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Scanning Like Human
Eye and Brain Achieved

for Television

,520 kc I. F. in Short -

Wave Set

JULY 8th 1 9 3 3 15¢ Per Copy

A short-wave set, using plug-in coils and an intermediate frequency of 465 kc. The oscillator coil is in
foreground, the modulator coil hidden behind the front tube shield. See page 6.
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PUSH-PULL
DIAMOND

Adual -range receiver, 1550-535 kc,
1525-4200 kc, using a perfected
superheterodyne circuit, fre-

quency -stabilized oscillator and electron
coupling between modulator and oscilla-
tor. Ten tuned circuits, four variable.
Two stages of t -r -f, tuned modulator,
tuned oscillator, with switch for wave -
changing. Output 15 watts from 2A3's
in push-pull. Full -wave second detector,
with 56 driver of output. 52 mfd. of
B filter capacity. Automatic volume
control of two i-f tubes. Automatic
inter -channel noise suppression. Selec-
tivity enough to blot out strong locals
10 kc removed from distant station. No
squeals whatever.

Tubes used: Five 58's; two 55's; one
56; two 2A3's; one 5Z3.
Wired Model of 12 -Tube Push -Pull
8 -Tube Model, 2A5 output, complete kit,
speaker, tubes, $24; wired, $29.50.
Super Diamond, including speaker,
tubes and everything else, except cabi-
net. Lined up and padded

.27by experts. Licensed. 41
Complete parts, speaker, tubes, every-
thing except cabinet.

.77

Direct Radio Co.
143 West 45th Street

New York, N. Y.

SHORT-WAVE
COILS and FORMS

Precision short-wave plug-in coils, wound on
Pk" diameter. Form has gripping flange.
Four coils to a set for each tuned circuit.
Approximate frequencies with 0.00014 mfd.
are 1400-3080 kc, 3000-6600 kc, 8000-13200,
13000-30000 kc.
Two -winding coils, 1:1T base. Cat. SW A
four coils $1.20

Three -winding coils, 6 -pin base ( tickler
interwound with part of secondary) Cat.

SWB @ 91.40
13X sockets for use as coil receptacle, Cat. 5%.
105 each. Forms, tour for 60*, either UT or 6 -pin.
Six -spring sockets, Cat. OZ. @ 1 1 e each.

SCREEN GRID COIL CO., 10 W. 411Stk Street,
New York City

1

FREE with a $1.00
8 -weeks Subscription

NEW STAR
MIDGET

CONDENSERS
Choice of 15, 25, 50
and 100 mmfd. capac-
ities. Single hole panel
mount.

Here is your opportunity to get the
latest product of Hammarlund, a Star
Midget condenser. Send $1 for 8
weeks subscription and get any one
condenser free. Select the desired ca-
pacity.
Any two condensers free with $2 for

I7 -week subscription.
Any three condensers free with $3 for

26 -weeks subscription.
Any six condensers free with $6 for

one-year subscription (52 weeks).

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

ANDERSON'S
AUTO SET

Designed by J. E. ANDERSON

FOREIGN RECEPTION
ON 6 -INCH AERIAL

This new auto set is the most sensitive eat
receiver we have ever come across. Mexican and
Canadian stations were tuned in from New York
City on a 6 -inch aerial. The circuit. an 8 -tube
superbeterodwne, with automatic volume control.

The complete parts, including set chassis and
set shield, battery box, remote control, battery
cable, all condensers, resistors and coils, speaker
with shielded cable; and a kit of RCA tube, ( two
239. two 238, two 237, one 89, and one 851 are
supplied less aerial. Cat. 898-K @ 334.60

Wired model, licensed by RCA, with complete
equipment, lees aerial, but including RCA tubes.
Cat. 898-W 937.40

DIRECT RADIO CO
143 West 45th St. N. Y City

BIG 1933
SENSATION
NEW STAR

AC - DC OR BATTERY

RECEIVER

Described in June 24 Issue

4 -Tube Kit of Complete Parts d.
including ROLA DYNAMIC41795
SPEAKER

(Less Tubes)

5 -Tube Kit of Complete Parts
including ROLA DYNAMIC40s VO
SPEAKER

(Less Tubes)

SETS ON DEMONSTRATION

THOR'S BARGAIN BASEMENT

167 Greenwich St., N. Y. City
MAIL ORDERS FILLED

WAFER SOCKETS
6/32 mounting holes, 1-11/16 tnches apart,
central socket hole recommended, 1 4 encher,
although 11/4 inches may be used.
UX, with insulator iut
U Y. with insulator 10.
Six -pin, with insulator lie
Seven- pl n, with insulator is,

DIRECT RADIO COMPANY
145 WEST 45th STREET, N. Y. CITY

CHARACTERISTICS CHART
All the receiver tubes, and some others, under

the following groups: Detectors and Amplifiers,
Power Amplifiers, Rectifiers, Phototubes. Regu-
lators. Two full pages, also page of descriptive
text. In Radio World of April 1, 1933. 15c a copy,
or send $1.00 for trial subscription of 8 weeks,
including April 1. Radio World, 145 W. 45th St.,
New York City.

,gE,SHIELDED TEST OSCILLATOR!
Either 50-150 kc Fundamental Model,

XImproved

modulated test oscillator, funda-
mental frequencies, 50 to 160 kc, enabling
lining up of intermediate frequency ampli-

fiers. t -r -f and oscillator circuits, Is now ready.
It is shielded in a metal box 94," wide x Cls"
Jeep x 4'6" high, with beautiful Japanese finish.
The test oscillator is obtainable In two models,
one for e -c operation, the other for battery opera-
tion. The same cabinet is used for both.

The a -c model not only is shielded but hail the
line blocked, that is, radio frequencies generated
by the oscillator cannot be communicated to the
tested set by way of the a -c line. This is a
necessary counterpart to shielding, and a special
circuit had to be devised to solve the problem.

The modulation In the a -c model is the a -e line
frequency, 60 cycles, effected by using the line
voltage on the plate of the tube. In the cabinet
there is a very high resistance between the shield
cabinet and the a -c. a double preventive of line -
shorting and application of a -e line voltage to the
user.

The oscillator Is equipped with an output post.
No ground connection need be used. as the cir-
cuit is sufficiently grounded through the power
transformer capacity to prevent body capacity
effects in tuning.

The frequencies are more accurately read than
normal use require., being never more than 2%
off, and usually not more than 1% off, many
readings being right on the dot (no discernible
difference). The frequency stability is of a high
order from 100 to !SO kc, and somewhat less from
100 to 150 kc. Zero beats are guaranteed at all

frequencies.
The oscillator was designed by Herman Bernard

and is manufactured under the supervision of

graduates of the Massachusetta Institute of Tech-
nology.

a -c or battery; or 500 to 1,500 kc Fundamental Model, (broadcast band) a -c or battery, available.

Either model FREE with two-year subscription for Radio World
(104 issues) $12.00

The test oscillator has a frequency -calibrated dial, ISO
to 50 kc, with 1 kc separation between 50 and 80 kc and
2 kc separation between SO and 150 kc. Intermediate
frequencies are imprinted on the upper tier. Broadcast
frequencies are obtainable on tenth harmonics (500 to
1,500 kc).

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

THE a -c model is completely self -operated and
requires a 56 tube. The battery model re
Quires external 22.5 -volt small B battery and

1.5 -volt dry cell, besides a 230 tube. The use of
1.5 volts instead of 2 volts on the filament increases
the plate Impedance and the operating stability

The battery model is modulated by a high-
pitched note. Zero beats are not obtainable with
the battery model.

Directions for Use
Remove the four screws and the slip rover, in-

sert the 66 tube in Its socket, restore the cover
and screws, connect the a -c attachment plug to the
wall socket, and the a -c test oscillator is ready
for service.

For testing some particular set, follow the direc-
tions given by the designer or manufacturer. In the
absence of such directions, use the following method.

Mentally affix a cipher to the registered fre-
quencies on the lower tier (so 50 is read as 500,and 150 as 1,600), and set the uial for any de-
sired broadcast frequency. Connect a wire from
output post of test oscillator to antenna post of set.
Leave aerial on for zero beats, off otherwise. At
resonance the hum will be heard. Off resonance
it will not be heard. For testing intermediate fre-
quencies, connect the wire to plate of the first
detector socket. The first detector tube may be
left in place and bared wire pushed into the plate
spring. The Intermediates then are tuned forstrongest hum response. If art output meter is
used, tune for greatest needle deflection.

The battery model Is connected to voltage sources
as marked on oscillator outleads and is used thevane way.
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REFLEXING TO -DAY
Operating Economy with the

Newer Tubes
ACOPYRIGHT pamphlet entitled

"Technical Discussion on Reflex
Circuit Considerations" (Laboratory

Series No. UL -6) has been prepared by
RCA Radiotron Co., Inc., and E. T.
Cunningham, Inc., and is reprinted here-
with by special permission:

Reflex Circuits in the Past
Some years ago reflex circuits received

considerable attention and extensive ap-
plication. Because of the relatively high
price of tubes, the high order of sensi-
tivity required to receive weak or distant
broadcast stations, and the heavy drain
on batteries by the tubes then available,
any circuit combination which gave
greater sensitivity for a given number
of tubes was considered meritorious.
Consequently, reflex circuit -arrangements
were used extensively since they an-
swered many of the design problems en-
countered at that time.

Later the reflex circuit was dropped,
disappearing from use almost entirely up
to the present time. The reasons for its
loss of popularity were primarily the poor
stability obtainable with the available
triodes, the poor quality of output, and
the introduction of cheaper and more
efficient tube types which permitted the
use of more tubes in the set without ex-
cessive cost or excessive battery drain.
Furthermore, the growing demand for a
single -control receiver which would give
approximately maximum sensitivity at
any dial setting, did much to push the
erratic and complicated reflex receiver of
that time into temporary discard.

Reasons for Renewed Interest
The spontaneous public approval ac-

corded the introduction of the "pocket
size" compact receivers had led radio en-
gineers to an almost frantic search for
new circuits and new methods which
would give improved performance with-
out an increase in the size or cost of the
set. The number of parts and tubes
which can be put in the chassis space
available in these small receivers is now,
and has been, at the saturation point.

PRACTICALITY OF REFLEX,
USING THE 2B7 OR 6B7

267 OR 667
PENTODE UNIT 287 OR 687

- DIODE UNI T

PI
VOLTS a;

R,. I TAEGOnm (DIODE LOAD)
=100000 ONTAS (L -F FILTER)

111,. 2 mEGONmS(A-F AMPLIFIER GRID RESISTOR)
11,. 100000 ONTAS (A -F LOAD RESISTOR)
R,=1500 OHMS (SELF -BIASING RESISTOR)

50000 OHMS
,. S00000 OHMS (GRID RESISTOR OF FOLLOWING TORE)

C = RAIL FILTER CONDENSER
CDT0.0001 pf.
0.01p

C3=0.0001 pc(r-r FILTER)
cq=0.0002 pr.(t-r or -F.35 CONDENSER)

0.1
o. pt.
0.01,U,(GRID COUPLING CONDENSER)

T, 1NPuT TRANSFORMER
1.-F OUTPUT TRANSFORMER

GRID

UEE

FIG. 1
A fundamental reflex circuit. A
pentode and a diode are used.
Since the two tubes are in the
2B7 and 6B7, either of these
types may replace the two sepa-
rate envelope tubes diagrammed.
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PLATE VOLTS

FIGS. 2 and 3
A typical family of plate current
curves for a pentode amplifier. The
plate supply is 250 volts, the screen
voltage 50 volts. The 2B7 or 6B7 tube
is in mind. Fig. 3 delineates the grid

swing.



4 RADIO WORLD July 8, 1933

The use of duplex tubes has aided con-
siderably the performance capabilities
without an increase in chassis size.

In automobile sets the problem is to
get the best performance possible with
the smallest drain on the car's battery.
Consequently, the next logical step is to
make some of the tubes perform addi-
tional fundtions. Reflexing may be the
answer to these problems.

With reflex arrangements, higher gains
are attainable with a given number of
tubes than with a straight circuit. The
size of the chassis is not usually increased
by the use of reflex circuits, while the
weight and current consumption remain
the same.

While fewer tubes are used with a re-
flex circuit to secure the same overall
gain, the cost of circuit elements is slight-
ly higher for a reflex arrangement, since
filters must be provided to isolate the
reflexed frequencies. The increased cost
and complication of the circuit may offset
the saving in tube costs over a straight
circuit. Consequently, the principal ad-
vantages of the reflex circuit may be its
economy of space and reduced power con-
sumption.

Fundamental Principles

In Fig. 1 is shown a fundamental re-
flex circuit, employing a pentode and a
diode. The pentode is reflexed so that
it amplifies both r -f and a -f voltages.
Using a duplex tube, such as the 6B7, the
two tubes shown can be replaced by a
single tube.

In operation, the incoming i-f signal is
passed through the i-f input transformer
(T1) and amplified by the tube in the
usual way. The plate circuit of the i-f
amplifier also includes the a -f load (R4),
but a by-pass condenser (C4) around this
makes the impedance for i-f relatively
low. Thus the i-f current flows through
the condenser practically unaffected. The
diode detector is coupled to the i-f ampli-
fier through the i-f output transformer
(T2). Rectification, and consequently de-
tection, of the signal takes place in the
diode, producing an a -f output. The a -f
output is fed through an i-f filter back to
the control grid. This filter consists of
the resistor R2 and condenser C3. It pre-
vents any i-f component from being fed
back to the control grid of the pentode.
In passing to the control grid of the pen-
tode, the a -f signal must pass through
the i-f input -transformer secondary, but
since this has relatively low impedance
to a -f, the a -f signal is unaffected. The
a -f signal is then amplified by the pen-
tode, producing an a -f voltage across
the a -f load (R4) in the plate circuit of
the pentode. Although the primary of
the i-f output transformer is in the plate
circuit, it has little effect on the a -f plate
current due to its relatively low im-
pedance to a -f. Thus it is possible to
develop an a -f voltage across the a -f
load (R4), which can be fed to another
stage of a -f amplification or to an output
tube.

From this elementary discussion of a
typical reflex circuit, it will be seen that
the operation of the circuit depends upon
its ability to separate the reflexed fre-
quency from the other frequency. Natur-
ally, it will be simpler to desien circuits
for frequencies which differ widely. For
this reason, the reflexing of a -f voltages
through an i-f amplifier is perhaps the
simplest. However, it is possible, al-
though considerably more difficult, to re-
flex i-f through an r -f amplifier.

Operating Considerations
In Fig. 2 is shown a typical family of

plate characteristic curves for a pentode
amplifier. The plate supply voltage for
the tube is 250 volts, and the screen
voltage is 50 volts. An a -f load line,
A -0-B, representing an effective a -f load

Operating Curves
for 2 B7 and 6 B7

OPERATION CHARACTERISTICS

NOTE I 1 SE F 0. FOR CIRCU T
NOTE 2 I DSTORTION VALUES ARE

NCLUSIVE OF -F MODULATION
STORTION, 0100E 0 STORTION

AND A -t- AMPUFIER DISTORTION

AU012rOUTPU VOLT `PEAR) 60

FIG. 4
Percentage distortion curves for the

2B7 and 6B7

of 83,400 ohms, is shown on the char-
acteristics. The static center of the a -f
swing is the point 0, showing that a
bias of -2.75 volts is required. The
amplitudes of the a -f swing may be, for
example, OA -and OB.

Since the amplitudes of the a -f swing
are much larger than the amplitudes of
the i-f swing, due to the amplification of
the system, the dynamic center of the i-f
swing will be moved up and down along
the a -f load line. The location of the
dynamic center of the swing at any in-
stant will depend upon the instantaneous
value of the a -f voltage applied to the grid
of the tube.

An i-f load impedance of 313,000 ohms
is represented by the load lines, L -A -M
and P -B -Q, at the extreme ends of the
a -f swing. The i-f load with no a -f
signal on the grid of the tube is repre-
sented by the line X -O -Y.

If the characteristics of the tube were
absolutely linear over the entire range
of the a -f and i-f swings, the tube would
be ideal for reflex amplification. Since the
characteristics are not absolutely linear,
some distortion is introduced, and the se-
lection of the proper load becomes im-
portant if stable operation is to be
obtained.

Slight Distortion

It is apparent from the curves that
the a -f voltage is distorted but slightly
by the curvature of the characteristics.
The dynamic center of the i-f voltage
swing, however, is carried back and forth
along the a -f load by the a -f grid voltage.
Consequently, the i-f plate -voltage ampli-
tude is subjected to considerable change
with respect to the i-f grid -voltage am-
plitude. Hence the i-f voltage is dis-
torted. An appreciable part of this

distortion is eliminated by the tuned i-f
circuit, but the percentage of modulation
of the i-f signal is also changed.

When an unmodulated i-f signal voltage
is applied to the input of the circuit
shown in Fig 1, a d -c voltage is developed
across the load resistance (R1) of the
diode. The point F (Fig. 1) becomes
negative with respect to the cathode. An
increase or decrease in the i-f amplitude
due to modulation increases or decreases
the negative potential at the point F. The
changes in potential occur at the modu-
lating frequency (a -f). The a -f voltage
is directly effective at the grid of the re -
flexed tube through the coupling con-
nection R2 and C2. The changes in poten-
tial at the grid and at F are identical in
sign with respect to the cathode.

It is evident that when the modulation
increases the amplitude of the i-f signal,
the dynamic center of the i-f swing is
shifted by the a -f voltage towards the
point B. Similarly, when the carrier is
modulated downward (decreased i-f am-
plitude), the a -f voltage shifts the dy-
namic center of the i-f swing towards
the point A.

Modulation Decrease

The spacing of the grid voltage lines
(Fig. 2) increases towards A and de-
creases towards B with respect to that
at the point 0 at the central portion of
the plate characteristics. This causes a
decrease in the percentage of modulation
of the i-f signal, since the small ampli-
tudes are amplified more than at point 0
and the large amplitudes are amplified
less. This decrease in the percentage
modulation has a stabilizing effect on the
system, while the gain and output are re-
duced slightly.

If the output of the iode detector were
connected to the grid of the reflexed tube
in the opposite phase, there would be an
increase in the percentage of modulation.
This effect tends to be accumulative and
motorboating may result.

Consider the normal stable circuit ar-
rangement with the loads shown in Fig.
1. Suppose a small, modulated i-f signal
is applied to the input and its amplitude
is gradually increased by means of a
gain control operating on the preceding
amplifier stages. When the positive a -f
voltage swings the grid appreciably be-
yond the point A, the i-f amplitude no
longer receives increased amplification as
compared with that of the point 0, due to
the curvature of the characteristics near
the point C. The amplification rapidly
decreases beyond the point A, causing a
further decrease in i-f amplitude to the
detector, which in turn causes a more
positive grid voltage on the reflex tube.
The effect is accumulative so that an un-
stable motorboating action may result.

Stability Results
Stable operation is obtained, if the

change in the i-f amplification over the
operating range of the a -f grid voltage
values produces a distortion of the modu-
lated i-f which, when rectified by the
diode, causes a considerably larger change
in the a -f amplitude at the lower end
of the grid swing than at the upper end
(Fig. 3.) Even though the characteristic
at the upper end tends to produce an in-
crease in percentage of modulation, the
characteristic at the lower end counter-
acts this effect.

In general, for stable operation in re-
flex circuits, the i-f voltage amplification
over the operating range must either be
constant, or tend to oppose the changing
amplitude of the input carrier-voltage.

The limiting conditions for stable oper-
ation, therefore, depend upon the a -f load,
the i-f load, the plate voltage, the screen
voltage, and the grid -bias voltage. It is
necessary to use a somewhat lower screen
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voltage than that normally used in i-f
amplifiers in order to obtain high a -f
voltage -amplification. The control -grid
bias must be selected so that the tube
operates near the central part of the plate
characteristics in order to obtain max-
imum output and stable operation. High
output requires high plate voltages, par-
ticularly when resistance -coupling is em-
ployed.

The i-f plate -load impedance and the
a -f load impedance should not be too
high. Low ,,impedances give better sta-
bility, but, also, low voltage -amplification.

While it is possible to provide volume
control on the reflexed tube, it is gener-
ally more satisfactory to use a volume
control operating on preceding tubes.

Analysis of Fig. 1 Circuit
The 100,000 -ohm load resistance (R4 in 

Fig. 1) and a bias voltage of -2.75
volts place the static center for the a -f
plate -voltage swing at a favorable point
(0 in Fig 2) on the plate characteristics
for a plate supply of 250 volts and screen
voltage of 50 volts. The grid resistor
(R7) in, parallel with load resistor (R4)
constitute the a -f load (a -f Rp) of 83,400
ohms. This load is represented by the
line A -O -B in Fig. 2..

The i-f output transformer (T2) has a
primary to secondary voltage ratio (N.)
of 1.7 to 1. The parallel resonance im-
pedance of the primary (Zpr) is 400,000
ohms. The secondary of T2 is loaded by
the diode. The diode impedance (Za) at
the 175-kc. i.f. is approximately one-half
of R1, or 500,000 ohms. The resistance
and reactance of the secondary T2 are
negligible in comparison with this diode
load. Therefore, the total i-f plate load
impedance is the parallel value of Z.' and
the reflected diode impedance, or 313,000
ohms.

The points A and B mark the limits of
the assumed a -f plate -voltage swing on
the dynamic a -f characteristic in Fig. 3
(Fig. 3 is obtained by projecting in-
stantaneous values of grid voltage and
plate voltage from the load line A -O -B
in Fig. 2). The amplitude of the funda-
mental a -f plate -voltage swing is 67 volts.
This corresponds to a grid voltage swing
of 1.25 volts, giving a voltage amplifica-
tion of 67/1.25 = 53.5.

Since the voltage produced across the
diode load (R1), modified by the voltage
ratio of the network comprised of R2, R2,
C2 and Ca gives the a -f grid voltage swing,
the voltage across over the frequency
range for which C2 and C. are negligible
must be equal to

1.25 X R9 ± R9 - 1.44 volts

123

For a diode efficiency of 90%, the am-
plitude of the i-f modulation on the
secondary of T2 is 1.44/0.9 = 1.6 volts.

Voltage Variation
With 20% modulation, the i-f signal

voltage on the secondary of T2 is
1.6/0.20 = 8 volts. The voltage on the
primary of T2 is the voltage in the
secondary times the step-down ratio of
the transformer = 8 X 1.7 = 13.6 volts.
Since this voltage is 20% modulated, it
varies between 16.32 volts and 10.88
volts.

Since the d -c voltage across the diode
load (RI) increases with increasing i-f
voltage, the maximum value of a modu-
lated wave causes the highest voltage,
while the minimum causes the lowest
voltage. The d -c voltage change across
R1 produces the instantaneous a -f grid
voltage on the tube. Consequently, when
the modulated i-f voltage swing is 16.32
volts the dynamic center is at B, when it
is 10.88 volts the dynamic center is at A.

It will be seen by inspection of Fig. 2
and Fig. 3 that the i-f voltage amplifica-
tion for a given i-f amplitude depends

upon the instantaneous grid voltage. The
voltage amplification is .low at highly
negative values of grid voltage and in-
creases gradually as the negative grid
voltage decreases towards point A. For
negative grid voltages less than that at
point A, the voltage amplification begins
to decrease rapidly, until at C it is con-
siderably lower than at A. The decrease
in voltage amplification at the point C is
due to curvature of the plate character-
istics for low plate voltages.

Amplification Considered
The voltage amplification at the points

A and B is found from the i-f load lines
on the dynamic characteristics (Fig. 3)
and equals the ratio of the peak -to -peak
plate -voltage swing to the peak -to -peak
grid -voltage swing. At point A, the
voltage amplification is (2 X 10.88) / (2 X
0.075) -145. At B it is (2 X 16.32) / (2 X
0.11) = 148.2.

As brought out in the discussion on
the theory of operation of a reflex am-
plifier, stable operation can exist only
when the i-f voltage amplification is con-
stant or tends to oppose the changing
amplitude of the input carrier -voltage.

Under the conditions obtaining at
points A and B, the percentage modula-
tion of the i-f signal is increased, due to
the difference in voltage amplification at
these points. Due to the distortion of the
a -f amplitudes, the a -f grid voltage is not
sinusoidal as assumed for the construc-
tion of Fig. 3. The point B actually
should be more distant from 0 than point
A, and not as shown. This is a more
stable condition than that shown in Fig. 3.

With a. slightly larger amplitude of i-f
input, the stabilizing effect of the un-
equal a -f amplitudes no longer pre-
dominates and the system becomes un-
stable. Larger i-f amplitudes cause the
points A and B to move away from 0
into regions of increasing instability until
the tube draws grid current. As a result
of grid current, the point 0 is shifted to
a more negative value, restabilizing the
system for an instant. The rapid reoc-
currence of this phenomenon is usually
termed "motorboating."

Modulation Percentages
For smaller a -f plate -voltage swings

the voltage amplification in the direc-
tion of point A becomes greater.than that
in the direction of point B, producing
slight demodulation. This condition ad-
justs itself instantly, so that stable oper-
ation is obtained.

Higher percentages of modulation have
smaller i-f grid voltages for the same
audio output. Therefore, larger audio -
output voltages can be obtained without
exceeding the i-f grid voltage swings
which mark the end of stable operation.
The following table shows the results of
experiments illustrating this:
% modulation
of i-f signal

Peak a -f output voltages
for stable operation

10 45.3
20 64.0
30 79.0
50 105.0
80 116.0

The values for 50 and 80 per cent
modulation show that the entire a -f dy-
namic characteristic (Fig. 3) is used.
These values represent the maximum
possible voltage -output obtainable with-
out causing the tube to draw grid cur-
rent.

The calculation shows that the i-f am-
plification is 145 and the a -f amplification
is 53.5. Due to the step-down ratio of
T2, the overall i-f gain is 145/1.7 = 85.4.
The gain of the entire circuit of Fig. 1

with an i-f signal of 20% modulation is
67/0.0925 .7,-- 725. For 30% modulation
the overall voltage amplification is 1090,
and for 100% it is 3625.

Harmonic analysis shows a distortion
of 2.7% for the a -f amplifier alone, with

a peak plate -voltage swing of 64 volts.
The measured overall distortion is shown
versus the peak a -f output in Fig. 4. The
measured overall distortion is consider-
ably higher than' the calculated value for
the a -f amplifier alone, since it contains
distortion due to the change in percentage
modulation of the i-f signal, and also dis-
tortion due to the diode detector.

General Comments on Design
There shoud be no audio -frequency

coupling between the plate circuit of the
pentode (Fig. 1) and the diode -detector
circuit, if audio feed -back and audio recti-
fication are to be avoided. The capacity
between the i-f output -transformer -
primary winding and secondary winding
should be low in order to eliminate audio -
frequency coupling.

Thefe should be no i-f coupling be-
tween the plate circuit of the pentode,
or the diode circuit, and the grid circuit
of the pentode, since i-f feed -back will
cause oscillation or degeneration.

In resistance -coupled circuits, the plate -
supply voltage should be at least 5 times
as high as the screen grid voltage. The
audio load should be determined for low
distortiori and be such that the least
negative required peak grid -voltage value
does not occur at too low a plate voltage.

The reflexed a -f voltage must be re-
turned to the control grid of the reflex
tube in the proper phase. In resistance -
coupled circuits such as that shown in
Fig. 1, the correct phase relation auto-
matically obtains. In transformer coupled
circuits, the polarity of the a -f trans-
former must be correct.

For an i-f signal of given percentage
modulation there may be a limiting am-
plitude beyond which instability results.

The plate -load impedances for i-f and
a -f conditions have critical values which
determine the limits for stable operation.

If the volume is controlled only by
varying the a -f voltage fed back to the
reflex tube, rectification of the i-f in the
plate circuit of the reflex tube will, at
low volume levels and high i-f input
voltage, introduce some a -f voltages
which may be appreciably distorted. For
this reason it is generally advisable to
control the volume on some other tube
in the set.

Self -bias is recommended, since the
operation with correct loads will remain
satisfactory for considerable variation in
plate -supply voltage.

Conclusions
It has been the purpose of this article

to point out some of the difficulties
normally encountered in the design of re-
flex receivers. Limiting conditions for
the extreme range of the tube's perform-
ance capabilities have been discussed in
order to present ways of analyzing and
designing circuits. It is quite probable
that in the design of a broadcast receiver
some of these limits may never be ap-
proached.

With the tube types now available, it
is possible to design reflex receivers hav-
ing sensitivity capabilities comparable
with those of a straight receiver employ-
ing a larger number of tubes. The sta-
bility and output quality of the reflex re-
ceiver can be made to compare favorably
with that of receivers employing straight
circuits.

(Copyright, 1933)

189 CHIP IN IDEAS
"Hints & Kinks" is an 80 -page sym-

posium of the best ideas of 189 experi-
menters. It has sold over 1,000 copies in
the month it has been available. This is
in line with the unprecedented success of
"The. Radio Amateur's Handboolf," the
most widely distributed and read book on
radio ever published. Nearly 200,000
copies of this manual have been sold in
ten editions.
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A SELF-CONTAINED SHORT-WAVE SET WITH

HUM ELIMINATED
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The eight -tube short-wave superheterodyne from which hum has been eliminated. The two condensers across
the same potentials, low side of 15,000 -ohm series resistor and ground, are 0.01 mfd. and 8 mfd. Of these the
8 mfd. reduces hum and the 0.01 mfd. bypasses radio frequencies. Otherwise for the higher radio frequencies

the impedance of the intended bypassing might be entirely too large. Plug-in coils are used.

THE construction of an a -c -operated
short-wave receiver, with total re-
ceiver and power supply on one chassis,

naturally brings up the subject of hum, to
which short-wave sets seems to be subjected
more than are broadcast receivers. The fact
may be accepted even though the reason for
it is not altogether clear.

In the diagramed circuit, four methods
were employed to reduce the hum effective-
ly, and a fifth incidental method that might
yield a slight extra reduction.

An adequate filter in the B supply is
taken for granted, and this consists of the
field coil of a dynamic speaker used as B
choke, with 16 mfd. next to the rectifier
and 16 mfd. more at the end of this filter.
Adding more capacity doesn't do any good
at these positions, and indeed many would
be satisfied that the hum was low enough.
However, extra methods were utilized, and
since they are not peculiar to this circuit,
they may be tried (with confidence of their
value being proved) on other receivers.

The Four Methods
First, a resistor was introduced in series

with the tuner B feed, shown as 15,000
ohms, and at the low voltage side of this
resistor an 8 mfd. condenser was placed.
This further reduced the inherent hum, al-
ready low to begin with, and removed the
existence of slight tunable hum.

Second, and in line with the use of the
same resistor, the B voltage to the tuner
tubes was kept low, around 100 volts, and
the screen voltage whatever results from
the series 60,000 -ohm resistor. If you haven't
60,000 ohms you may use 50,000 ohms. The
actual screen voltage will be between 40 and
50 volts, although it will read less than
that, screen to ground, an most meters used
by experimenters.

Third, the output tubes were of the heater

type, so that the hum otherwise introduced
into a filament, hence into the tube itself,
is not amplified.

Fourth, a resistor of 50,000 ohms was
connected between grid of one output tube
and ground. Either tube may be selected,
and in some instances the hum reduction is
greater when the connection is made to one
grid rather than to another, so try both. If
both have resistors simultaneously in both,
then the resistance had better be 100,000
ohms from each grid to ground. However,
one resistor suffices, hence one of half that
value is shown.

The Fifth and Incidental Method
0 The fifth, and incidental, method was dis-
covered by accident. In using a poten-
tiometer as the total resistance load on the
diodes of the 55. the hum rose when one
got near the extreme voltage (left-hand
side of the load resistor, reading R and 0.25
meg. as one resistor in the diagram). Since
the resistor is 0.25 meg., a potentiometer of
eaual value may be put in the circuit, arm
to pointer, and the slider moved until this
hum -increase point is reached, then the re-
sistance measured between the arm and the
left-hand end of the resistor in diagram, and
when a fixed resistor of 250,000 ohms is
used, then R is additional, and of the value
determined by the experiment. The value
is not so critical that this method does not
apply.

A sixth aid is the filter in the power
transformer primary, consisting of two 0.1
mfd. condensers, although there primarily
for another purpose, that of keepingradio
frequencies from getting to the rectifier by
way of the a -c line input. If the power
transformer is of the type without static
shield, a terrific tunable hum may be ex-
perienced on any receiver (broadcast waves

or otherwise), and the two condensers will
get rid of this,,if the cause is the stated one.

Drain Kept Down
Because of the low B voltages in the

tuner, and the biasing that is around 5 volts,
the B current drain is small, and the con-
structor should not be surprised if the total
drain is only around 90 milliamperes.

Taking up the circuit in the order of the
signal function, the mixing is done in the
single envelope of the 2A7, with the modu-
lator negatively biased by the drop in the
350 -ohm resistor, plus any extra drop due
to the 25,000 -ohm rheostat (or potentiometer
used as rheostat).

The oscilaltor portion is of the grid cur-
rent type, with stopping condenser and grid
leak, the value at leak having been de-
termined experimentally at 10,000 ohms.
This may seem like a low value, but it must
be remembered that circumstances dictate
the value of the leak. It should be as high
as practical, yet should not cause blocking,
and at the high freauencies blocking did
occur even when the leak was 15,000 ohms.
So while 10,000 ohms or more may be used,
the maximum must be less than 15,000
ohms, and any who are assiduously experi-
mental may try out various values between
these two, or others may accept the 10,000 -
ohm value as final. This resistor is marked
0.01 meg. in the diagram.

Electron Coupling
Coupling between oscillator and modu-

lator is effectuated in the cathode circuit,
which is common to the two separate tubes
in the one envelope, the pentode modulator
and the triode oscillator. This is therefore
electron coupling.

The connection for the 2A7 are, looking
at bottom of socket, heaters toward you, go -
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LIST OF PARTS
Coils

Two sets of standard short-wave plug-in
coils for 0.00014 mfd. tuning ; four coils
to a set, total eight coils.

Two doubly -tuned intermediate -frequency
transformers, 465 kc.

One doubly -tuned intermediate transformer,
465 kc, with center -tapped secondary.

One power transformer.
One dynamic speaker ; field coil total 1,800

ohms or more; any existing tap on field
may be ignored; output transformer for
push-pull pentodes.

Condensers
One two -gang 0.00014 mfd. tuning condenser.
One 0.0001 mfd. grid condenser.
One 0.00025 mfd. fixed condenser.
Two 0.01 mfd. condensers.
Seven 0.1 mfd. bypass condensers, 200 volts

minimum rating.
Four 8 mfd. electrolytic condensers (two

s in two pairs to constitute two 16 mfd.)
One 8 mfd. electrolytic condenser to be used

separately.
One 50 mfd., 30 -volt electrolytic condenser.

Resistors
One 200 -ohm B -watt resistor (or two 400 -

ohm 1 -watt resistors in parallel will do).
One 350 -ohm pigtail resistor
Two 3,500 -ohm pigtail resistors.
One 4,700 -ohm pigtail resistor.
One 15,000 -ohm, 5 -watt resistor.
One 0.05 meg. pigtail resistor (50,000 ohms).
One 0.1 meg. pigtail resistor (100,000 ohms).
One 0.25 meg. pigtail resistor (250,000

ohms).
Two 1.5 meg. pigtail resistors

ohms).
One 2.0 meg. pigtail resistor

ohms).
One pigtail resistor, marked R in diagram,

suggested around 100,000 ohms.
One 25,000 -ohm potentiometer with a -c

switch attached (used as rheostat).
Reverse the connections to the rheostat
if the volume control works in the
wrong direction.

Other Requirements
One chassis.
Five tube shields and bases.
One seven -hole medium socket, five six -

hole sockets, two five -hole sockets and
one four -hole socket. (The extra five -
hole socket is for speaker plug, although
actually only four connections need be
used).

On a -c cable and plug.
One vernier dial, escutcheon and pilot lamp.
One antenna -ground binding post assembly.
Four grid clips.
Tubes: one 2A7, two 58's, one 55, one 56,

one 5Z3 and two 2A5's.

(1,500,000

(2,000,000

ing right, to left: one heater, other heater,
plate, screen, oscillator plate, oscillator grid,
cathode. The control grid of the modulator
is the cap of the tube.

While the control grid is shown as nega-
tively biased by cathode resistor drop, those
partial to grid leak detection in the modu-
lator may use 0.0001 mfd. and 75,000 ohms,
connecting grid return then to grounded B
minus, and shifting the volume control to
an intermediate tube, as well as increasing
the resistance, approximately doubling it.
That is, there would be 50,000 ohms of
rheostat at maximum in series with 3,500
ohms of fixed biasing resistance.

The coils used in the mixer are of the
standard plug-in variety in conjunction with
the 0.00014 mfd. tuning capacities. Both
coils are the same as to number of base
pins (four) and as to inductance for a single
band, and the question arises how the differ-
ence in frequencies is struck between the
modulator and the oscillator.

This is done by including a seven -plate

junior condenser in parallel with the section
tuning the antenna secondary. Since we de-
sire the oscillator frequency to be higher,
the modulator frequency will .be lower, and
to lower it extra capacity, as found in the
manual trimmer, provides the result.

For the first band of tuning this capacity
has to be relatively, large, although it must
be admitted that 50 mmfd. will more than
take care of it. For the next band the
capacity has to be much less, and for the
next two bands it is scarcely necessary to
move this manual trimmer's knob, but the
condenser may be left at minimum, because
the percentage of difference in frequencies
is so small.

Percentage Differences
Even at 5,000 kc, the percentage of dif-

ference is only 10 per cent., approximately,
so at 10,000 kc it is 5 per cent. and at 20,000
kc it is 2.5 percent. As we shall tune to
around 30,000 kc, the difference finally be-
comes a little more than 1.6 per cent.

Some arguments may be raised against
this small difference in relative frequencies
at the higher frequencies, but the only
remedy would be to use a still higher inter-
mediate frequency than 465 kc, and one
would soon get into the broadcast band,
where there is trouble ahead, due to 1ike-
lihood of interference by direct pickup, in
the intermediate amplifier, from broadcast
stations, so one would select perhaps 1,520
kc, which would render the coil problem
somewhat serious for those not yet thor-
oughly versed in radio. On the other hand,
the splendid short-wave supers with inter-
mediate frequencies in the four hundreds
may be cited, and also the excellent results
obtained.

The intermediate transformers are of the
doubly -tuned type, but if you have singly -
tuned transformers, these may be used, and
in fact may yield even a little more selec-
tivity, for there is an inescapable band-pass
filter effect

While the 55 is shown worked as a full -
wave detector, it may be worked as a half -
wave detector if you haven't the transformer
with center -tapped secondary.

40% Off
Simply then connect one side of secondary

to joined anodes, other extreme of sec-
ondary to one side of the load resistor, other
side of which resistor goes to ground. R
then might have to be somewhat higher
than for the full -wave circuit, but this could
he verified experimentally, following the di-
rections previously given. As a generalized
value, R may be recommended tried at
100,000 ohms, even though less than the
full rectified voltage (40 per cent. of it in
such instance) would be applied to the triode
-of the 55.

While this seems like a great deal off, the
actual result in quantity of sound is not
much, as the 56 gives more volume on
strongest signals when less than the full
voltage is taken off the 55 rectifiers.

If 4,700 ohms are used in the 56 cathode
leg. the negative bias will be around 8 volts,
although on meters less sensitive than 1,000
ohms per volt, the reading may be around
5 volts or so. Nevertheless the actual
voltage is around 8 volts, and the current
is a bit under 2 milliamperes. It is therefore
not necessary to filter the a -c from the
primary of the push-pull input transformer.

I -F Filter Condenser'
The 0.1 meg. resistor in the 55 plate cir-

cuit is higher than usually recommended, but
the output signal 'voltage is raised a bit
thereby. The 2.0 meg. leak helps improve
the sensitivity, and if slight hum increase '
tolerable, this resistor may be raised ev,1
to 5 meg.

Across the grid resistor is a condenser
of 0.00025 mfd., in a nosition that has
much less effect on reducing the high audio
frequencies than if this unit were across the
diode load resistance (R plus 0.35 meg).
The purpose of the condenser is to serve

as an i-f filter. If the intermediate am-
plifier tends to be a bit squealy at maximum
gain this condenser corrects for the con-
dition.

The quality is improved by a large by
pass condenser across the 56 biasing resistor,
yet none is shown across the 200 ohms bias-:,
ing the push-pull stage. This is due to the
absence of signal from the smaller resistor.

The 0.05 meg. resistor- as a hum -reducer
has been discussed. There remains only the
consideration of the power transformer, rec-
tifier and speaker.

Optional Connections

The power transformer may be of the
so-called 90 ma type (where the plate drain
at d -c values is used as the transformer
rating), otherwise a 50 -watt transformer
(if primary input is used as rating). The
windings need not be exactly as shown.
Perhaps there is only one 2.5 -volt winding.
It may be used nevertheless, provided it
will stand around 10 amperes or so. The
rectifier windings are the high -voltage sup-
ply (normally around 350 volts a -c between
B minus and one side), and 5 volts. If the
5 -volt winding is not center -tapped, use
either side of the filament for the B feed.

The circuit is equipped with automatic
volume control of the two intermediate
tubes, but if desired this control may be
extended to include the modulator, by mak-
ing the modulator grid return to the 55
diode load resistance, as done in -the other
instances, through a high resistance by-
passed by a large capacity, instead of di-
rectly to ground as diagramed. In case
the change is made, separate the primary
from the secondary, so that the primary is
directly grounded. This refers to the modu-
lator coil (extreme upper left).

Coil Connections

The intermediate amplifier is peaked in
the usual way, by putting the oscillator
voltage on the plate of the 2A7, with modu-
lator and oscillator coils out, then resort
restoring the circuit, and on a very weak
signal received later, relining the interme-
diates carefully and slightly for maximum
Quantity of sound or 0-reatest deflection of
the needle, if output meter is used.

It has been stated that standard plug-in
coils may be used. If machine wound, as
they naturally would be, the windings are
in the same direction, and the connections for
modulator, top to bottom, would. be: (sec-
ondary) grid and ground, (primary) ground
and aerial. Oscillator coil: top to bottom
(secondary), ground; B plus, plate. The
connections to base pins will have to be
traced out, but for commercial types in mind
the code is : coil's positive filament to an-
tenna or plate; coil's plate to ground or B
ails; coil's grid is grid in both instances ;
coil's negative filament is ground for both.
"Grid" in the case of oscillator represents
the coil side of the 0.0001 mfd. grid con-
denser.

[Other Illustration on Front Cover]

3,000 AT STUDIO
More than 3,000 persons attended a

recent broadcast of the Pontiac prograth.
thronging the grand ballroom of the
Waldorf-Astoria Hotel in New York
City to applaud the comedy of Stoopnagle'
and Budd and the music and songs of
the Kostelanetz Orchestra and Chorus,
William O'Neal and Jeannie Lang. The
special presentation was arranged to
accommodate some of the many requests
for personal attendance at the programs.
and standing room only, with plenty of
standees, was the order of the evening.
After the program, the Colonel and
Budd put on a special performance for
their enthusiastic audience. A surging
mob of autograph -seekers kept StooP-
naP,le, Budd, Announcer Louis Dean and
the other principals busy with pens and
pencils for a good part of the night after
the performance.
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the superheterodyne intended primarily
for short waves, the imermediate fre-
quency should be as high as practical,

and while good results are obtained with
450, 465 kc, etc., no doubt the trend will be
to frequencies higher than the broadcast
band, just as the intermediate frequencies
of broadcast superheterodynes were in-
creased from 30 kc to the four hundreds.

Many will desire to be in the vanguard
of such experimentation, and therefore
some details will be given to guide them,
although the engineering of the -circuit dia-
gramed herewith has not been completed by
the author. The intermediate and audio
amplifiers, and the B supply, have been com-
pleted, but there remains some work to be
done on the mixer coils.

The inductance values may be stated on
the basis of specified capacities. Suppose
that a two -gang 0.00041 mfd. condenser is
used. The frequency ratio will slightly
exceed 3 to 1, but for overlap assurance
the ratio will not be deemed to be greater
than stated.

Different Frequency Ratios
Let us look for a moment at the highest

frequency band. Suppose it ends at 30,000 kc
(30 megacycles). Then if the same ratio pre-
vails the low frequency tuning would be at
10 megacycles, a difference of 20 mgc. At
the low frequency short-wave band the dif-
ference would be that between 1,540 kc and
4,620 kc, or 3,080 kc. It is clearly advisable
to reduce the frequency ratio as the fre-
quencies tuned in become higher and higher,
band for band, so that no disparity like
20 and 3 mgc. will exist. As an arbitrary
selection in the right direction, the 3 -to -1
ratio may prevail for the first and second
2 -to -1 for the two other short-wave bands.
short-wave bands (lower frequencies), and

The fifth band represented in the coil
system may be the broadcast band. although
this would be simply an auxiliary service,
in such a set, and the predominating con-
sideration would be short waves.

As the frequencies become higher the dif-
ference between the modulator and the oscil-
lator frequencies becomes less, that is, the
two come closer to being the same, even
with 1,520 kc or thereabouts as the inter-
mediate frequency. So while series capacity
padding would be required for two or three
of the low frequency bands, a parallel man-
ual condenser across the modulator will
take care of frequency adjustment for the
higher frequencies, where there would 'be
no padding condenser, although for all save
the highest frequency there would be some
inductive compensation.

40 Mmfd. Minimum
The series padding condenser is selected

on the basis of the low frequency tuning,
the oscillator inductance on the basis of the
high frequency tuning. Therefore to com-
pute the coils it is necessary to know or
assign the minimum capacity. This has
been selected as 40 mmfd. for each of the
two circuits, modulator and oscillator.

In broadcast practice we find the series
padding condenser has little effect on the
high frequencies of tuning, for a particular
band, and in general if the series capacity
large the effect on the high frequencies is
small.

Now let us consider the broadcast band.
The modulator input coil has an induc-

tance of 230 microhenries, tuned by 0.00041
mfd., while the oscillator has an inductance
of 85 microhenries, and is tuned by a cir-
cuit consisting of 0.00041 mfd. and 0.00019
mfd., making the net result 0.00013 mfd.
The tap on the modulator coil is at about
one -eighth the total number of turns,
whether honeycomb coils are used, as will be
likely, or solenoids. The oscillator tap is
at about one -quarter the total number of
turns, and is not critical. Now, we find

HIGHER
TREND IN THAT DIRECTIC

DICTED COIL DATA F(

By F. W.

164 .65 6 22 85
1.1/CROVI5/E5

A short-wave receiver, using an intermediate frequency around 1,520 kc
are electron -coupled. Automatic volume control is included. The i-f co

the first short-wave band is covered by a
modulator coil of 26 microhenries inductance,
tapped at one -quarter the number of
turns. The companion oscillator coil has
an inductance of 22 microhenries, and the
padding condenser is the same as before,
0.00019 mfd., resulting in a net effective
capacity of 0.00013 mfd. The tap is at one -
quarter the total number of turns.

The inductance for the next band is 6.5
microhenries for the modulator, 6 micro -
henries for the oscillator ; for the next band,
the values are 1.6 microhenries for the mod-
ulator and 1.5 for the oscillator, while for
the last band both coils have the same in-
ductance, 0.4 microhenries. The taps on all
these coils are at center. The series ca-

pacity for reducing the ratio to 2 to 1 shout
be 0.000262 mfd., but a commercial valu,
of 0.00025 mfd. may be used.

The best way to wind these coils has no
been determined experimentally by the au
thor and therefore no details are given
although honeycomb coils are now beinl
used for the lower frequencies, and perhap
solenoids will be used for the higher ones
by winding the solenoids, with their fey
required turns, on the small diameter hul
or form on which the honeycombs ar
wound.

The idea suggested is that the honey
combs be wound on a 3i -inch diamete
dowel, placed one above the other, with th
lowest frequency (largest) coil on top, etc

Indication that the intelligence of radio
audiences is probably higher than the in-
telligence of the' whole population, and that
radio programs are probably pitched at too
low an intellectual level, is given in a report
Published by Professor Frank N. Freeman,
educational psychologist at the University of
Chicago, who recently conducted an intel-
ligence test by radio over an NBC chain.

Professor Freeman received 2,500 re-
sponses to his broadcast, in the form of
answers to the examination questions. Three-
ouarters of the entire group made scores
"representing superior ability," Professor
Freeman reports.

The test, based on Army and school in-
telligence tests, had the "average adult
ability" represented by the score 24. Dr.
Freeman found that the average score of the
whole group taking the radio test, ages 20
and above, was 32.

"This average is six points above aver-
age ability. and three points above the score
of 29, which represents superior ability,"
he states. "In fact, three-quarters of the
entire group made a score that was prac-

Listeners' Int
tically as high as the score of 29. Twenty
five per cent of the group made a score c
32 or above, which represents very superic
ability.

"The range of ages of persons taking th
test was from 6 to 80. I was surprised z.

the large number of papers sent in by olde
persons, and also at the high scores mad
by these older persons. As some psycholc
niQts think that mental ability decrease
sharply in the later years, this is encout
aging to some of us who are approachin
those years. The average score of persor
above fifty is exactly the same as that
the whole group of adults. Furthermor
the average score of seventeen persons wh
are 70 years of age or over is within or
Point of the average of the whole grou
There is only a fraction of a point different
between the scores made by men ar
women."

When these scores are interpreted in terr
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I. F. DUE
FOR SHORT WAVES PRE -
PRELIMINARY CIRCUIT

Hedges

245

e 58 modulator and 56 oscillator
ing the 2B7 diode is not tuned.

leaving the winding of the two highest fre-
piency coils on the hub as solenoids.

The data given are not intended for use
n connection with total shielding, although
'ome shielding evidently will be necessary,
is for instance a shield partition between
he two coils, but not too close to either of
hem. Such shielding would change the
nductance only a little. Total close shield-
ng would reduce it sharply.

In fact, one result of shielding was that
n tuning in around 20 and 30 meters there
as stoppage of oscillation below numerical
0 on the dial (higher frequencies than

'represented by 70) when the shield was on
Lthe oscillator coil, but oscillation prevailed

hen the shield was removed. The oscilla-

tor then was a tuned grid feedback type,
the usual inductive plate winding, but, the
Hartley proved a more reliable oscillator,
and therefore is shown.

The intermediate coils are easily wound or
obtained. If 1 -inch diameter forms are
used, 127 turns of No. 32 enamel wire may
be put on, with primaries wound over the
secondaries, primaries consisting of 30 turns
of any fine wire, with insulating fabric be-
tween the two windings. The condensers
tuning them may be regular shaft -type mid-
gets, with or without knobs, two such con-
densers are on a side wall of the chassis
and the third on the rear wall. Knobs
greatly facilitate adjustment.

It was found on hooking up the circuit
that there was audio -frequency feedback,
but this was cured by using a 0.1-meg. re-
sistor in the plate circuit of the 2B7, and
putting a condenser of 0.00024 mfd. from
plate to ground. Naturally, for this to be
effective the feedback had to be at a high
audio frequency, as indeed it was. As a
further stroke in the same direction, the
2B7 resistor may be made somewhat lower
than 0.1 meg.

Some radio -frequency oscillation in the
intermediate amplifier was encountered, but
this was found due to too low a screen
voltage, which was corrected by lowering
the limiting resistor for screens to the speci-
fied value, 0.05 meg. It was not clear why
the lower screen voltage should cause oscil-
lation, but it did just that.

Lining Up Intermediates
The problem of lining up the intermedi-

ate frequency without an oscillator will
arise, but as it is supposed one has local
stations at or near 1,450 to 1,500 kc, select
the highest frequency among these, and,
with oscillator tube removed from set, line
up the intermediates by putting the aerial
at plate of the modulator. The locals can
be tuned in, if of high enough frequency.
Of course the intermediate frequency will
be too low, but you will know approximately

iBence Rated
Df the well-known age -intelligence ratios,
used for persons under 18, they come out
as follows : Average intelligence for age
17, average score should be 23 points; for
16 years, 22 points, for 15 years, 21 points,
for 14 years, 18 points, for 13 years, 16
points, and for 12 years 13 points.

Eight persons taking the test scored a
'perfect 40, one of them a thirteen-year-old

irl. Each Question of the test required a
one -word answer. A typical Question is this,
pin a section on "opposites" in which the
stener was asked to write the fourth word

Hof a series : "Handle is to hammer as knob
to " the correct answer being

"door." Through comparing the test results
in a number of ways Dr. Freeman was able
to assure himself that the answers were
honestly written, and not looked up.

"It seems to be a common opinion that
the average intelligence of the radio audi-
trices is only as high as that of the thirteen -

or fourteen -year -old child. If this opinion
is wrong the programs are pitched too low.

"Our results suggest that the intelligence
of the radio audience is above the average
although, of course, they do not prove it."

Occupations listed by those who responded
to the test indicate that 26% of them were
in some profession, whereas in the whole
Population, according to the 13. S. census,
only 3.4% are in the professions. Commer-
cial occupations were listed by 39% of those
who reported, whereas only 16% of the
whole population are in commercial 'work.

"I am quite sure that there is a large
group of highly intelligent radio listeners,
and that it is advisable to keep this group in
mind in planning programs." Dr. Freeman
concludes.

A Federal Government pamphlet a few
years ago listed the average intelligence of
a radio listener as that of a thirteen -year -
old nerson.

Educational specialists, not connected with
the government, took complex topics as
samples and prepared talks on the 13 -year
plane to show what should be done.

where to line up, instead of being very far
off, and when the set is restored the two
intermediate condensers may be shifted to a
bit less capacity and when a weak short-
wave station is tuned in may be relined for
loudest reception of that station. The dis-
placement of the condenser' for the higher
frequency will amount to only one degree,
or at most a few degrees, so do not make
the intermediate frequency too high.

Making a Test Oscillator
Some sort of oscillator is needed for the

rest of the adjustments, and a broadcast -
band oscillator will suit the requirements.
It may be a simple regenerative one -tube
set of the grid -leak condenser type, with
standard broadcast coil used for constant
feedback, and the oscillator calibrated
against a broadcast receiver, and if need
be a curve drawn to ascertain frequencies
not directly obtained.

This test oscillator may be used on short
waves by its harmonics, which will yield,
say, 1,060 to 3,200 kc for the second har-
monics, 1,590 to 4,80p kc for the third har-
monics, etc. If instead of covering the
whole short-wave band, simply a 2 -to -1 fre-
quency ratio is desired, as that is sufficient
for a harmonic oscillator, then a 50 mmfd.
condenser junior may be used with an in-
ductance of 1.7 millihenries, which will
reach the lowest broadcast frequency at the
low frequency end and twice that frequency
at the high end of the test oscillator, or a
range of about 530 to 1,060 kc.

The receiver uses the switching system,
and for such purposes an excellent switch
must be used. However, a few are obtain-
able on the market, and they may be judged
in general by the positiveness and reliability
of their contacts, for when this consideration
is met the other requirements usually are
attended to by the manufacturer in good
fashion.

It may well be imagined that the audio
gain is very high. The reason is to boost
the sensitivity particularly on the weaker
stations, as the signal strength from weak,
distant stations, including foreign ones,
otherwise would not be great enough. It
is not to be compared with the signal
strength from broadcasting stations, except
the very remote ones.

The 2B7 has a very high gain pentode
as the amplifier in the same envelope as the
diode. The connection for the diode is that
of half -wave detection, as the both diode
plates are then paralleled, and the tube will
better stand any heavy voltage delivered to
the detector. The 2B7 feeds into a 56,
which is the driver for the push-pull out-
put stage, and while a large bypass capacity
is shown across the biasing resistor of the
56 audio. amplifier, if there is audio insta-
bility this condenser should be omitted.

The I. F. as a Signal Frequency
There are, as intimated, various prob-

lems connected with such a circuit, some of
which have been specified, and the remedies
given. However, one problem not mentioned
is that due to the intermediate frequency
being somewhere around 1,520 kc, so a sig-
nal frequency of the same value would re-
sult in a squeal, not in what might be
termed reception. Therefore it is advisable
to have the broadcast band go from its low
frequency extreme to no higher than 1,500
kc, and then have the first short-wave band
begin at 1,540 kc or thereabouts, thus skip-
ping the intermediate frequency, and some
surrounding frequencies, excluding them
from the possibility of reception.

If this is not desired, a wave trap may
be put permanently in the antenna circuit
to kill off virtually all response at 1,520 kc,
or if there is nothing usually receivable on
this frequency, remedies may be ignored, as
only a single squeal will result, and one
squeal in a super is not so bad.
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ANTENNA REMEDIES
SQUEAL ELIMINATION, LEVELLING OF CHARACTERIS-

TIC, AND IMPROVING SELECTIVITY

FIG. 1
C is an antenna
series condenser,
feeding directly
to the secondary.

FIG. 2
Here a primary
is used, and, C has
smaller detuning

effects.

THE antenna stage is more or less of
a perplexing problem, in that the se-
lectivity is greatly influenced by the

method of circuiting and treatment, the
antenna itself may have a detuning effect
difficult to compensate for, and even oc-
ciliation is governed to some extent by
the antenna input.

Some form of coupling is necessary be-
tween aerial and coil, and usually this
consists of the antenna capacity feeding
the primary of a transformer with carrier
voleage. However, the antenna may be
coupled to the grid of a tuned circuit by
a small condenser, omitting the primary,
as in Fig. 1, although if there is gang
tuning it will be almost impossible to
track the subsequent sections, as the
effect of the antenna capacity across the
tuned winding is large enough to be of
importance on the higher frequencies.
For instance, if the first stage is peaked
at a low frequency with the subsequent
stages the first section will tune off, be-
ginning at around 1,000 kc, so that at
1,500 kc it would be very seriously off,
perhaps 50 kc.

In a two -tuned -circuit system this
would be all right, if a manual trimming
condenser were put across the second
section of the tuning condenser.

Reduced Carrier Input
The series condenser should be small,

and in that sense 50 mmfd. is rather
large, though satisfactory as a rule. The
detuning trouble would not be reduced
enongh unless the series capacity were
around 10 mmfd.

Putting in a series condenser of such
low value as even 50 mmfd. (low in the
comparison to the antenna capacity it-
self), greatly reduces the input voltage,
but at about the same rate it increases
the selectivity. In fact, it is the simplest
way to increase selectivity, if the method
is consistent with a sufficient quantity of
sound in the final output. In high-powered
sets, including of course superheterodynes,
the method well may be used.

Because it increases selectivity ahead
of the modulator it is also a method of
reducing squeals in supers where such
squeals are caused by insufficient selec-
tivity ahead of the modulator.

By Thomas Parks

FIG. 3
LI is a large in-
ductance, C is a
small condenser

in this case.

FIG. 4
C tunes the pri-
mary to a lower
frequency than
the set's lowest.

The receiver will normally have a
former, that is, primary and secondary,
and then the detuning effect is decreased
by inserting the series condenser, because
the equivalent capacity across Vie pri-
mary is the net capacity resulting from
the prime antenna capacity (say, 0.0002
mfd.) and the series condenser (0.00005
mfd.), and the inductive coupling reflects
little capacity in the next winding. Thus
also the condition present in the following
circuits in the set is more closely ap-
proximated, where the capacity across a
primary is small.

Levelling Effect
In some instances, with receivers that

have effective automatic volume control,
the series condenser reduces the quantity
of sound at the output very little. When
noticed it is plainest regarding the lower
radio frequencies, considering the broad-
cast band.

The series condenser in the primary
circuit is illustrated in Fig. 2.

Sometimes the rising characteristic of
tuned radio frequency amplification
(greater amplification at higher frequen-
cies) is sought to be overcome, and a
rather even response attained. This may
be at least approximated by using a large
r -f choke coil as Li in Fig. 3, and coupling
to the primary again through a similar
small condenser as before. If the con-
denser is large the tuning of the tuned
circuit is upset and perhaps nullified.
Honeycomb coils of hundreds of turns
(though only about 1 inch total diameter)
normally would be used.

Another way to give the lower fre-
quencies a break is to have a large enough
primary, and tune it with a condenser, so
that, aerial capacity considered, the pri-
mary would resonate at some frequency
a little lower than the lowest frequency
tuned in by the set itself.

Both these methods of favoring the
lower radio frequencies make the set
seem less selective at these lower fre-
quencies, though actually the selectivity
is not reduced but the voltage input in-
creased. while the actual reduction in se-
lectivity takes place at the higher fre-
quencies. because of the equivalent
increased resistance in the tuned cir-

FIG. 5
R is a resistor to
stop oscillation.
It may be thou-
sands of ohms.

FIG. 6
The series choke
L does no good.
It only reduces
input by choking.

cuits at such higher frequencies. More-
over, another treatment of the antenna cir-
cuit consists in the introduction of a re-
sistor in parallel with the primary. Though
this is a parallel resistance of some thou-
sands of ohms, or perhaps even tens of
thousands of ohms, in any instance it is
equivalent to a much smaller series re-
sistance in the tuned circuit, and there is
a formula for determining the equivalent
series resistance.

Of course such resistance reduces se-
lectivity, but if a receiver oscillates at
the r -f level, the extra resistance will be
of benefit, instead of otherwise, since
absence of oscillation is consistent with
fine reception, and presence of oscillation
is inimical to any decent reception. If
there is any cross -modulation, however,
the antenna resistor remedy can not be
applied to correct squealing, without in-
creasing the crossmodulation. Thus with
24 or even perhaps 35 tubes in the first
stage the remedy would be inapplicable,
but with triodes, and the later remote cut-
off tubes, it could be used.

The stabilization by the parallel re-
sistor requires that a variable be used or
various fixed values tried, until the one is
found that stops oscillation. The variable
would he measured and a fixed resitsor of
that value introduced. The resistor should
be as high as practical, consistent with
attainment of the desired result.

Series Choke

Series chokes have been shown from
time to time, but they are of small use in
correcting troubles in receivers. They re-
duce the input too much, without any
compensating advantage. Thus if the
choke L in Fig. 6 is large enough it would
stop all radio frequencies from entering
the receiver, in the range of frequencies
a particular receiver is intended to cover.

It is obvious that various troubles
therefore can be cured at the antenna
stage. The reduced input due to a small
series condenser can well be stood by
nearly all of the latest type receivers
having six or more tubes. Often a prob-
lem arising in servicing a set can be cured
right at the antenna stage, by using some
of the remedies herewith proposed.
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EXPERIENCE
Reports on Short -Wave Sets

A GOOD MANY experimenters are build-
ing short-wave sets, and as I have built sev-
eral, I would like to report my experience,
as a guide to those who might like to follow
me and thus perhaps save themselves a good
deal of time, labor and some money.

Having tried both superheterodyne and
tuned ra,dio frequency -regenerative sets, I am
bound to report that I have been able to do
at least as well with the regenerative type,
with about half the number of tubes required
for a super.

Good results were obtained from supers,
too, but as the sensitivity can not be devel-
oper very far for short waves without run-
ning into the noise level, the advantage of
a superheterodyne for broadcast use does not
seem to me to apply to short waves. As for
selectivity, while a superheterodyne may sur-
pass a regenerative set, all the required se-
lectivity is obtained the simpler way. Be-
sides, the superheterodyne:s selectivity is non-
uniform to a more considerable degree be-
cause of the popularity of low intermediate
frequencies, where the difference between the
oscillator and modulator (signal) frequen-
cies soon becomes too insignificant to be wor-
thy of attention.

My set, that is, the one I prefer, has a
stage of t -r -f, a regenerative detector (57
tube), a 56 driver audio stage, and push-pull
2A3's as output. Greater sensitivity can be
attained with pentodes in the output (47,
2A5 or 59), but I have intimated that it
seems the better part of wisdom not to press
the sensitivity to the utmost.

The t -r -f stage should be shielded, as
should the detector stage, but the usual small
shields should be avoided. Also it is good
practice to make the shielding all-inclusive,
so that there is a shield bottom piece for
the chassis, and if possible a total shield
enclosure for the top of the chassis, besides
the individual coil and tube shielding there.
By taking these precautions there is little,
if any, danger of encountering radio -fre-
quency oscillation. On the very shortest

waves this oscillation otherwise might be
present.

If a super is to be used for short waves,
the double -tuned intermediate transformers
will be all right, but for still greater selec-
tivity to the point of sideband-cutting the
transformers with only one winding tuned
will be preferable. Next to the modulator
the plate circuit should be tuned, rather
than the following grid circuit, provided the
coupling is one-to-one, or at least not step-
down. In subsequent stages the grid circuits
are tuned, and only two stages may be used,
as the utmost, for the usual intermediate fre-
quencies. That is, there are three intermedi-
ate coils.

I have tried a high intermediate frequency,
which in theory should be preferable for a
short-wave superheterodyne (1,520 kc as a
starter), and at first with even one stage
there was terrific oscillation and primaries
had to be reduced to 20 turns wound over
the secondaries. When two stages were tried
the primaries had to be reduced to 12 turns.
I believe that high -intermediate -frequency
superheterodynes have possibilities, and when
the i-f amplifier is stabilized there is no
more noise than if the i-f were much lower,
say, 450 kc or thereabouts. I can not quite
see any advantage in a short-wave super-
heterodyne if the intermediate frequency is
as low as 175 kc.

ADAM BRADWORTH,
San Antonio, Tex.

* * *

His Portable a Success
CONSTRUCTORS should notice that

now there are two different kinds of seven -
hole sockets, one of the medium size, as
for the 59 and 53 (the new twin Class B
amplifier tube) and the other of the small
size, for the 2A7, 6A7, 2B7 and 6B7. The
tubes and sockets are not interchangeable,
although a socket has just come out, for
tester construction, that takes both of the
seven -pin types in the same receptable, by
a special arrangement.

J. J. WORK,
Spokane, Wash.

World Field Day a Success
Hartford, Conn.

An international experiment in emer-
gency amateur radio communication was
performed recently when members of the
American Radio Relay League, the Radio
Society of Great Britain, - the Reseau
Beige, the Nederlandsche Vereeniging
voor Internationaal Radioamateurisme,
and other national amateur radio societies
held an international field day.

Taking complete portable radio stations
into the field, hundreds of them in every
state and province of the United States
and Canada alone, these amateurs set up
their equipment and established reliable
inter -communication in a manner to do
credit to any organized communications
system.

Certain of the operators contacted as
many as fifty other stations. Nearly all
were using very low power, from one to
fifty watts. Even the highest power is
less than one -thousandth of the amount
used by high-powered broadcasting sta-
tions. A great proportion of the equip-
ment was designed to be capable of oper-
ation without power from the electric
lines ; in time of emergency this feature
would be invaluable.

The great bulk of the work occurred
on the amateur 3,500-4,000 kilocycle band,
said F. E. Handy, communications man-
ager of the American Radio Relay

League, at the national headquarters here,
although there was nearly equal interest
in the newly developed 56-60 megacycle,
or five meter, band. The most sensational
work was accomplished in the neighbor-
hood (4 7,000 kc, or 40 meters.

Amateurs Thriving;
Books Selling Well

Hartford, Conn.
In keeping with the unparalleled growth

of amateur radio during the past four
years, the sales records of the newly
announced publications of the American
Radio Relay League, "The Radio Ama-
teur's License Manual," and "Hints &
Kinks for the Radio Amateur," uphold
the record -breaking tradition established
by previous books in their series.

Announced approximately one month
ago, the "License Manual" has already
sold over 2,000 copies. The market for
this publication, which covers the entire
field of obtaining any one of the several
kinds of amateur licenses issued by the
Federal Radio Commission, consists of
new amateurs and those seeking to enter
amateur radiotelephony on restricted
bands.

Studio Notes
Who said that One -Eye Connolly had

"retired"?
He crashed the gate at NBC Times

Square Studio to see Ed Wynn's last
broadcast for the season, and Graham
McNamee was the unwitting accomplice.

McNamee arrived at the studio with a
suit case.

"Carry your bag, Mr. McNamee? No
charge," a man offered. McNamee handed
over the bag and they went on up.

Once safely inside the studio the volun-
teer red cap deposited the bag on the
floor and refused to carry it further. He
thereupon introduced himself to Mc-
Namee. Much amused by the deception,
the announcer took the world's champion
gate-crasher back stage, introduced him
to Ed Wynn and later fixed him up in a
box seat for the show.

* * *

Russell Johns, lyric baritone heard
weekly over a network, was born in
Chillicothe, Ohio, also the home town of
Clyde Beatty/ the animal trainer. The
two were boyhood chums and classmates
in school. Johns says he cannot under-
stand how Beatty came to go into lion -
taming unless it was their eighth grade
teacher who "inspired" him.

* * *

Frederic William Wile, Columbia politi-
cal analyst at Washington, expresses a
preference for the boisterous "Of Thee I
Sing, Baby," from the political satire of
that name. Colonel Stoopnagle registers
a fondness for "Without a Song," which
may be his actual preference or just a
humorous implication. Edwin C. Hill and
the Street Singer are both rooters for
"01' Man River." Will Osborne is swept
away by the strains of "Stormy Weather."
Mildred Bailey, Columbia's glorifier of the
blues, votes appropriately for "St. Louis
Blues." Irvin S., Cobb reported "Swing
Low, Sweet Chariot" is his choice.
Freddie Rich's favorite is a selection from
a bygone musical comedy hit, "Oh, Kay,"
entitled "Someone to Watch Over Me."
Andre Kostelanetz declares allegiance to
"Dancing in the Dark." Gypsy Nina
votes for "Honey, Take a Look at Me."
The "Night and Day" pluggers include
Fred Feibel, organist, Gertrude Niesen
and Irving Kaufman.

Strictly Commercial
R. L. Watkins Co., sponsor of Lyons

tooth powder, is all set for its new broad-
casting contract with National Broadcast-
ing Co. Practically the same program
will be used as under the old contractjust expiring. The new deal starts early
this month.

* * *

NBC has received a protest from St.Louis regarding a certain program, as
local medical men do not like the idea
as presented commercially, and it is prob-
able that Station KSD in St. Louis has
dropped this program for good.

* * *
A big new beer program for NBC is

about ready to be signed and it is saidto represent the biggest money venture
of its kind since the beer barons havebeen able to go after business via theether.

* * *
Columbia Broadcasting System recentlysigned a substantial contract with the

Household Finance Corporation, the pro-
grams to be broadcast from Chicago.

* * *

The new Amalgamated Broadcasting
System is said to be signing 'em up sofast that the other chains are taking
sharp notice of what is going on. ABS
was not considered a very important busi-
ness proposition when Ed Wynn and his
associates first announced their plans.
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New Pick-up Tube Puts
Television Well Forward
Chicago.

ASCANNING system that brings tele-
vision near to commercial practical-
ity, with reproduction on a par with

that of home movies, was described before
the Institude of Radio Engineers at its con-
vention here by Dr. Vladimir K. Zwory-
kin, of the RCA -Victor Company's labora-
tories, Camden, N. J. Dr. Zworykin, noted
television specialist, spent eight years on
the system while with Westinghouse
Electric & Manufacturing Co. and the
past two years on it while with RCA -
Victor.

He explained that the main feature of
transmitting under the new system is the
pickup equipment for converting the
image into radio signals without the use
of mechanical or moving parts, adding
that this involves a new system that
greatly increases the output.

Image Retention Increased
Whereas disc systems, using good opti-

cal methods, deliver only 60 electrons
during the period the picture point is
active on the photo -electric cell, the
Zworykin method produces 420,000 elec-
trons, due to the 7,000 times greater
duration. He explained this duration has
been achieved in practice, but that it is
theoretically possible to increase the pres-
ent result ten -fold by still longer reten-
tion of the image by the cell.

However, in the new method the ordi-
nary photo -electric cell is not used, but
a mica sheet in a cathode ray oscillograph
tube is treated in a secret manner to con-
stitute 3,000,000 photo -electric cells, and
the picture acts on the cell structure all
the time.

The transmitting device is called the
iconoscope, meaning "image observer."

The receiving device is also a cathode
ray tube, but with a fluorescent screen
instead of the cell structure, and is called
a kinescope, or "motion observer."

At present the image is 4 square inches
and the pictures are divided into 250 ele-
ments per scanning inch, or a total of
250 x 4, equalling 1,000 elements. The
size of the spot or crater of the beam
should be 1/125th of an inch, or 0.008 inch.

The two counterparts of the system
have been likened to the human optical
system, representing the pick-up and
transmitter, and the human brain, repre-

New Tubes

senting the receiver, while the greatly
increased rentitivity has been referred to
as "memory." The photo -cell arrangement
is in some respects more sensitive than
the human eye, because it responds to
higher frequencies, including ultra -violet
and infra -red, which are in the human
eye's invisible spectrum.

New Tubes Under Way

The intention is to develop the system
for use on a high carrier frequency,
around 50 megacycles (6 meters) to avoid
interference with existing radio transmis-
sions, and also meet television require-
ments for a wide modulation band width
to insure picture quality.

In connection with this new tubes are
being developed, much smaller in size
than those in broadcast sets, so that 50
megacycles may be amplified even at
radio frequencies, at present impossible
with the standard tubes. The icono-
scope, or transmitting system, makes pos-
sible satisfactory amplification, because of
the high quantity of output, whereas
under present methods the signal hasn't
much more vigor than the inherent noises
in an amplifier, so that amplification is
limited.

The kinescope, or receiving system, was
announced four years ago and at that
time it was predicted a tube scanning
method would be the one actually to be
generally used when television reached a
stage near to war-
rant commercialization. Since then vari-
ous improvements have been made, but
the system of reception remains the same
in principle, while the transmitting im-
provement yields more light, and thus
tends to overcome one of the objections
raised by others to the oscillographic
scanner, that there was not enough light
to permit magnification to projection
size, as otherwise the size of the picture
was limited to the size of the fluorescent
screen, or the lamp would have to be
several times larger than the picture.

Another objection raised to the oscillo-
graphic scanner has been that it produces
saw -tooth instead of sine -wave scanning,
that is, distorts somewhat, but one of the
recent improvements is said to concern
that factor. A third objection was that
the voltages required were very large and

Developed
for Ultra Frequencies

Chicago.
Special tubes have been developed for

high radio -frequency work, including the
ultra frequencies. They were described
at the convention of the Institute of
Radio Engineers by G. M. Rose, Jr., and
B. J. Thompson, of the RCA Radiotron
Company, Inc. The tubes are triodes,
quadrodes and pentodes. Using standard
circuits, screen -grid tubes provided am-
plification to 60 centimeters, or a wave-
length of about 23.6 inches.

The tubes have been worked success-
fully in tuned radio frequency amplifica-
tion at around 6 meters, where t.r.f.
hitherto had not been possible, except
with very special, tubes rather experi-
mental in nature. The new tubes will be
much smaller than the ones now used
in broadcast sets, and the capacity be-

tween the elements will be a small frac-
tion of that existing in present tubes.
Nevertheless, the mutual conductance and
amplification factor will be high, and eie
per -stage gain at around 100 centimeters,
in a t.r.f. system, would be around 4,
although perhaps only one t.r.f. stage
would be practical for the present. At
the lower frequencies, around 50 mega-
cycles (6 meters), two stages could be
worked, perhaps more.

The triodes are used principally as
oscillators and the screen grid tubes as
amplifiers and 'detectors. The triode at
120 volts on the plate draws 3 milliam-
peres in a 30 -centimeter oscillator.

Dr. Vladimir Zworykin's electrical
scanning system will use such tubes asadjuncts for amplification, and possibly
oscillation.

might be considered dangerous to life,
but that has been given attention, also.

Much Is Kept Secret
While the fundamental theory and prin-

ciples have been revealed, much concern-
ing the combination transmission -recep-
tion system as developed by Dr. Zworykin
is being kept secret. However, it seems
a clear inference that the transmitter
comprises a pickup system consisting of
a cathode ray tube in which there is a
movie camera lens and that the action is
as fast and as- clear as that in the
movies, the rentitivity resulting in the
equivalent of a complete picture in one
twenty-fourth of a second, as in the
movies, while at the receiving end per-
sistence of vision creates the illusion of
motion.

The image cast on the multi -photo-
electric screen of the pickup system is
transformed into electrical impulses, and
these are emitted at the radio transmis-
sion frequency, around 50 megacycles.
Hence it is assumed that there are intro-
duced into the tube the following : vision
frequencies, a polarizing voltage and a
radio -frequency of the intended frequency
of carrier frequency, so that the tube is
also a modulator.

Dr. Zworykin's Explanation
Dr. Zworykin explained fo the conven-

tion :
"The main feature of the iconoscope

is a transmitting or pick-up equipment
which converts the image into radio sig-
nals also without requiring the use of
moving mechanical parts. This involves
a special new principle, which gives more
electrical output for transmission. In
ordinary television systems every point
of the picture acts on a photo -electric cell
for a very short duration of time. This
time is of the order of one 1,500,000th
part of a second, or one second divided
by 1,500,000. This duration is only
obtained in the case of very good pic-
tures.

"During this period a photo -cell of the
highest sensitivity will deliver only sixty
electrons to the amplifiers, an amount so
small that good amplification is impos-
sible. In the iconoscope the picture acts
on a photo -electric cell all the time, and
there is provision in the structure which
collects the energy of the light, or, so to
speak, memorizes it, and then transmits
it, point by point, twenty-four times per
second.

"This involves a new principle of stor-
ing electrical energy, which may be called
the 'electrical memory'

"Thus it can be seen that the amount
of energy stored' or 'memorized' in the
new photo -cell is, as compared with the
old system, in the ratio of one divided by
twenty-four as against one divided by
1,500,000, a 'memory' 70,000 times greater.
At present, however, we are able to
obtain only 10 per cent efficiency, or 7,000
times increase of output from the picture
possible with the disc -scanner under
identical conditions.

Electric Switch
"The means which makes this possible

is the use of the cathode ray beam, which
acts as a sort of electrical switch, con-
necting the 3,000,000 individual photo -cells
in the iconoscope with the radio trans-
mitter. At the present time the develop-
ment is at such a point -that it can per-
form substantially in the same manner as
a motion picture camera, which also ex-
poses twenty-four images per second."
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Ohm's Law
WILL YOU GIVE, once more, a concise

statement of Ohm's law for direct current?
I would like to have this before me in brief
form. I am a schoolboy.-E. L.

Ohm's law relates current, voltage and
resistance. The current in amperes is equal
to the voltage in volts divided by the resist-
ance in ohms. The voltage in volts equals
the resistance in ohms multiplied by the cur-
rent in amperes. The resistance in ohms
equals the voltage in volts divided by the
current in amperes. Where fractional values
are treated it is usual to express them in
their decimal forms, that. is, one -tenth am-
pere would be 0.1 ampere, and one one -thou-
sandth of an ampere as 0.0001 amyere. One
of the first things one should learnt about
electricity is Ohm's law for direct currents.
If y6u will work out a few examples you
will soon becQme familiar with the three
forms of the law and then will need no
printed reminder.

* * *

Where to Put Volume Control
IS THERE any decided advantage in one

form of volume control as against another?
I have been used to putting the control ahead
of the detector, but I find more more
circuits have the control in the audio am-
plifier.-P. 0.

The type of volume control and its place-
ment will depend considerably on receiver
design. Thus, if the detector (or second
detector in superheterodynes) is fully pro-
tected from danger of overload, it is permis-
sible to put the control in the audio channel,
although this should be done in a manner
not to constitute change in volume a con-
trol of tone as well. One advantage of such
location is the avoidance of detuning effects,
otherwise inevitably present. However, in a
superheterodyne these would not be serious
in the intermediate amplifier. Grid bias vari-
ants have shown detuning to as much as 20
kc for the controlled circuit near the high
frequency end of the broadcast band. Theo-
retically at least, the volume control should
be a gain control and an input control, be-
cause the amount of gain should be cut down
to reduce the noise, and the amount of signal
input cut down to prevent cross -modulation
and overloads of other types. So compound
controls are sometimes used. There is no
altogether satisfactory volume control, so
far as we know, and most engineers must
feel mildly stumped when they come to the
control feature. Perhaps the day will come
when constant output tubes will be developed,
so that one may make a permanent setting,
and the volume will come up to that in
nearly all instances, at least will not exceed
the predetermined value. A close approxima-
tion to this could be made with the present
duo -diode tubes, using the rectifier for auxil-
iary biasing of each tube (automatic volume
control), and the amplifier section (whether
triode, quadrode or pentode) for gain. How-
ever, the circuit would be awkward, and no
doubt the constant output tube will see the
light of day some time.

* * *

Radio and Electricity
DO YOU BELIEVE that radio has made

any vitally important addition to the knowl-

edge of electricity, and is that knowledge
in a definite form now ?-T. H.

Radio can not be said to have contributed
anything vital to the fundamental knowledge
of electricity, as the electron theory, that
lifted knowledge of electricity from a hazy
plane to one of sense and nuderstanding, was
known long before radio became practical.
At present other aspects of electricity are
yielding to human research, and we know
the electron, positron, neutron and, accord-
ing to Compton, may expect some new di-
visibility. Knowledge of electricity is still in
a formative state, though much advanced
over that of half a, century ago, when pupils
were taught that electricity was a fluid, be-
cause it flowed through a circuit. Now we
know that electricity is the phenomenon of
electron action, and that the electron, or
negative particle, is in a state of orbital
motion. Thus the old idea of flow of elec-
tricity is supplanted by the realization of
the bombardment of atoms and the drift of
electrons. These electrons are agitated by
electromotive force, i.e., voltage, and the in-
tensity of the bombardment, the constitution
of the mass, and other considerations, affect
the net drift. The electron theory can not
be regarded as a theory any more. Radio
is a branch of physics, as is electricity, but
physical branches intertwine so much that
demarcation is not so easy. Radio's great
contribution may be regarded as one toward
the means of using electricity, rather than
vital contribution to the understanding of
electricity. The phenomenon of tuning was
derived exclusively from radio, though now
used in various branches of electrical work.
The vacuum tube still remains the supreme
radio contribution to electrical use. These
matters are largely ones of opinion; hence
debatable.

* * *

Wire for Short Waves
FOR SHORT-WAVE wiring, is it de-

sirable to use extra -heavy wire for grid and
plate leads, rather than thinner wire? Is it a
fact that losses should be kept as low as
possible, despite regeneration?-T. H. D.

It is not necessary to use awkwardly thick
wire for the leads you mention. No. 18 or
equivalent is sufficient. Especially is this
true since the coils themselves hardly would
be wound of coarser wire. It is assumed that
you refer to frequencies no higher than 30
megacycles. For ultra frequencies thicker
wire should be used, say, No. 14, 12, or even
3A -inch diameter hollow copper tubing. The
circuit losses should be kept as low as pos-
sible, and regeneration should not be relied
on to come to the rescue, because, strangely
enough, the results are better with a low -
loss circuit, using regeneration, than with
the other type, where regeneration is also
included. This does not seem consistent,
since regeneration may be expressed as a
state of negative resistance, and it would
seem therefore that all r -f resistance has
been overcome. Another consideration is
that in short-wave reception the frequency
range to be covered is enormously wide, and
the so-called regenerative circuit may be-
come non -regenerative at the higher fre-
quencies unless due precaution is taken to
constitute the circuit losses as low as prac-
tical. As a general rule, the simplest re-
generative circuits work best, and that means

A THOUGHT FOR THE WEEK
MONTAGUE GLASS, of Potash and

Perlmutter fame, has joined the liter-
ary folk of the air. He will be in good
company, for he follows Booth Tarkington,
Octavos Roy Cohen and Zona Gale, who
already have been able to prove that there
is room and opportunity at the microphone
for our distinctly American writers. Mr.
Glass has made a fortune from his Potash
and Perlmutter stories and plays. At one
time these two characters were outstanding
on our stage and in our periodicals and there
is no reason why Abe and Mawruss should
not come to life again through the medium
of radio. They are first cousins of the Gold -
bergs, albeit they are low comedy types and
their philosophy is boisterous rather than
deep throated-but their humanity is easily
understood by all races.

circuits with the fewest parts and most sensi-
ble layout. A great deal more depends on
the layouf than most short-wave enthusiasts
realize.

* * *

Directional Aerial?
I HAVE a roof aerial, about 10 feet above

the tin, and it is 40 feet long. Also I live on
the second floor of a six -story house in New
York City, so the lead-in, straight up and
down, is 36 feet, and the horizontal portion,
from window to set, is three feet. Is this
aerial essentially directional, since it points
in a certain directon on the roof ? The
lead-jn is taken from the high end (the aerial
slants about 20 degrees, and the 10 -foot
height is the lowest point).-M. H.

The aerial is not essentially directional,
particularly as the principal component of
the aerial is the downleasl, which picks up -
more than does the horizontal portion on
the roof. Vertical antennas are not direc-
tional.

* * *

The 6A7 Tube
PLEASE give me some directions for use

of the 6A7 pentagrid tube in an automobile
receiver. I. D.

This tube has the usual 6.3 -volt heater,
uses a seven -hole socket, and is connected as
is its a -c counterpart for 2.5 volts, the 2A7.
The overhead grid should be biased minus
3 volts. This is the modulator control grid,
numerically 4. Up to 250 volts may be used
on the plate and 100 volts on the screen. The
plate resistance is very high, 0.3 meg., and
therefore if an intermediate frequency trans-
former is used that has only one winding
tuned, that winding preferably should be in
the plate circuit of the modulator.

* * *

Wants Infallible Remedies
MY SET hums too much. There are a

30 -henry choke in the B filter and two 8
mfd. at each end. Also, when the set is
turned on the wet electrolytic condensers
make a boiling sound. This disappears as
soon as the signal is audible. The set fades
on distant stations. There is some squealing
at the high frequency end. Please give me
unfailing correctives.-A. W.

The hum may be reduced by putting 8
mfd. more next to the rectifier. The B volt-
age at the output will go up a little also.
The electrolytic condensers "boil" because
the voltage is too high at the start. You
probably have a heater type output tube (or
two such tubes), so the B current does not
drain the rectifier at once, only after the
heaters have warmed up. Put a bleeder
reistor from rectifier filament to B minus,
around 15,000 ohms, 15 watts. Then the B
current will be large at the start, consequent
B voltage lower, and condensers won't "boil."
Fading on distant stations is to be expected,
and automatic volume control would not be a
complete cure by any means. Squealing can
be corrected by using parallel resistance in
tuned circuits, thousands of ohms, or series
resistance, tens of ohms. Infallibility is
easy to ask but hard to achieve.
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New Pick-up Tube Puts
Television Well Forward
Chicago.

ASCANNING system that brings tele-
vision near to commercial practical-
ity, with reproduction on a par with

that of home movies, was described before
the Institude of Radio Engineers at its con-
vention here by Dr. Vladimir K. Zwory-
kin, of the RCA -Victor Company's labora-
tories, Camden, N. J. Dr. Zworykin, noted
television specialist, spent eight years on
the system while with Westinghouse
Electric & Manufacturing Co. and the
past two years on it while with RCA -
Victor.

He explained that the main feature of
transmitting under the new system is the
pickup equipment for converting the
image into radio signals without the use
of mechanical or moving parts, adding
that this involves a new system that
greatly increases the output.

Image Retention Increased
Whereas disc systems, using good opti-

cal methods, deliver only 60 electrons
during the period the picture point is
active on the photo -electric cell, the
Zworykin method produces 420,000 elec-
trons, due to the 7,000 times greater
duration. He explained this duration has
been achieved in practice, but that it is
theoretically possible to increase the pres-
ent result ten -fold by still longer reten-
tion of the image by the cell.

However, in the new method the ordi-
nary photo -electric cell is not used, but
a mica sheet cathode ray oscillograph
tube is treated in a secret manner to con-
stitute 3,000,000 photo -electric cells, and
the picture acts on the cell structure all
the time.

The transmitting device is called the
iconoscope, meaning "image observer."

The receiving device is also a cathode
ray tube, but with a fluorescent screen
instead of the cell structure, and is called
a kinescope, or "motion observer."

At present the image is 4 square inches
and the pictures are divided into 250 ele-
ments per scanning inch, or a total of
250 x 4, equalling 1,000 elements. The
.size of the spot or crater of the beam
should be 1/125th of an inch, or 0.008 inch.

The two counterparts of the system
have been likened to the human optical
system, representing the pick-up and
transmitter, and the human brain, repre-

senting the receiver, while the greatly
increased rentitivity has been referred to
as "memory." The photo -cell arrangement
is in some respects more sensitive than
the human eye, because it responds to
higher frequencies, including ultra -violet
and infra -red, which are in the human
eye's invisible spectrum.

New Tubes Under Way

The intention is to develop the system
for use on a high carrier frequency,
around 50 megacycles (6 meters) to avoid
interference with existing radio transmis-
sions, and also meet television require-
ments for a wide modulation band width
to insure picture quality.

In connection with this new tubes are
being developed, much smaller in size
than those in broadcast sets, so that 50
megacycles may be amplified even at
radio frequencies, at present impossible
with the standard tubes. The icono-
scope, or transmitting system, makes pos-
sible satisfactory amplification, because of
the high quantity of output, whereas
under present methods the signal hasn't
much more vigor than the inherent noises
in an amplifier, so that amplification is
limited.

The kinescope, or receiving system, was
announced four years ago and at that
time it was predicted a tube scanning
method would be the one actually to be
generally used when television reached a

enough to perfection to war-
rant commercialization. Since then vari-
ous improvements have been made, but
the system of reception remains the same
in principle, while the transmitting im-
provement yields more light, and thus
tends to overcome one of the objections
raised by others to the oscillographic
scanner, that there was not enough light
to permit magnification to projection
size, as otherwise the size of the picture
was limited to the size of the fluorescent
screen, or the lamp would have to be
several times larger than the picture.

Another objection raised to the oscillo-
graphic scanner has been that it produces
saw -tooth instead of sine -wave scanning,
that is, distorts somewhat, but one of the
recent improvements is said to concern
that factor. A third objection was that
the voltages required were very large and

New Tubes Developed
for Ultra Frequencies

Chicago.
Special tubes have been developed for

high radio-freauency work, including the
ultra frequencies. They were described
at the convention of the Institute of
Radio Engineers by G. M. Rose, Jr., and
B. J. Thompson, of the RCA Radiotron
Company, Inc. The tubes are triodes,
quadrodes and pentodes. Using standard
circuits, screen -grid tubes provided am-
plification to 60 centimeters, or a wave-
length of about 23.6 inches.

The tubes have been worked success-
fully in tuned radio frequency amplifica-
tion at around 6 meters, where t.r.f.
hitherto had not been possible, except
with very special tubes rather experi-
mental in nature. The new tubes will be
much smaller than the ones now used
in broadcast sets, and the capacity be-

tween the elements will be a small frac-
tion of that existing in present tubes.
Nevertheless, the mutual conductance and
amplification factor will be high, and the
per -stage gain at around 100 centimeters,
in a t.r.f. system, would be around 4,
although perhaps only one t.r.f. stage
would be practical for the present. At
the lower frequencies, around 50 mega-
cycles (6 meters), two stages could be
worked, perhaps more.

The triodes are used principally as
oscillators and the screen grid tubes as
amplifiers and 'detectors. The triode at
120 volts on the plate draws 3 milliam-
peres in a 30 -centimeter oscillator.

Dr. Vladimir Zworykin's electrical
scanning system will use such tubes asadjuncts for amplification, and possibly
oscillation.

might be considered dangerous to life,
but that has been given attention, also.

Much Is Kept Secret
While the fundamental theory and prin-

ciples have been revealed, much concern-
ing the combination transmission -recep-
tion system as developed by Dr. Zworykin
is being kept secret. However, it seems
a clear inference that the transmitter
comprises a pickup system consisting of
a cathode ray tube in which there is a
movie camera lens and that the action is
as fast and as clear as that in the
movies, the rentitivity resulting in the
equivalent of a complete picture in one
twenty-fourth of a second, as in the
movies, while at the receiving end per-
sistence of vision creates the illusion of
motion.

The image cast on the multi -photo-
electric screen of the pickup system is
transformed into electrical impulses, and
these are emitted at the radio transmis-
sion frequency, around 50 megacycles.
Hence it is assumed that there are intro-
duced into the tube the following : vision
frequencies, a polarizing voltage and a
radio -frequency of the intended frequency
of carrier frequency, so that the tube is
also a modulator.

Dr. Zworykin's Explanation
Dr. Zworykin explained do the conven-

tion :
"The main feature of the iconoscope

is a transmitting or pick-up equipment
which converts the image into radio sig-
nals also without requiring the use of
moving mechanical parts. This involves
a special new principle, which gives more
electrical output for transmission. In
ordinary television systems every point
of the picture acts on a photo -electric cell
for a very short duration of time. This
time is of the order of one 1,500,000th
part of a second, or one second divided
by 1,500,000. This duration is only
obtained in the case of very good pic-
tures.

"During this period a photo -cell of the
highest sensitivity will deliver only sixty
electrons to the amplifiers, an amount so
small that good amplification is impos-
sible. In the iconoscope the picture acts
on a photo -electric cell all the time, and
there is provision in the structure which
collects the energy of the light, or, so to
speak, memorizes it, and then transmits
it, point by point, twenty-four times per
second.

"This involves a new principle of stor-
ing electrical energy, which may be called
the 'electrical memory'

"Thus it can be seen that the amount
of energy stored or 'memorized' in the
new photo -cell is, as compared with the
old system, in the ratio of one divided by
twenty-four as against one divided by
1,500,000, a 'memory' 70,000 times greater.
At present, however, we are able to
obtain only 10 per cent efficiency, or 7,000
times increase of output from the picture
possible with the disc -scanner under
identical conditions.

Electric Switch
"The means which makes this possible

is the use of the cathode ray beam, which
acts as a sort of electrical switch, con-
necting the 3,000,000 individual photo -cells
in the iconoscope with the radio trans-
mitter. At the present time the develop-
ment is at such a point that it can per-
form substantially in the same manner as
a motion picture camera, which also ex-
poses twenty-four images per second."
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Ohm's Law
WILL YOU GIVE, once more, a concise

statement of Ohm's law for direct current?
I would like to have this before me in brief
form.. I am a schoolboy.-E. L.

Ohm's law relates current, voltage and
resistance. The current in amperes is equal
to the voltage in volts divided by the resist-
ance in ohms. The voltage in volts equals
the resistance in ohms multiplied by the cur-
rent in amperes. The resistance in ohms
equals the voltage in volts divided by the
current in amperes. Where fractional values
are treated it is usual to express them in
their decimal forms, that is, one -tenth am-
pere would be 0.1 ampere, and one one -thou-
sandth of an ampere as 0.0001 ampere. One
of the first things one should learn about
electricity is Ohm's law for direct currents.
If y6u will work out a few examples you
will soon becQme familiar with the three
forms of the law and then will need no
printed reminder.

* * *

Where to Put Volume Control
IS THERE any decided advantage in one

form of volume control as against another?
I have been used to putting the control ahead
of the detector, but I find more and more
circuits have the control in the audio am-
plifier.-P. 0.

The type of volume control and its place-
ment will depend considerably on receiver
design. Thus, if the detector (or second
detector in superheterodynes) is fully pro-
tected from danger of overload, it is permis-
sible to put the control in the audio channel,
although this should be done in a manner
not to constitute change in volume a con-
trol of tone as well. One advantage of such
location is the avoidance of detuning effects,
otherwise inevitably present. However, in a
superheterodyne these would not be serious
in the intermediate amplifier. Grid bias vari-
ants have shown detuning to as much as 20
kc for the controlled circuit near the high
frequency end of the broadcast band. Theo-
retically at least, the volume control should
be a gain control and an input control, be-
cause the amount of gain should be cut down
to reduce the noise, and the amount of signal
input cut down to prevent cross -modulation
and overloads of other types.. So compound
controls are sometimes used. There is no
altogether satisfactory volume control, so
far as we know, and most engineers must
feel mildly stumped when they come to the
control feature. Perhaps the day will come
when constant output tubes will be developed,
so that one may make a permanent setting,
and the volume will come up to that in
nearly all instances, at least will not exceed
the predetermined value. A close approxima-
tion to this could be made with the present
duo -diode tubes, using the rectifier for auxil-
iary biasing of each tube (automatic volume
control), and the amplifier section (whether
triode, quadrode or pentode) for gain. How-
ever, the circuit would be awkward, and no
doubt the constant output tube will see the
light of day some time.

* * *

Radio and Electricity
DO YOU BELIEVE that radio has made

any vitally important addition to the knowl-

edge of electricity, and is that knowledge
in a definite form now ?-T. H.

Radio can not be said to have contributed
anything vital to the fundamental knowledge
of electricity, as the electron theory, that
lifted knowledge of electricity from a hazy
plane to one of sense and nuderstanding, was
known long before radio became practical.
At present other aspects of electricity are
yielding to human research, and we know
the electron, positron, neutron and, accord-
ing to Compton, may expect some new di-
visibility. Knowledge of electricity is still in
a formative state, though much advanced
over that of half a, century ago, when pupils
were taught that electricity was a fluid, be-
cause it flowed through a circuit. Now we
know that electricity is the phenomenon of
electron action, and that the electron, or
negative particle, is in a state of orbital
motion. Thus the old idea of flow of elec-
tricity is supplanted by the realization of
the bombardment of atoms and the drift of
electrons. These electrons are agitated by
electromotive force, i.e., voltage, and the in-
tensity of the bombardment, the constitution
of the mass, and other considerations, affect
the net drift. The electron theory can not
be regarded as a theory any more. Radio
is a branch of physics, as is electricity, but
physical branches intertwine so much that
demarcation is not so easy. Radio's great
contribution may be regarded as one toward
the means of using electricity, rather than
vital contribution to the understanding of
electricity. The phenomenon of tuning was
derived exclusively from radio, though now
used in various branches of electrical work.
The vacuum tube still remains the supreme
radio contribution to electrical use. These
matters are largely ones of opinion; hence
debatable.

* * *

Wire for Short Waves
FOR SHORT-WAVE wiring, is it de-

sirable to use extra -heavy wire for grid and
plate leads, rather than thinner wire? Is it a
fact that losses should be kept as low as
possible, despite regeneration ?-T. H. D.

It is not necessary to use awkwardly thick
wire for the leads you mention. No. 18 or
equivalent is sufficient. Especially is this
true since the coils themselves hardly would
be wound of coarser wire. It is assumed that
you refer to frequencies no higher than 30
megacycles. For ultra frequencies thicker
wire should be used, say, No. 14, 12, or even
3A -inch diameter hollow copper tubing. The
circuit losses should be kept as low as pos-
sible, and regeneration should not be relied
on to come to the rescue, because, strangely
enough, the results are better with a low -
loss circuit, using regeneration, than with
the other type, where regeneration is also
included. This does not seem consistent,
since regeneration may be expressed as a
state of negative resistance, and it would
seem therefore that all r -f resistance has
been overcome. Another consideration is
that in short-wave reception the frequency
range to be covered is enormously wide, and
the so-called regenerative circuit may be-
come non -regenerative at the higher fre-
quencies unless due precaution is taken to
constitute the circuit losses as low as prac-
tical. As a general rule, the simplest re-
generative circuits work best, and that means

A THOUGHT FOR THE WEEK
ONTAGUE GLASS, of Potash and
Perlmutter fame, has joined the liter-

ary folk of the air. He will be in good
company, for he follows Booth Tarkington,
Octavos Roy Cohen and Zona Gale, who
already have been able to prove that there
is room and opportunity at the microphone
for our distinctly American writers. Mr.
Glass has made a fortune from his Potash
and Perlmutter stories and plays. At one
time these two characters were outstanding
on, our stage and in our periodicals and there
is no reason why Abe and Mawruss should
not come to life again through the medium
of radio. They are first coltsins of the Gold -
bergs, albeit they are low comedy types and
their philosophy is boisterous rather than
deep throated-but their humanity is easily
understood by all races.

circuits with the fewest parts and most sensi-
ble layout. A great deal more depends on
the layout ,than most short-wave enthusiasts
realize.

* * *

Directional Aerial?
I HAVE a roof aerial, about 10 feet above

the tin, and it is 40 feet long. Also I live on
the second floor of a six -story house in New
York City, so the lead-in, straight up and
down, is 36 feet, and the horizontal portion,
from window to set, is three feet. Is this
aerial essentially directional, since it points
in a certain directon on the roof? The
lead-in is taken from the high end (the aerial
slants about 20 degrees, and the 10 -foot
height is the lowest point).-M. H.

The aerial is not essentially directional,
particularly as the principal component of
the aerial is the ciownlea!:1, which picks up
more than does the horizontal portion on
the roof. Vertical antennas are not direc-
tional.

* * *

The 6A7 Tube
PLEASE give me some directions for use

of the 6A7 pentagrid tube in an automobile
receiver.. -4. D.

This tube has the usual 6.3 -volt heater,
uses a seven -hole socket, and is connected as
is its a -c counterpart for 2.5 volts, the 2A7.
The overhead grid should be biased minus
3 volts. This is the modulator control grid,
numerically 4. Up to 250 volts may be used
on the plate and 100 volts on the screen. The
plate resistance is very high, 0.3 meg., and
therefore if an intermediate frequency trans-
former is used that has only one winding
tuned, that winding preferably should be in
the plate circuit of the modulator.

* * *

Wants Infallible Remedies
MY SET hums too much. There are a

30 -henry choke in the B filter and two 8
mfd. at each end. Also, when the set is
turned on the wet electrolytic condensers
make a boiling sound. This disappears as
soon as the signal is audible. The set fades
on distant stations. There is some squealing
at the high frequency end. Please give me
unfailing correctives.-A. W.

The hum may be reduced by putting 8
mfd. more next to the rectifier. The B volt-
age at the output will go up a little also.
The electrolytic condensers "boil" because
the voltage is too high at the start. You
probably have a heater type output tube (or
two such tubes), so the B current does not
drain the rectifier at once, only after the
heaters have warmed up. Put a bleeder
reistor from rectifier filament to B minus,
around 15,000 ohms, 15 watts. Then the B
current will be large at the start, consequent
B voltage lower, and condensers won't "boil."
Fading on distant stations is to be expected,
and automatic volume control would not be a
complete cure by any means. Squealing can
be corrected by using parallel resistance in
tuned circuits, thousands of ohms, or series
resistance, tens of ohms. Infallibility is
easy to ask but hard to achieve.
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Station Sparks
By Alice Remsen

The Recipe
FOR LITTLE JACK LITTLE,

WABC
9 :00 a. m. Monday, Tuesday, Wednesday,

Thursday and Friday.
A little bit of laughter, a great big pinch

of fun;
A cheery smile to keep the blues away.
A pint or two of happiness, a pound or

two of sun,
And quite a bit of appetite for play.
A little sense of humor; sincerity, of

course;
Three drops of kindness, just to make it

jell;
A grain or two of wisdom, an ounce or

two of force,
A touch of personality as well.
A measure full of harmony, a tune to

make it sweet;
A charming voice to sing a lyric gay;
Mix well into the microphone, turn on a

little heat,
And cook for fifteen minutes every day.

-A. R.
THERE IS THE RECIPE, or so it

seems to me, of Little Jack Little's fifteen
minute programs, which charm the listeners
of the WABC-Columbia network. If you
have never heard Little Jack, you've missed
a treat. Tune in some morning!

* * *

The Radio Rialto
ALONG THE LINE

Let's take a stroll down the Radio Rialto.
. . . Ran into Grace Donaldson, of the Don
Hall Trio this week; she informs me that
this pleasant little act opens on a new series
very shortly ; a commercial program, fifteen
minutes three times weekly, sponsored by
Molay, which is, I believe a shaving cream.
Station and time are not yet decided upon
at this writing; will let you know that
later. . . . Grace also informed me that
Otis Maddox, who made such a hit in the
Middle West, over WLW, with his hill-
billy songs, is in town, making records for
Victor. . . . Popped into the Santly Broth-
ers, to get a copy of their new publication,
"Under a Blanket of Blue," and met up,
with that cute little trick, Peggy Healy,
who chants the vocal choruses with Paul
Whiteman; she's a pint-sized child, with
a most intriguing smile, and a way of wrin-
kling up her nose like a friendly puppy ;
very sweet. Did you hear her with the great
Paul on that two-hour Kraft Cheese broad-
cast over WEAF, on which Al Jolson did
his stuff, and Deems Taylor prated of music
and such? . . . Louis Conrad happened in
before I left, and we reminisced of the time
when he and I warbled together over WJZ
on the Matinee Gems program ; Louis ex-
pects to have his own band again soon; in
the meantime he is singing with the Meyer
Davis outfit at the Hotel St. Regis. . . .

RUDY VALLEE OF THE N. V. A.
Cannot resist telling you that I had the

very great pleasure of proposing the one
and only Rudy Vallee for membership in
the National Variety Artists, Inc.; the or-
ganization is very proud of the fact that Mr.
Vallee has joined us, and continues to ex-
tend a cordial invitation to all radio artists.
. . . My dear pal, Ivy Scott, joined last
week, as did Uncle Don Carney a couple of
weeks ago. Get aboard children ; we need
every one of you. . . . Do you remember
Hilda Clifton, who played piano for me
over WEAF a few years ago? Well, the

indefatigable Hilda is conducting an or-
chestra this season at one of those swell
resorts up in the Catskills; what a clever
girl she is; plays piano and organ like
nobody's business, makes swell arrange-
ments, writes original stuff and, what's
more, she can cook! . . . Ann Brae, who
has done lots of radio work on all the
prominent metropolitan stations, has teamed
up with that swell singer and pianist, Rae
Zelda. The two girls, who bill themselves
as "The Jingle Belles in Rhyme and
Rhythm," may be heard every Wednesday
at 10:15 a.m. on WOR, in a clever program
of harmony and pattern. . . .

AT THE GOOD OLD NBC
On a recent morning, bright and early,

I hied me to Studio D, at the NBC. There
I rehearsed with Dave Grupp and his boys
for the Morning Parade, a network pro-
gram, under the direction of the tall and
slender Harold Hackett. It was an en-
joyable experience, for I met up with many
of my old friends. Was surprised to find
Edythe Handman on the bill, teamed up
with a chap named Freddie Farber. They
make an excellent combination, doing har-
mony, comedy patter, piano and guitar.
. . . Then there was George Bennett, who
possesses a warm and resilient baritone
voice; he did some work with Berna Deane,
soprano, one of the prettiest girls I've seen
in a long time. . . . A funny incident hap-
pened during the oourse of the program. A
colored lad, named 'Joshua, did a couple of
songs, accompanying himself on the guitar.
He eased up to the microphone, placed his
foot on a chair and started; his foot tapped
out the tempo, the chair wiggled and wiggled
closer and closer to the microphone, im-
perilling the equilibrium of that sacred
piece of mechanism ; every once in a while
Ben Grauer, the announcer, would dart
forward and rescue the chair, but Joshua
still tapped, and the chair still wiggled, and
the noise of the tapping still penetrated
above his singing. Ben tried holding Joshua's
foot still, but it was no good. After the
program was over Joshua mourned, "Daw-
gone it, Mr. Grauer, when you hol' mah
foot I jes can't play !" . . . So many people
have written and told me how much they
like the Casa Loma Orchestra playing from
the Glen Island Casino. I like it myself ;
think it's one of the most pleasing dance
orchestras on the air ; the special arrange-
ments of popular tunes are particularly in-
triguing. . . .

WHEN AND WHERE
Yes, Rubinoff was born in Russia.

Grodna is the specific place. . . . Rudy
Vallee's birthday is July 28th., and he
was born in 1901. . . . The Phantom
Gypsy is Lou Raderman. . . . Jerry Kil-
gore, NBC announcer at KFI, San Fran-
cisco, was born in Toronto, Canada. . . .

Madge Tucker. the Lady Next Door, was
born in Centralia, Ill., and attended schools
in St. Louis and Chicago. . . . Oliver
Smith, NBC's Painter of Songs, was born
in Flucom, Mo., in 1896. . . . Nick Nichols,
sketcher of movie stars, and the idol of
Youngsters who draw cartoons on nursery
walls, is very popular with the young lis-
teners of WUJD, Chicago . . . Billy Sun-
shine, one-man entertainer at WJJD, han-
dles a mean paddle and wrested the ping-
pong championship from Bubb Pickard in
three sets. . . .

You may now hear a new series of sum-
mer programs on WABC, featuring "The
Road Reporter," under the sponsorship of
the Shell Eastern Petroleum Products, Inc.,
of New York City. This program will be
presented over the Eastern chain of WABC-

Columbia network. "The Road Reporter"
will chat about places and events of interest
to motorists and travelers, introducing dra-
matizations of thrilling stories from real
life. Tuesday and Thursday evenings from
7.30 to 7.45 EDST. . . . Stoopnagle and
Budd just love to work, so they will spend
their vacation making a personal -appearance
tour. . . . Vera Van, a new song personality
from California, has been signed by Colum-
bia for a series of sustaining programs. She
may be heard on Saturday at 8.15 p.m.,
Sundays at 5.45 p.m., and Thursdays at 8.45
p.m. . . . David Ross will spend the sum-
mer in a secluded spot in Connecticut ; he
will commute to New York for his Old Gold
and Poet's Gold programs. . . . Burns and
Allen are on their way to the Coast to make
another picture, stopping off here and there
to make personal appearances. . . . Ted
Husing, Columbia's ace sports -announcer,
has begun a new series of sports comment
program, heard over the WABC-Columbia
network each Monday at 6.45 p.m., under
the title of "Sportraits." Rather a nifty
title, what! . . .

3 A WEEK FOR MILDRED BAILEY
Mildred Bailey has an augmented sched-

ule, which I think the portly songstress de-
serves ; instead of two -a -week, she'll now
be heard on a three -a -week basis. Mondays,
Wednesdays and Fridays, at 7.00 p.m., which
is a star spot. She will be supported as
usual by Freddie Rich's Orchestra and the
Four Etoh Boys. . . . Jane Froman and
Howard Marsh will be co-starred on a new
series of twice -weekly broadcasts over the
Columbia network under the sponsorship of
the Frigidaire Corporation. The first pro-
gram will be heard from 10.30 to 10.45 p.m.
EDST, Friday, July 14th. Subsequent pro-
grams will be broadcast on Wednesdays and
Fridays at the same time. . . . And now I
think it's time to call it a day, drink a nice
ice cold bottle of-well, what do you think?

DIRECTED SHORT WAVES
The first of six radio programs, spe-

cially prepared for reception in South
America, was put on the air by the Co-
lumbia Broadcasting System and trans-
mitted to the Argentine and Brazil by
the short-wave facilities of the Radio
Corporation of America. The first pro-
gram, arranged by CBS in conjunction
with the Pan-American Society, was heard
from 9:15 to 9:45 p.m., E.D.S.T., June
24th, with the United States Marine Band
as the entertainment feature. Announce-
ments, heard only at the opening and
closing of the program, were given in
English on the Columbia network in the
United States, with simultaneous an-
nouncements in Spanish transmitted over
the short-wave unit to South America.
The broadcast was directed to the Argen-
tine. The July 1st broadcast will be
directed to Brazil, and subsequent pro-
grams to both countries simultaneously.

BALL GAME ON AIR THURSDAY
Baseball's "game of the century," in

which a team of National League stars
will battle an all-star American League
team, will be described over the WABC-
Columbia network Thursday, July 6th,
beginning at 2:00 p.m., E.D.S.T., with
Pat Flanagan and Johnny O'Hara, Chi-
cago sports announcers, alternating at the
microphone. The "Game of the Century"
will be played in Chicago as organized
baseball's contribution to A Century of
Progress, and proceeds of the game will
go to retired players of both leagues who
are in need of financial assistance. The
broadcast over Columbia will be spon-
sored by the Prima Brewing Company of
Chicago, but since it is a charity event,
the network will turn over to the retired
diamond men all but the actual cost of
making the pick-up. The line-ups of the
two all-star teams will be based on ,the
votes of newspaper readers in a country-
wide poll.
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TRADE UNITES
TRADIOGRAMS

FOR SALES BY

DUAL PROGRAM
A highly organized campaign to find a

new prosperity for the radio industry will
be staged this Summer and Fall under the
leadership and stimulus of Radio Manufac-
turers Association, Inc. It will consist of
two parts : an intensive sales drive during
the month of September, and a week of
special broadcasting from October 2d to 7th,
which will be known as Radio Progress
Week. The organizing of the industry for
cooperation in this program will begin im-
mediately.

Earl Whitehorne, of New York, has been
engaged as director of the Radio Prosperity
Campaign and Radio Progress Week. The
major features of the plan as detailed by
Mr. Whitehorne follow:

"The radio industry, of course, has been
bowed down with hard times. Sales curves
disappeared in the cellar, cut-price compe-
tition destroyed profits, dealers became dis-
heartened and public interest in the radio
reached a low ebb; but the business tide is
turned; general prices are rising, and public
gloom is changing to confidence and optim-
ism. Men and women are now talking about
the things they want to buy, and the spend-
ing will start soon. It is this reawakening
market that this campaign is to capitalize.

Many Still Unsold

"There are now approximately 6,750,000
homes using radio sets that are obsolete,
and 13,000,000 homes that have no radio at
all, but the radio industry cannot expect to
sit back and let the returning prosperity
pour new business into its lap. For every
other industry is going to be out after these
same dollars from the family budget. Auto-
mobiles, refrigerators, travel, clothes, and
other strong personal appeals will be scram-
bling for attention, and John and Mary are
going to buy first the thing that they have
come to desire the most.

"So the radio industry is entering a season
of better business with an intense competi-
tion to fight, and it is not a competition
between radio manufacturers or radio dis-
tributors or dealers as in the past four
years of sweat and tears. It will now be a
competition with other industries that will
be out energetically selling the home mar-
ket. Therefore the radio industry must or-
ganize to throw its united strength into the
market place, first and strongest, so that
radio will be the thing that John and Mary
will buy.

Owners to Be Canvassed

"The Radio Prosperity Campaign will
have two objectives. First, to canvass every
radio owner and put his set into condition,
by installing new tubes, parts or accessories,
or to replace it with a new set. Second, to
convass all prospects for new receivers.
Through July local committees will be or-
ganized in all cities, so that manufacturers,
distributors, dealers and service men will be
prepared and ready to play their part in th-
concerted sales drive through the month of
September. The cooperation of all branches
of industry in all communities will be sought,
and since every manufacturer, distributor
and dealer has his eye in this awakening
market and plans to do his utmost anyway
to increase his sales, the RMA is confident
that the industry will respond enthusias-
tically to secure the benefit that will come
from massing the strength of the industry."

By J. Murray Barron
It would not necessarily follow that all

advertised products are superior to non -
advertised ones. What is generally called
advertising covers mostly publications,
newspapers, billboards and radio broad-
casts. However, constantly to keep one's
name before the public through advertis-
ing requires public approval, and this in
turn can only be achieved through merit.
Therefore it follows that it is generally
safer to buy nationally advertised goods.
It seems the bigger the organization the
more readily it appreciates the great
value of advertising and the keeping of
its name before the public. Possibly that
may be one reason for the bigness.

* * *

One of the latest innovations in the
retail radio stores is the testing outfit that
has been installed at Thor's Radio Store,
at 167 Greenwich Street, New York City.

It is now possible to have even the lat-
est tubes thoroughly tested. This outfit
is the only one of its kind now in down-
town New York.

* * *.
RCA Victor Co., Inc., is wide awake to

the great possibilities of the summer busi-
ness and is breaking into a special sum-
mer campaign to aid the dealer, featuring
three specials, the RCA -Victor auto radio,
the five -tube superheterodyne and the
combination radio -phonograph.

* * *

In the New York metropolitan section
nightly good catches are reported on
DX reception. This covers not only the
United States, but other points on this
continent and includes the broadcast
band. However, there are also records
during the earlier hours of foreign short-
wave reception. Folk one might not sus-
pect of being real fans are often deeply
interested and they do considerable ex-
perimenting to improve their receivers
and conditions over which they have con-
trol. To those who take noises and pe-
culiar conditions for granted, it might be
well to look more deeply into the matter,
for a little attention here and there may
repay the trouble in added reception.
The local radio retail storekeeper should
not attempt to take it for granted
that certain types of customers would not
be interested in short-wave reception, as
many big business men are ardent short-
wave fans.

* * *
E. F. Johnson Co., Waseca, Minn.,

manufacturers of radio transmitting
equipment, is now represented in New
York City by Howard F. Smith, 142
Liberty Street. This line includes tube
sockets, feeders, spreaders, antenna insu-
lators and stand-off insulators. Those
out of town may address the company
direct.

* * *

The Fanning Radio Labs., 377 Eighty-
seventh Street, Brooklyn, N. Y., have in
preparation a limited edition of an attrac-
tive and interesting bulletin on short-
wave kits, receivers, ac -dc sets and also
the new manual by Don Wallace, the
winner of the Hoover Cup.

* * *

Universal Microphone Co., Inglewood,
Cal., announces it has gone into produc-
tion of its new hearing aid device, which
will be marketed solely through radio
channels, including service outlets. These
new Universal devices have been created
primarily for home and office use.

* * *
Drake Mfg. Co., 452 North Ashland

Avenue, Chicago, has an attractive and
solidly -constructed jewel light assembly.
This may be used for many purposes in
radio: receivers, amplifiers, remote con-
trol, etc. Those desiring more information
may write direct.

COUNSEL OF RMA

QUESTIONS LAW
Chicago.

Revolutionary changes now faced in in-
dustrial competition were pointed out to
Radio Manufacturers' Association members
at their annual convention, by John W. Van
Allen, of Buffalo, N. Y., general counsel of

the association.
Government control of industry is to be

substituted for the anti-trust laws and in-
volves many sweeping and fundamental prob-
lems and changed conditions, Mr. Van Allen
said. He added:

"Whether we have arrived at the period
when we must be governed in all respects
by the government itself, or whether people
shall continue to govern as they have done
in the past, or whether the departure upon
which it is proposed we embark, is a mani-
festation of the way in which people desire
to govern by extended powers to officers of
the federal government, is a question fraught
with the deepest significance."

Mr. Van Allen said that he looked with
"great apprehension on the plan to license
private business" and continue it only "by
favor of a politically -minded public official."

NEW OHMITE BULLETIN
The Ohmite Mfg. Co., 636- North

Albany Avenue, Chicago, Ill., has issued
a new eight -page Ohmite resistor and
rheostat bulletin that is free.

Literature Wanted
Readers desiring radio literature from
manufacturers and jobbers should send
a request for Publication of their name
and address. Address Literature
Editor, RADIO WORLD, 145 West 45th
Street, New York, N. Y.

Earl T. Reaves, R.F.D. No. 5, Box 412, Watson-
ville, Calif.

Irving Anderson, Jr., Box 1027, Wallace, Idaho
Radio House, 131 Manchester St., Christchurch,New ealand
L. F. Rodgers, P. 0. Box 154, GooseCreek, Texas
F. D. Enwright, 43 High St., Manchester, N. H.
John McNulty, 54 O'Connor St., Wellsville, N. Y.
W. B. Johnson, 1309 E. 31st St., Savannah, Ga.
F. W. Foust, Radio Sales Service, Ashtabula, Ohio
George Oldenbittle, 2954 School St., Chicago, Ill.Paul C. McDaniel, Faucett, Mo.
E. W. Nelson, 81 Hereford, Hartwell, Cincinnati,

Ohio
Max Stamm, 1527 Louden St., Philadelphia, Pg.
Edmund J. Ryan, Franklin Park, Mass.
Harry Tice, 23 Oak St., New -burgh, N. Y.
G. H. Gaillardet, 44 Vine St., Weymouth, Mass.
Serge Krauss, 906 Lumbard St., Napoleon, Ohio
A. B. Rice, Tekamah, Nebr.
Jos. Belick, Box 133, 63 Front St., Coplay, Penna.
N. Peterson, P. 0. Box 182, Riverside, Calif.J. M. Kaar, 125 Princeton Road, Menlo Park,

Calif.
M. Stakan, Y.M.C.A., Lincoln, Nebr.
Charles J. O'Gara, 674 Wulnut St., Fall River,
Mass.
Chas. M. Showalter, Jr., 332 Lawrence St., San-

dusky Ohio.
Fred E. Rebhun, 1002 Fairmount Ave., Tarentum,

Pa.
W. Grundman, 384 Richelieu, Quebec City, Canada.
Henry E. Greer, San Rafael, Calif.
C. C. Clayton, 310 State Line Ave., Texarkana,

Ark.
Geo. L. Heyer, Arcade Radio Shop, 1310 FirstAve., Seattle, Wash.
Hector Graham, 2903 Floyd Ave., Richmond, Va.Glenn Neely, Dolgeville, N. Y.
Wm. C. Gruner, Dri-Kap Mfg. Co,, 1315 So. Mich-igan Ave., Chicago, Ill.
Paul J. Jachim, 3941 Wellington Ave., Chicago:MI.
Clarence Harris, R. R. 4. Camby, Ind.
A. J. Young, Bluefield, W. Va.
H. W. Hendricks, Columbus Junction, R. 2, Iowa.0. W. Wendelburgh, care The Union Trust Co.,Cleveland, Ohio.
A. R. Lebsack, Otis, Kans.
H, Walter Witt, care Linz Bros., Dallas, Tex.
E. H. Oliver, P. 0. Box No. 178, Vinton, Va.George J. Hucks, 1289 Church St., San Francisco,

Calif.
T. R. Powers, 2339 Hondo St., Dallas, Texas.
Hugh W. Harrison, P. O. Box 377, Kimberley,

South Africa.
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DIAMOND PARTS
Tuned Radio Frequency Sets

FIVE -TUBE MODEL
A -C operated circuit, 50-60 cycles, 105-120 volts,

using two 58 t -r -f stages, 57 power detector and
47 output, with '80 rectifier. Three gang shielded
condenser and shielded coils in a sensitive, selective
and pure -tone circuit. Dynamic speaker field coil
used as B supply choke. Complete kit of parts,
including 8" Rola speaker and all else (except
tubes and cabinet). Cat. D5CK @ $15.69
Wired model, Cat. D5CW (less cabinet) @ 17.19

Kit of five Eveready-Raytheon tubes for this
circuit. Cat. D5T 4.97

FOUNDATION UNIT, consisting of drilled metal
subpanel, 1.3Nt 8% x 254"; three -gang Scovill
0.00035 mfd., brass plates, trimmers, full shield;
shields for the 58 and 57 tubes; six sockets (ono
for speaker plug); two 8 mfd. electrolytic con-
densers; set of three coils. Cat. D5FU $6.19

Super Diamond parts in stock.

FOUR -TUBE MODEL
The four -tube model is similar, except that there

is one stage of t -r -f, and a two -gang condenser
is used. Tubes required, one 58, one 57, one 47
and one '80. Complete kit, including 8" Rola dy-
namic speaker (less tubes, less cabinet). Cat.
D4CK $13.58

Kit of four Eveready-Raytheon tubes for this
circint. Cat. 4D.TK $3.89

FOUNDATION UNIT, consisting of drilled metal
plated subpanel 13g x 254 x 7"; two -gang 0.00035
mfd. SFL condenser; full shield; two shields for
58-57; center -tapped 200 -turn honeycomb coil; five
sockets (one for speaker plug); two 8 mfd. electro-
lytics; set of two shielded coils; 20-100 mmfd.
Hammarlund equalizer for antenna series con-
denser. Cat. D4FU $5.48

INDIVIDUAL PARTS
Travelling lied ver-

nier dial, full -vision,
6 -to -1 vernier, pro-
jected indication pre-
vents parallax; takes
5ii" or 94" shaft' dial.
bracket, lamp, *mutat-
eon.

0-100 for 5 -tube Dia-
mond, Cat. CRD-0,
$.91.

100-0 for 4 -tube Dia-
mond, Cat. CRD-100,
@

[If dial I. desired for
other circuits state
whether condenser

closes to the left or to the right.]
mfd. Polymet electrolytic, insulating washers,
extra lug. Cat. POLY -8 @ .49

Rola 8" dynamic for 47 with 1803 ohm field
coil tapped @ 300 ohms, Cat. FP @ 313

2 coils for 4 -tube. Cat. DP @ .90
3 coils for 5 -tube. Cat. DT @ 1.35

DIRECT RADIO CO.
143 WEST 45th STREET

NEW YORK, N. Y.

Quick -Action
Classified

Advertisements
7e a Word -$1.14 Minimum

Cash With Order

ALUMINUM BOX SHIELDS, 90c. Other bar-
gains. Utah Supply Co., Box 84, Salt Lake City,
Utah.

SALE OR TRADE: Early tubes suitable for radio
museum or exhibit; also early National parts and
miscellaneous. Box 965, Plainfield, N. J.

"THE CHEVROLET SIX CAR AND TRUCK"
(Construction -Operation -Repair) by Victor W.
Page, author of "Modern Gasoline Automobile,"
"Ford Model A Car and AA Truck," etc., etc.
410 pages, price $2.00. Radio World, 145 W. 45th
St., N. Y. City.

NEW RADIO AMATEUR'S HANDBOOK. 180,000
words, 207 illustrations, 218 pages (10th edition,
issued 1933). Price, $1.00 per copy. Radio World,
145 West 45th Street, New York, N. Y.

BARGAINS in first-class, highest grade mer-
chandise. Phono-link pick-up with vol. control
and adapter, $3.32; 00025 mfd. Dubilier grid
condenser with clips, 18e. P. Cohen, Room 1214,
at 143 West 45th Street, New York City.
N. Y. C.

AC -DC SUPERHETERODYNE: 5 -tube super-
heterodyne and 4 -tube T.R.F. for ac -dc or battery.
Pictorial and schematic diagrams. Special, both
for .25. Hoffman, 135 Liberty Street, N. Y. C.

RADIO WORLD AND POPULAR MECHANICS
MAGAZINE -Radio World is $6.00 a year, and
Popular Mechanics Magazine is $2.50 a year
Popular Mechanics Magazine does not cut rates,
but Radio World will send both publications to
you for one year for $7.00. Radio World, 145 West
45th St., New York City.

1 -WATT PIGTAIL RESISTORS i Sc EACH
in following ohmages: 350; 800; 1,200; 20,000; 50,-
000; 100,000; 250,000; 2,000,000; 5,000,0000. Direct
Radio Co., 145 W. 45 St., N. Y. City.

THE FORD MODEL -"A" Car and Model "AA"
Truck -Construction, Operation and Repair -Re-
vised New Edition. Ford Car authority. Victor
W. Page. 708 pages, 318 illustrations. Price $2.50
Radio World, 145 W. 45th St., New York.

BLUEPRINT
a 7 7 Five -tube tuned radio frequency,
4,1.1  A -C operated; covers 200 to 550
meters (broadcast band), with optional ad-
ditional coverage from 80 to 204 meters.
for police calls, television, airplane, ama-
teurs, etc. Variable mu and pentode tubes.
Order BP -627 @ 25c

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

TROUBLE SHOOTER'S
MANUAL, Nos. I and II

Having assembled 2,000 diagrams of commercial
receivers, power amplifiers, converters, etc., in
1,200 pages of Volume No. 1 of his Perpetual
Trouble Shooter's Manual, John F. Rider, noted
radio engineer, has prepared Volume No. 2 on an
even more detailed scale, covering all the latest
receivers. Volume No. 2 does not duplicate dia-
grams in Volume No. 1, but contains only new,
additional diagrams, and a new all-inclusive in-
formation on the circuits covered. -
Volume No. 2 -Perpetual Trouble Shooter's Man-

ual, by John F. Rider, Shipping weight 6 lbs.
Order Cat. RM-VT Oa $5.00

Volume No. 1 (8 lbs.). Order Cat. RM-VO (i) $5.00
We pay ckistage in United States on receipt of

purchase price with order. Canadian, Mexican and
other foreign remittances must be in funds payable
in New York.

RADIO WORLD
145 West 45th Street New York City

115 DIAGRAMS FREE
115 Circuit Diagrams of Commercial Receiver. antPower Supplies supplementing the diagrams in Saha 7.Rider's "Trouble Shooter's Manual." These 'shamans

diagrams of factory -made receivers, tiring the maim-
facturer's Rime and model number on each diagram, In-
clude the MOST IMPORTANT SCREEN ORLI) RE-
CEIVERS.

The 115 diagrams, escb to black and white. en sheets
IVA r 11 Inches, punched with three standard boles for
loose-leaf binding, constitute a supplement that must be
obtained by all possessors of "Trouble Shooter's Manual,"
to make the manual complete

Circuits include Bosch 54 D. C. sersea grid; Balkite
Model E. Crosier' 20. 21. 22 screens grid: Eveready series
54 screen grid; Erie 224 A.D. screen grid: Peerless
Electrostatic series; PhlIco 76 screen grid.

Subscribe for Radio World for 3 months at the regular
subscriptioa rate of 21.50, and have these diagrams de-
livered to yOU
Present subscribers may take advantage of this
offer. Please put a cross here 0 to expedite
extending von excitation date.
Radio World, 145 West 45th St-, New York. N. T.

SOLDERING IRON
F R E E
Works on 110-120 volts AC or DC, power,
SO watts. A serviceable iron, with copper
tip, 5 ft. cable and male plug. Send $1.50
for 13 weeks' subscription for Radio World
and get these free! Please state if you are
renewing existing subscription.

RADIO WORLD
145 West 45th St. N. Y. City

STRAIGHT-LINE CHART
Relating Inductance, Capacity and Frequency. Gives
The Unknown When Two of the Others Are Known

Edward M. Shiepe, M.A., M.E.E., Massachusetts Institute of
Technology, devised the first method of relating inductance, ca-
pacity and frequency so that the "curves" are straight lines. He
drew the result on graph paper 18 x 20 inches, encompassing the
hitherto unachieved ranges of 0.000001 mfd. (1 mmfd.) to 0.1 mfd-,
1 microhenry to 100 millihenries, and 5 to 50,000 kc, hence covering
from audio frequencies to ultra frequencies. This important
document is now published for the first time, and we are the first
to offer it. It is full-scale (no reduction from original), and will
obviate any computation, as the chart may be read quickly to an
accuracy of 1 per cent.
Send SOc for a 4 -weeks subscription for RADIO WORLD (4

issues) and order this chart (Cat. PRE-SLCH) sent free.
RADIO WORLD, 145 West 45th Street, New York, N. Y.

PADDING CONDENSERS
AHIGH-CLASS padding condenser is required for a

superheterodyne's oscillator, one that will hold its
capacity setting and will not introduce losses in the

circuit, for losses create frequency instability. The
Hammarlund padding condensers are of single -condenser
construction on Isolantite base, with set -screw easily ac-
cessible, and non -stripping thread. For 175 kc. intermediate
frequency use the 850-1350 mmfd. model. For i.-f. from
460 to 365 kc., use the 350-450 mmfd.

HAMMARLUND S. F. L. at 98c
A sturdy, precision straight frequency line condenser, no end stops.
The removable shaft protrudes front and rear and permits ganging with
coupling device, also use of clockwise or anti -clockwise dials, or twoeither side of drum dial Front panel and chassis -top mounting facilities
True straight line. This rugged condenser has Hanimarlund's highquality workmanship and is suitable for precision work. It is a most
excellent condenser for calibrated radio frequency teat oscillators, any fre-quency region, 100 to 60,000 kc., short-wave converters and adaptersand TRF or Superheterodyne broadcast receivers. Lowest loss construc-tion, rigidity; Hammarltmd's perfection throughout.
Order Cat. HO6 0 Me sat

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

Either capacity. 50e
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New Genuine Makalot S -W and B -C Coils

704 705 706
706SW S

Here are the new genuine Makalot wound coils and
coil forms for your new S -W receiver.
704SWS-4-pin S -W Sot
704 BCS -4- M n B -C Set
7065WS-6-pin S -W Set
704-4- pi n Form
705 -5 -pin Form
706 -6 -pin Form

NA -ALB
Order your requirements today. Send
for new Catalog Sheets showing how toti modernize obsolete test equipment and

Mention how to use the new tubes in old sets.
Dept. W3

Alden Products Co., 715 Center St., Brockton, Mass.

List $2.00
List 1.50
List 3.00
List 25c
List 25c
List 30c

NEW PRICES
TROUBLE SHOOTER'S

MANUAL, Nos. I, II and III
Having assembled 2,000 diagrams of commercial

receivers, power amplifiers, converters, etc., in
1,200 pages of Volume No. 1 of his Perpetual
Trouble Shooter's Manual, John F. Rider, noted
radio engineer, has prepared Volume No. 2 on an
even more detailed scale, covering all the latest
receivers. Volume No. 2 does not duplicate dia-
grams in Volume No. 1, but contains only new,
additional diagrams, and a new all-inclusive in-
formation on the circuits covered.
Volume No. 3 (Recently issued). Order Cat.

RM $7.50
Volume No. 2-Perpetual Trouble Shooter's Man-

ual, by John F. Rider, Shipping weight 6 lbs.
Order Cat. RM-VT @ $6.50

Volume No. 1 (8 lbs.). Order Cat. RM-VO @ $7.50
We pay postage in United States on receipt of

purchase price with order. Canadian, Mexican and
other foreign remittances must be in funds payable
in New York.

RADIO WORLD
145 West 45th Street New York City

BLUEPRINT
I

c 97 Five -tube tuned radio frequency,
1.1" A -C operated; covers 200 to 550
meters (broadcast band), with optional ad-
ditions coverage from 80 to 204 meters,
for police calls, television, airplane, ama-
teurs, etc. Variable mu and pentode tubes.
Order BP -627 @ 25c

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

COMPLETE TUBE CHARAC-
TERISTICS WITH SOCKET

CONNECTIONS
In Radio World dated Sept. 9, 1933. 15c a copy;

or start your subscription with that issue. Radio
World, 145 West 45th St., New York City.

FREE with a moo
8 -weeks Subscription

NEW STAR
MIDGET

CONDENSERS
Choice of 15, 25, 50
and 100 mmfd. capac-
ities. Single hole panel
mount.

Here is your opportunity to get the
latest product of Hammarlund, a Star
Midget condenser. Send $1 for 8
weeks subscription and get any one
condenser free. Select the desired ca-
pacity.
Any two condensers free with $2 for

17 -week subscription.
Any three condensers free with $3 for

26 -weeks subscription.
Any six condensers free with $6 for

one-year subscription (52 weeks).

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

SPECIAL
SMALL POWER

TRANSFORMER
Filament -plate transformer, for oscillators, 1 or
2 -tube sets, etc.
Primary, 110 volts a -c.
Secondary A, 2.5 volts, center -tapped; stands up

to 3 amperes.
Secondary B, 110 volts, not center -tapped.
Excellent for test oscillators with a -c in plate.

$1.10

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

SHORT-WAVE
COILS and FORMS

Precision short -ware plug -in coils, wound on
Ph" diameter. Form has gripping flange.
Four coils to a set for each tuned circuit.
Approximate frequencies with 0.00014 mfd.
are 1400 -3080 kc, 3000-6600 kc, 6000-13100,
13000-30000 kc.
Two -winding coils, 1TX base. Cat. BWA
(fain coils) $1.20
Three -winding eons, 0 -pin base (tickler
sinwBterwoound with part of secondary) at

$1.40
T.TX sockets for use as coil receptacle, Cat. 5X, @
I Os each. Forms, four for 60e, either 1T1 or 0 -vin.
Six -spring sockets. Cat. ISZ. Ile each.

SCREEN GRID COIL CO., le W. ath Street,
New York City

RADIO WORLD
and "RADIO NEWS"

BOTH FOR
ONE YEAR $7.00

Canadian
and Foreign
$1.50 extra

You can obtain the two leading radio technleal magazines
that cater to experimenters, service men and students,
the first and only national radio weekly and the leading
monthly for one year each, at a saving of $1.50. The
regular mail subscription rate for Radio World ter one
fear, a new and fascinating copy each week for 52 weeks,
is $6.00. Send In $1.00 extra, get "Radio News" also
for a year-a new Issue each month for twelve months.
Total 64 issues for $7.00.
RADIO WORLD, 14.5 West 45th Street, New York, N. Y.

Quick -Action
Classified

Advertisements
7e a Word-S1 CO Minimum

AIR CORPS TRAINS 600 MEN yearly free; fly-
ing, radio, mechanics. Information for appoint-
ment, 25c. Lieut. Carroll, Box 533R, Taunton,
Mass.

MANUSCRIPTS, typed, paragraphed and cor-
rected, 75c 1000 words. Sylvia Camos, 107
Chouteau, St. Louis, Mo.

"THE CHEVROLET SIX CAR AND TRUCK"
(Construction-Operation-Repair) by Victor W.
Page, author of "Modern Gasoline Automobile,"
"Ford Model A Car and AA Truck," etc., etc.
450 pages, price $2.00. Radio World, 145 W. 45th
St., N. Y. City.

NEW RADIO AMATEUR'S HANDBOOK, 180,000
words, 207 illustrations, 218 pages (10th edition,
issued 1933). Issued by the American Radio Relay
League. Price, $1.00 per copy. Radio World,
145 West 45th Street, New York, N. Y.

S. GERNSBACK'S "RADIO ENCYCLOPEDIA,"
SECOND EDITION. A Guide -Book of Radio
Information topically arranged in Alphabetical
Order. Radio in all its branches, described, ex-
plained and illustrated. Size 9 x 12, 352 pages,
Red Morocco-Keratol Flexible Binding. Loose -
Leaf Arrangement. Price $3.98 postpaid (Foreign
and Canada add 35c extra). Radio World, 145
W. 45th St., New York City.

HENLEY'S "TWENTIETH CENTURY BOOK
OF RECIPES, FORMULAS & PROCESSES."
New 1933 Edition. ' Ten thousand procesess, recipes,
trade secrets and money -making formulas. For
the laboratory, workshop, factory and home. Some
subjects fully covered: Dyes, Inks, Waterproofing,
Perfumes, Cement, Plating, Glass, Dentifrices,
Varnishes, Soaps, Glues, Paints, Adhesives, En-
amelling, Hairdressings, Cosmetics, Oils. Price,
$4.00. Book Dept., Radio World, 145 W. 45th St.,
New York City.

"THE FORD V-EIGHT-'B'-FOUR-
13B'-TRUCK," by C. B. Manly. A New and Prac-
tical Book for Everyone Interested in the Con-
struction, Adjustment, Upkeep and Repair of The
New Fords. Over 250 pages, 125 illustrations.
Complete cross index. Pocket size, flexible leather-
ette cover. Price $2.00. Radio World, 145 W. 45th
St., New York, N. Y.

THE FORD MODEL-"A" Car and Model "AA"
Truck-Construction, Operation and Repair-Re-
vised New Edition. Ford Car authority. Victor
W. Page. 708 pages, 318 illustrations. Price $2.50.
Radio World. 145 W. 45th St.. New York.

A Special Issue of Real Interest and Importance!
RADIO WORLD'S

NATIONAL RECOVERY NUMBER
Dated October 14. Issued October 10. Last form closes October 3.

The publishers of RADIO WORLD believe that
by issuing this National Recovery Number.
Advertisers in the radio field will have an opportunity

of telling their sales stories to RADIO WORLD'S thousands
of subscription and newsstand readers throughout the
radio field, at no extra cost for space. In fact, our special
summer rates of $100 a page, half, quarter and eighth

May we

they can give special service to the radio trade,

pro rata, and $3.50 an inch (instead of the regular rates
of $150 a page and $5.00 an inch), will be held open for
this issue.

Every reader of RADIO WORLD is a potential buyer of
your goods.

serve you?

Advertising Department, RADIO WORLD, 145 West 45th St., N. Y. City
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Practical Push -Pull
Resistance Couplers

DIODE DETECTION, WITH BOTH THE REACTIVE AND
NON - REACTIVE LINKS -THEORY OF DIRECT- COUPLED

SYMMETRICAL CIRCUITS

pUSH-PULL resistance -coupled audio
is one of the several topics in radio
concerning which theoretical aspects

have been treated over a period of years,
with some reduction to practice, but with-
out the production of any circuit regarded
as standard, or, indeed, any circuit which
is used much at all. There are practically
no receivers with such a circuit. Yet,
like television, ultra -wave DX and other
topics in the same hopeful class, the push-
pull resistance coupler is bound to arrive
at a commercially practical stage. Besides,
it gives experimenters meanwhile an
opportunity to pursue a hobby that offers
interesting possibilities.

Push-pull resistance -coupled audio, as
considered in this text, relates to the
development of the push-pull circuit with-
out the introduction of an input trans-
former. It is familiar practice to have a
push-pull input transformer working out
of a normal detector and have the
succeeding stages push-pull resistance -
coupled, but such a circuit is not con-
sidered within the true category because
the use of resistance coupling should be
exclusive.

Omission of Stopping Condensers
Besides the foregoing considerations,

one might bear in mind that true push-
pull resistance coupling may be developed
in leak -condenser coupling hookups, which
are reactive, or in circuits that omit the
stopping condensers, and are called non -
reactive. The term non -reactive means,
in effect, equality of amplification for all

By Herman Bernard

0
FIG. 1

The 56 used as a diode will stand
40 volts rms input. Diagram shows
anode positive to a -c (sign in
square), while direction of d-c cur-
rent flow and d -c polarities of load

resistor are designated,.

audio frequencies, which is true when a
load is a pure resistance.

In actual practice true non -reaction is
hardly possible, as effects are to be
expected from unavoidable capacities, in-
cluding even the elemental capacities of
tubes used, capacity between wire con-
nectors and capacity to metal chassis.
These capacities, though small in quantity,
are large in effect because of shunting of
high tube or load impedances by small
condensers. Nevertheless a circuit will be

FIG. 2
The direct current through the load
resistor is pulsating, so if the center
of the resistor is taken as the refer-
ence point, at any instant the ex-
tremes have equal but opposite

signs.

considered non -reactive if it omits the
stopping condensers.

To realize the problem of push-pull
resistance coupling we must understand
the rectification fundamental. A typical
rectifier is shown in Fig. 1, consisting of
a 56 tube used as diode, plate tied to
cathode, this combination constituting the
operating cathode, while the element that
otherwise would be grid is the operating
anode. The object of the rectifier is to

(Continued on next page)
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These Four Circuits Work All Right

FIG. 3
This is a practical push-pull resistance -coupled cir-
cuit, using stopping condensers and grid leaks. The
center of the load resistor may be grounded, if
desired, but it is not strictly necessary, due to the
subsequent leaks as parallel resistors with grounded
center, the effect on the signal division being
reflected back. Stopping condensers and grid leaks
are used. This is a reactive circuit, that is, fre-
quency affects the amount of gain somewhat. The

58's will drive 2A3 output tubes.

(Continued from preceding page)
produce a direct -current output from an
alternating -current input. The alternating
current in this instance is radio frequency
and in this sense all frequencies from the
highest used in carrier radiation, to 20 kc,
may be considered as radio frequencies.

Rectification Requisites
The alternating voltage in the primary

of the transformer develops a voltage
across the secondary. We are interested
only in voltage except in power output
tubes. Since it is alternating, no point
along the secondary ever remains at any
given voltage, but there is a fluctuation,
measured in multiple cycles per second.
During each cycle the voltage rises twice
to maximum and falls twice to zero. The
two maxima, however, are oppositely
polarized during any cycle. Zero naturally
is the same for both, being an identical
quantity. Therefore the upper end of
the coil will be negative maximum and
positive maximum once each cycle.

The following are requisites for rectifi-
cation: (1), an alternating -voltage input;
(2), a positive anode; (3), a device capable
of rectification; (4), a continuous direct -
current path. Besides there must be a
load to render practical the utilization of
the rectification.

We have the a.c. The positive anode'
occurs once in each cycle, so we have
that. The tube will rectify. A continu-
ous current path is provided because the
tube impedance is low, sufficient direct
current can flow through it, and there is
no discontinuity in any part of the
external circuit. A load resistor is pro-

vided.

Half -wave Type
The rectifier in Fig. 1 is of the half -

wave type, because rectification takes
place only when the anode is positive,
and it is positive only during half the wave
period. On the diagram the alternating
current signs are in squares, and the
anode is shown as positive, bottom end
of coil as zero, both a -c values.

The positive a -c sign does not represent
a constant value of voltage, but during
the alternation when the anode is positive
it is so by the effective quantity of a -c
voltage. This is obtained by taking the
square root of the sum of the squares of

FIG. 4
The 56 used
as a diode,
with plate
tied to ca-
thode to
constitute
the operat-
ing cathode,
a n d other-
wise grid

is anode.

FIG. 5
The 25Z5 used as
a half -wave recti-
fier. This tube
requires a 25 -volt
feed to the heater.
The 50 mmfd.
condenser across
the load resistor
may not be nec
essary here or in

Figs. 3 and 4.

the positive voltages during the alterna-
tion and is the familiar root -meant -square
voltage (rms.).

Now that we have accomplished rectifi-
cation we have to consider the flow of
the new current, which is direct current.
There may be residual fluctuation in the
d -c, but a condenser will remove it.
Although a -c flows in two directions, d -c
flows in only one direction. That is, d -c
does not reverse itself.

Direction of Flow
The direction of current flow in an

external circuit of a rectifier is from ca-
thode to anode and takes place only when
the a -c is at a positive value on the anode.
The signs ascribed to this direction are
inherited from the earlier and erroneous
theory of electricity, but because em-
bedded in the recorded science, are still
retained.. We say therefore that in the
external circuit the current flows from
plus to minus. Inside the rectifier it flows
from minus to plus, for that is in reality
the same direction.

Take a clock as example, turn the hour
hand through 360 degrees, starting at 9.
The rotation is from left to right, until 3
is reached, when the direction is from
right to left, and yet there has been only
one actual direction, that of clockwise.
The wheels of an automobile are always
turning in the same direction at the same
time, though by applying some other test,
as left -and -right based on an arbitrary
zero line, the same anomaly exists as in
the case of direction of current flow in a
rectifier and its external circuit.

Action During Positive Cycle

Taking the two extreme instances in
the rectifier, when anode is positive and
when it is negative, we know that recti-
fication takes place only when the a -c
voltage on the anode is positive, where-
upon d -c flows in a known direction, but
what happens when the anode is nega-
tive? Since no rectification takes place,
nothing happens. The circuit is dead on
the negative a -c alternation, just as if
the rectifier tube were removed from its
socket during each negative excursion of
the carrier.

Broadly, there are two frequencies to

FIG. 6
Here full -wave de-
tection, using the
25Z5, is illustrated,
the circuit after the
stopping condensers
again being as in
Fig. 3. By the full-
wave method only
half the voltage is
achieved, as by the
half -wave rectifier.

consider, the radio -frequency carrier and
the modulation of that carrier by the
signal, hence the object of the form of
rectification used on the carrier, called
detection, is to eliminate the carrier and
leave only the modulation or signal. When
signal is referred to, audio frequencies are
meant. When carrier is referred to, radio
frequencies are meant. The fact that the
modulation is impressed on the carrier
need not prove confusing, since the effect
is to change the frequency or amplitude of
the carrier, which is a radio frequency,
even though the rate of change may be
at an audio frequency. At least the car-
rier, modulated or not, is inaudible. The
detected component of a modulated car-
rier is audible to a suitable load.

Signs of the Circuits

The two signs for alternating current
and the two for direct current in Fig. 1
have no intrinsic relationship whatever.
For instance, the zero point for a -c at
a given instant when there is rectification
is the same point as negative of the recti-
fier. The secondary is a short circuit to
d -c, therefore the point marked positive
for radio frequencies (denoted by sign in
square) is negative for audio frequencies,
being the same for d -c at one end of the
coil as at the other. The d -c signs are
not circumscribed. They denote the po-
larities during rectification. The arrow
shows the direction of d -c flow.

How far have we progressed toward
push-pull resistance coupling? We have
reduced a carrier to direct current and
have a permanent d -c positive sign at one
end of the load resistor and a permanent
negative sign at the other end of the load
resistor, for all purposes during full -wave
or half -wave rectification, and permanent
zero signs during non -rectification.

An Author's Contention

We have considered direct current, but
not in its true light as existing in the
circuit for detection of broadcasts. It is
true that the current is unidirectional, but
it is also true that direct current may be
continuous or discontinuous. We found
discontinuity during the alternation when
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Two of These Are Duds and Two Ace -High

FIG. 7
Full -wave de-
tection, using
the 55:The tri-
ode elements
can not be used,
as there is no
suitable meth-
od of making
the B voltage
effective with-
out unbalanc-
ing the circuit.

FIG. 8
Considering the omission
of stopping condensers
as constituting non -re-
active coupling, a circuit
like this might represent
a first attempt. Either
the driven tubes have
simultaneously negative
grids or alternately nega-
tive grids, neither in-
stance representing sym-

metry.

the anode was negative. Likewise, though
continuous, it may be steady, or unsteady.
If it is unsteady it is called pulsating, and
this is the type of direct current existing
in detector outputs. The pulses are
equivalent to amplitude changes in the
steady state of d -c, and these changes are
patterned by the original audio frequen-
cies as put into the microphone at the
station.

It is the author's contention that in a
vacuum tube with only a resistive load in
the plate circuit, or output circuit, there
is never any alternating current but that
there is pulsating direct current, and any
presence of alternating current would be
due only to a coil in the plate circuit,
where reincarnation of a -c is effected by
the electro-magnetism.

Whenever we have an a -c voltage or a
pulsating d -c voltage across a load we
may select the center of the load as the
datum or reference point and then the
push-pull effect is introduced if we take
off the output from the extremes, for the
voltages at any instant at these extremes
will be equal in quantity but directly
opposite in sign. Thus, in Fig. 2 the
center point may be taken as zero. The
left-hand branch would change from zero
to negative maximum and then the
right-hand branch from zero to maximum
positive. It may be argued that the mid-
point is not zero, but half of the maxi-
mum, but zero is an arbitrary point, and
the termination of the impedance into
which the whole works decides the zero
point.

A Practical Circuit
So far we have the possibility of a push-

pull input, using no transformer but
simply a resistor. Now we shall introduce
the method in a practical circuit, Fig. 3,
and observe precautions that experience
has taught.

The load resistor is 0.5 meg. and across
it is a small condenser, 50 mmfd. This
condenser is not always necessary, as
there is usually sufficient inherent ca-
pacity to bypass the residual ripple. Two
stopping condensers are used, 0.01 mfd.
each, or larger, one connected from the
coil side of the 0.5 meg. resistor to grid
of the succeeding stage, the other con-
nected from cathode of the diode to grid

FIG. 9
The danger in non -reac-
tive coupling is that one
grid may be driven posi-
tive. When the upper
diode is conducting the
upper driven grid is nega-
tive, but the lower driven
grid has zero bias, be-
cause grid is returned
to grounded cathode
through a non -current -

carrying circuit.

of the succeeding stage. Two grid leaks
are used, 2 meg. or higher resistance,
from respective grids to grounded B
minus. It is therefore not necessary
directly to ground the center of the diode
load resistor, for since the grid leaks are
in parallel with that load, grounding the
center or common point in the leak cir-
cuit will suffice. A biasing resistor of
1,200 ohms will do for the two 58's, an
r -f choke of 10 mlh. or higher inductance
being used to help kill off r -f oscillation
that otherwise might be present. If there
is still oscillation, additional similar chokes
would have to be used between each grid
and its grid leak. The output is to be
connected to the resistance -loaded grid
circuits of push-pull power tubes.

Why the Stopping Condensers
The reason for including the stopping

condensers is that the direct connection of
one of the grids (upper in Fig. 3) would
result in a positive grid. That is, the
change would be by from zero bias to
positive bias. A way of overcoming this
would be to introduce an additional recti-
fier to buck out the positive bias, as was
suggested by J. E. Anderson in the Janu-
ary 21st issue, 1933.

Instead of the 55 the 56 may be used
as diode for the Fig. 3 circuit, as shown
in Fig. 4, or the 25Z5 as in Fig. 5. These
are half -wave rectifiers. For full -wave rec-
tification the circuits are shown in Fig. 6 for
the 25Z5 and Fig. 7 for the 55, of which
the triode is rendered useless because of
unbalance if B voltage is applied. Fol-
lowing the rectifiers there would be the
same sort of circuit as in Fig. 3, and of
course in addition the power stage would
be included, biased as usual.

In connection with all of the foregoing
circuits it will be found that the capacity
to ground is unequal in the two legs, as
represented by the leaks, or, if the load
resistor of the diode is grounded at center,
by one leg of that load. In general the
capacity to ground on the cathode side
is larger, and on the other side is com-
pensated for by the additional capacity
Cx, in Fig. 3.

Cx for All Circuits
Cx should be included in all circuits.

FIG. 10
A true push-pull resis-
tance -coupled circuit. The
d -c voltage across the
load resistor (upper di-
ode) is divided, center of
the resistor grounded,
and when negative signal
cycles are applied to the
upper driven grid positive
ones, with bias suitably
bucked, are applied to the

lower driven grid.

It should be put on the side that results
in appreciable increase in signal intensity.
While the capacity value is not extremely
critical, for fine adjustment it would be
necessary to measure the capacity across
each leg, and make up for the deficiency
in the one leg. This measurement may
be made with any oscillator having a
known inductance and generating a
known frequency. The tuning condenser
capacity can be obtained by computation
for this frequency, and the capacity for
the new frequency likewise obtained when
one and the other legs of the push-pull
circuit are used in parallel with the tuning
condenser. When the two differences are
obtained the smaller is substracted from
the larger, and the final difference is
introduced across the smaller to equalize
the capacity. All computation may be
avoided by consulting "The Inductance
Authority," a recent book by Edward M.
Shiepe.

So far we have used stopping conden-
sers and considered only half -wave recti-
fiers. Now let us see what can be accom-
plished if the condensers are omitted.

A Faulty Circuit
Fig. 8 shows the omission of the stop-

ping condensers, but this is the same situ-
ation previously discussed as impossible,
because of the positive bias on one of
the grids. In direct non -reactive coupling
the bias on the succeeding tube may be
only that arising from the d-c flow in the
carrier -rectified circuit, this being known
as diode biasing. Obviously positive bias-
ing of the grid is out of the question.

In Fig. 7 when the lower anode is posi-tive to r.f. the left-hand resistor carries
d -c, positive at cathode, negative at theother end of the resistor, so negative may
be connected to grid of a following tube.
If the upper anode is positive to r.f. at
the same time, then the grid of the other
tube may be connected to negative side of
the second load resistor, to right. How-
ever, both grids are negative at the sameinstant, so the circuit is not push-pull.
Let us reverse one of the coils. When
one anode is positive the other is nega-
tive, so when one diode is conducting theother is not conducting, and the uppergrid is positive. The circuit won't work.

(Continued on next page)
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What is required is that one grid be
swung negative at one instant and the
other grid be swung equally positive at
the same time, but that the bias should
not run positive.

Another Try
The more or less arbitrary designation

of polarities makes it difficult sometimes
to comprehend the aim, but if it is re-
membered that the requirements consist
of making one tube at a time handle the
load, without grid of either going positive,
the fulfillment can be better gauged.

Using a conventional center -tapped
secondary, the non -reactive method may
be considered with the load resistors in
the negative leg, Fig. 9. Center is con-
nected to cathode and grounded. Also
cathodes of the succeeding pair of tubes
are grounded. Some question may arise
as to where the positive voltage is. The
answer is that the cathode is the posi-
tive and that the anode ends of the resis-
tors are alternately zero and negative, so
the grids of the pair of tubes after the
rectifier, if tied to respective anodes, share
the work alternately and equally during
each cycle. To prevent the detection being
communicated to the pair of tubes at
right in Fig. 9 large radio -frequency
chokes are used, 25 mlh, or greater induc-
tance, and to enable the anodes to be
polarized by r.f. large enough bypass con-
densers have to be used across the indi-
vidual load resistors.

Not So Hot
A somewhat greater departure from

non -reaction results because the conden-
sers across the load resistors have to be
large enough not to attenuate the input
to the anodes, and the larger they are the
more the circuit departs from non -reac-
tion. Also the chokes have to be large
enough to prevent any considerable
amount of r.f. getting into the first audio
tubes. The associated circuit and tubes
have to be shielded and even the grid
leads to overhead caps of the 58's shielded
and shield sheath grounded. Otherwise
there will be r.f. oscillation. To avoid
excessive attenuation due to the resis-
tance loads the resistors have to be con-
siderably smaller than usual.

In this circuit full -wave rectification is
used. One diode -to -cathode circuit recti-
fies at a time. The object is to avoid a
positive grid. Let us see if this is accom-
plished. When the upper diode is conduct-
ing the resistor is negative at anode and
positive toward cathode. Grid is connected
to negative. All right so far. During the
time the upper diode is rectifying the
lower one is idling. The grid of the
companion succeeding tube'is connected
to the plate of the lower diode.

If the lower section of the diode is not
conducting, then any voltage arising will
be in accordance with the upper diode, for
this is when the positive -grid danger
arises for the lower tube. Tracing the
lower tube's d -c circuit, grid is connected
to one diode anode through a choke and
returns to ground through the lower half
of the secondary. Since the grid voltage
is that between cathode and grid, and
since cathode is grounded and grid goes
through a no -current circuit to ground,
grid is grounded, and there is zero bias, but
no positive grid. But there is no sym-
metry, no push-pull.

More Likely Circuit
To achieve push-pull it is necessary that

when one grid is negative in respect to
the signal the other is positive. We have
avoided a positively -biased grid but we
have not provided opposite signs at the
grids at any instant, as no positive signal
region is provided.

In Fig. 10 is shown a circuit that sub-
scribes to the requirements. It is a half -
wave diode detector, across which is de-
veloped the d -c voltage E when the upper

anode is positive to radio frequencies.
The center of this resistor is grounded,
and as the cathodes of the succeeding
pair of tubes are grounded, half the vol-
tage across E is put into the upper
driven tube. However, since half -wave
detection develops twice the voltage of
full -wave, by taking off half from the
half -wave type we still have the same
amount of signal voltage for the driven
stage as if all the, voltage from a full -
wave circuit were used.

The midpoint may be taken as zero,
so when the upper anode is conducting
there is a condition across the resistor
which develops opposite signs at the ex-
tremes. The left-hand end is put into
the grid of the upper tube following, and
being always negative, the tube is diode -
biased exclusively, in the familiar manner,
and the bias is equal to the signal voltage.

The Stumbling Block
The lower driven tube is the stumbling

block. If its grid were returned to posi-
tive of the load resistor in the upper recti-
fying circuit, when the upper grid is nega-
tive the lower one is positive to an equal
amount, considering the signal only. But
considering also the d -c bias effect of the
voltage, when the upper grid is - E/2 the
lower grid is + E/2, whereas there should
be a bucking bias introduced in the lower
driven tube to keep its grid away from
possibility of positive bias.

If we use the lower diode of the 55 as
additional rectifier, operating in phase
with the other, we can introduce a vary-
ing bucking bias that is proportional to
the diode -bias above, and we have only
to find out what that bucking bias should
be and how to insure it. The total voltage
in the upper rectifier is E, the input to
the upper driven tube is - E/2, the un-
checked condition of the lower driven grid
is E/2, which is a difference of E be-
tween grids, and therefore the bucking
bias should be equal to E also, so that
the biases on the two driven tubes will
be the same at any instant.

Bias Adjusted
There is the signal to consider. There

may be a little radio frequency in the load
resistor of the upper rectifier, which a
condenser will remove, as stated, and
shown in Fig. 1, etc. In the bucking -
bias circuit we do not desire any signal
whatsoever, therefore put a large con-
denser across the load resistor in that
circuit, 1 mfd. Thus a bucking bias is
present that is always twice the value of
the positive bias that otherwise would
result from the signal alone. So the static
operating condition of the lower driven
tube is -E E/2, or - E/2, and that is
exactly the static operating condition of
the upper driven tube. Thus as the posi-
tive cycle of the signal is applied to the
grid of the lower driven tube the 1 mfd.
condenser bypasses the signal to the grid,
and the condition of equal but opposite
voltages is achieved and "equal and equal"
bias safeguarded.

An adjustment is necessary, and the
bucking resistor is therefore made vari-
able.

The transformer is predominantly used
in push-pull audio circuits because no ad-
justment is necessary, the gain is generally

greater and the servicing is easier. Such
inclusion is more expensive as to parts but
less expensive as to testing and adjustment,
so that from a broad cost viewpoint the
two may be considered about equal.

Servicing is very important, and the in-
clusion of the transformer simplifies this
greatly. Few service men would have the
equipment necessary to balance a resistance-
coupled push-pull circuit, and possibly not
many of them would be equipped with the
technical knowledge, not that deep knowl-
edge is required, but that there have been
little data available to them. Hence the cur-
rent articles, as well as previous papers in
these columns, will prove of considerable
assistance to those desiring to familiarize
themselves both theoretically and empirically
with this interesting circuit.

Other Circuits
The realm of push-pull resistance coupl-

ing is very large, and other circuits than
those discussed this week may be used to
advantage. Nothing has been written up
this week about the phase -shifting tube, but
the possibilities in that direction are invit-
ing, rather, however, from the viewpoint of
the reactive coupler.

One idea is to use the triode of the 55
or other such tube as the phase shifter, then
have push-pull drivers and push-pull output.
The 53, being two equal tubes in one en-
velope, may be used so that one of the tubes
is a phase -shifter. Some experiments made
with this tube in this manner have not
proved successful enough. However, all the
circuits shown this week, including those
that are fallacious, have been tried out.
Those stated as working do work and those
stated as not working, while producing a
signal, create considerable distortion, and
are not even theoretically acceptable.

The increase in the amount of amplifica-
tion ahead of the audio channel, which has
been going on steadily for several years,
makes for the reduction in the amount of
audio amplification, so that there are many
circuits that have the detector feeding di-
rectly into the power tube.

Can Drive Triode Output
Generally this consists of a screen grid

detector driving a pentode output tube, in
smaller sets, but there is no reason why,
with higher r -f and i-f gain in larger sets,
the detector can not be made to swing the
output tube or tubes, provided that the de-
tector will stand the 50 or 60 volts neces-
sary to load up the output.

While the diodes of the duplex -diode -
triode tubes will not fulfill this requirement,
the rectifiers used for B supplies of course
will. There are two considerations : the
capacity of the tube elements should not be
high, and also, for hum reasons, the recti-
fier should be of the indirectly -heated cath-
ode type. Therefore diagrams show the
25Z5 used in this way.

Heater Rectifiers
There is also a 6.3 -volt half -wave rectifier -

heater type tube, the 1-v, and a 12.5 -volt
half -wave heater type rectifier, 12Z3, con-
cerning which some data will be found on,
page 11. Any one of these may be used. At
present they are the only heater type recti-
fiers. The 1-v and the 12Z3 may be used
only for half -wave rectification, the 25Z5,
for either half -wave or full -wave.

SOME EXCELLENT RADIO BOOKS
"1932 Official Radio Service Manual," by

Gernsback $4.00
"This Thing Called Broadcasting," by Alfred

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

Moullin 12.50"Short Waves," by Charles R. Leutz and
Robert B. Gable 3.00

"Perpetual Trouble Shooter's Manual," Nos. 1
and 2, by Rider. Each $5.00'

"115 Latest Commercial Set Diagrams," by
Rider 1.00

"Drake's Radio Cyclopedia," by Manly 6.00

"Elements of Radio Communication," by
Morecroft 6.00'
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A 10 -TUBE SUPER
With True Push -Pull Resistance-Coupled Audio
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One of the anodes of the 55 is used as the separate rectifier to supply a bucking bias to the lower driven 58,
the grid of which otherwise would run positive. The grid and plate of the 55 triode are not used because the

cathode has to be "left in the air" to support the push-pull circuit.

THE true push-pull resistance -coupled
audio amplifier described in the fore-
going pages is included in the com-

plete receiver design shown above. Except
for the 53 mixer tube, the circuit ahead
of the detector is conventional.

The reason for the small series con-
denser in the aerial circuit is to improve
selectivity ahead of the modulator. Only
a three -gang condenser is used, therefore,
as one section tunes the oscillator and
another the modulator, the remaining one
is for the t -r -f stage. One such stage
without loose coupling between antenna
and tuned winding would result in some
squeals. These are absent when the selec-
tivity ahead of the modulator is raised
high enough, and loose coupling is one of
the easiest and most effective ways of
doing this, even though the input is
reduced somewhat. If larger input, con-
sistent with some squeals, is more satis-
factory, the condenser may be made
larger.

The 53 as a mixer has not been used
much, but works well, when the operating
conditions are right. It is critical, in that
it will not work at all unless the voltages
are right. Thus it resembles the 2B7 tube
to this extent. It is advisable to have a
low plate voltage, and this may be ob-
tained from the screen of the first inter-
mediate tube.

Tests of Biasing Resistor

The oscillator grid leak, shown as 0.1
meg., and the biasing resistor, marked
3,500 ohms, are critical. Since oscillator
grid is returned to cathode, the oscillator
bias depends on grid current through the
leak. Hence both the leak value and the
bias affect the operation, and in actual
practice 3,100 ohms proved excellent, but
various resistors around that value, say,
3,000 to 3,500 ohms coding, had to be

tested before one was found of exactly
the desired value.

The two intermediate tubes are subject
to automatic volume control, and the filter
circuits are shown with very large electro-
lytic condensers across the resistors (30
mfd. across 0.6 meg.). The reason for
specifying the large capacity is that some-
times its inclusion boosts volume con-
siderably. In other instances it does not,
and if it doesn't, use 0.1 mfd. or somewhat
higher capacity, but it is well first to try
the very high electrolytic capacities, which
come in small containers, about as long as
your finger and twice its diameter. There
is greater volume if the electrolytics in
this circuit are connected in the a.v.c.
filter with positive to a chassis and nega-
tive to the resistor.

There should be no trouble in the tuner,
as it is familiar and besides follows
authenticated lines. Neither should there
be any trouble in the succeeding part of
the receiver if directions are followed.

Fixing Up One Coil

Perhaps it is just as well to build the
audio circuit as shown and try it out. To
accomplish the construction with parts
normally obtainable it is necessary to get
a center -tapped intermediate coil, remove
the interconnection of the two wires that
create the center, so that you have two
separate coils, both fed from the same
primary, and also to remove the tuning
condenser that was across the center-
tapped secondary. This condenser removal
consists merely of unsoldering the connec-
tions, or one of the connections, if the
condenser is used as a surpporting bracket
for the coil, as is true in some assemblies.
Now you have a coil with the required
three windings and the secondaries are
connected with beginning of one coil to
anode, beginning of other to anode, and

ends to loads. Select your own "begin-
ning."

Unfortunately, the ratio is not favor-
able, as the input to each diode is only
half of what it could be if each separate
secondary had twice the number of turns
it now has, that is, each had the same
number as the primary. This is not a
serious drawback, however, for trial of
the circuit, but merely results in somewhat
less quantity of sound than one might
expect without knowing a cause of this
reduction.

It would be advisable to have the wind-
ing serving the lower diode somewhat
more closely coupled to the primary than
is the other secondary, if this is practical
in the coil assembly, because the voltage
will tend to lag in the lower branch, where
it is preferable to have it higher so that
it may 'be adjusted to equal the other.

The audio resistors used should be
measured and equal values included. This
applies particularly to the 0.25 meg. and
5.0 meg. values. Then the resistor Rx,
which may be 0.5 meg., is adjusted until
the same plate current flows through each
0.25 meg. in the 58 circuit, when a steady -
modulated oscillation is put into the
antenna. This means that broadcasting
stations may not be used for the test but
a single -tone -modulated test oscillator
should be.

Hot Resistor Test

In the absence of instruments or
knowledge about devising testing methods
additional to what has been suggested,
one may simply feel the 0.25 meg, resis-
tors in the 58 plate circuits. The one in
the upper branch can't be troublesome, so
judge by it. Feel the other one. If it is
perceptibly hotter there is grid current in
the plate circuit of the lower 58, so use
more of Rx, or, if fixed values are being
used, include a higher resistance for Rx.
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FREQUENCY OF 175 K.C. IN A BROADCAST -BAND RECEIVER

A typical circuit for the 1A6, with notation of socket connections. Details
are given for oscillator coil assemblies.

Cathode Feedback in Oscillator

+

A modulator circuit, as at left, may be coupled with a local oscillator
in a superheterodyne where the feedback winding in the oscillator is

through the cathode circuit (right).

L2

HOW 1
Pentagrid Cc
THE type 1A6 tube is a pentagrid con-

verter designed primarily for use as
a combined oscillator and mixer in

battery -operated superheterodyne receiv-
ers. The 1A6 possesses many operating
advantages over the oscillator -mixer com-
binations hitherto employed for battery -
operated superheterodynes. Among these
advantages are: Economy in A current
drain, greater operating stability, higher
and more uniform translation gain,
volume -control effectiveness comparable
with that of a super -control amplifier in
an i-f stage, reduction or elimination of
the intercoupling effect between the sig-
nal and the oscillator circuit, almost
entire elimination of radiation from the
local oscillator, simplicity of oscillator cir-
cuit adjustment, and economy in chassis
space requirements.

Resembling the 2A7 and 6A7 in both
function and operation, the 1A6 is subject
to the same general operating require-
ments as those applying to other penta-
grid converters. The circuit shows a
desirable arrangement for the 1A6. An
explanation of the various circuit elements
is included.

Coupling Between Units
The design of a superheterodyne re-

ceiver employing the 1A6 is conventional.
There are no unusual features which must
be taken into consideration. The r -f input
circuit, the i-f transformers, and the gang -
tuning condensers are designed in the
usual manner. No data are given in this
note on the design of these parts, since
they will vary greatly with the intermedi-
ate frequency used and the frequency
band to be covered by the receiver.

In designing oscillator coils for the
1A6', the coupling between oscillator grid -
coil and oscillator anode -coil should be
slightly greater than that commonly used
with triode oscillators. Tests have shown
that for the 1A6 the ratio of M/L (the
mutual inductance M between the oscil-
lator anode -coil and the oscillator grid -
tuning -coil to the inductance L of the
oscillator grid -tuning -coil) should be ap-
proximately 0.35.

Higher values of coupling than that
obtained with the above ratio may cause
difficulty in tracking the oscillator fre-
quency with the signal frequency, while
lower values of coupling will result in
reduced translation gain.

The diagrams show details for the con-
struction of three oscillator coils designed
to give good results with the 1A6. There
are no unusual features involved in the
design or construction of these coils. Two
methods of construction are shown to
enable the designer to choose the coil
form better suited to his space require-
ments. Each of the three coils shown has
an M/L ratio which will give satisfactory
operation of the 1A6. The coils shown are
suitable for use with an intermediate fre-
quency of 175 kc in a broadcast -band
receiver. The use of other intermediate
frequencies will necessitate changes in the
inductance of the coils. Usually coils
which are suitable for the 2A7 or 6A7 will
be found to be satisfactory for the 1A6.

The curve sheet shows the conversion
transconductance of the 1A6 versus sig-
nal -control -grid volts. This curve was
taken with 180 volts on the plate of the
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) USE THE 1A6
venter Tube for Battery Sets

With 135 volts on the plate; the con-
Tsion transconductance usually will be
;out 90% of the value shown. The
}lume-control capabilities of the tube are
early indicated by the curve.

Translation Gain Formula.
The translation gain obtainable with the

is:

'here
a = Voltage ratio of the i-f transfomer

= Conversion transconductance
= Effective impedance of the i-f trans-

former across the input terminals
rp = Plate resistance of the 1A6.
With transformers ordinarily used, the

IS.nslation gain of the 1A6 approaches 40.
ith special high -impedance transform-
s, a gain of approximately 60 can be
,tidily obtained.

aScZrp

Z rp

TYPICAL OPERATING CONDITIONS

te supply voltage 135 180 Volts
cillator grid leak

IRO 50,000 50,000 Ohms
illator grid con-

-Oenser
illator anode -grid

upply voltage
een supply voltage

:.nal control -grid
,ias voltage
:dilator control -

,11: -rid current
cillator anode -grid
urrent
teen current
ate current
tal cathode current

011ator coil M/L

200 200 inmfd.

135
67.5

180* Volts
67.5 Volts

-3 -3 Volts

0.2 0.2 Milliamperes

2.3 2.3 Milliamperes
2.5 2.4 Milliamperes
1.2 1.3 Milliamperes
6.2 6.2 Milliamperes

atio 0.35 0.35
rlaversion transcon-
nictance at -3 volts

grid 14 275 300 Micromhos
aversion transcon-
uctance at -22.5
rolts on grid 1.4 4 4 Micromhos
ate resistance 0.4 0.5 Megohm

The oscillator anode -grid voltage must not
,;eed 135 volts. If the oscillator anode grid is
bplied from a plate -voltage source of more than
5 volts, a voltage -dropping resistor must be used.
lith 180 volts plate supply, a 20,000 -ohm voltage-
14,ping in series with the oscillator anode -grid will
Yuce the voltage to a permissible value.

Conversion Transconductance is defined as the
io of the intermediate -frequency component of

mixer output current to the radio -frequency
nal voltage applied to grid t4. In determining

performance of a frequency -converter stage,
is used in the same way as gm (mutual con-
tance) is used in a single -frequency amplifier

tnputations.

Latitude Permitted
The tabulation gives typical operating
nditions for the 1A6, but these condi-
5ns do not necessarily provide the best
sults obtainable. The voltages, resistors
14 coils may be varied within fairly wide
its to fit the conditions of a particular

plication, provided that maximum rat-
s are not exceeded.

In general, decreasing the voltage Ec.
id ECIS from 67.5 volts will decrease the
un. The screen voltage must, however,
aver exceed 67.5 volts under any condi-
ns of operation. The optimum value of

Teen voltage is dependent on other elec-
de voltages and on circuit constants.
1 currents will increase with increasing
een voltage. A reduction in the oscil-
or grid -leak resistance Ri increases the

in and, at the same time, the currents.

An increase in the M/L ratio of the oscil-
lator coil operates in the same way.

The total cathode current in the 1A6
should never exceed 9 milliamperes. Vary-
ing operating conditions to raise the ca-
thode current above the 6.2 milliamperes
shown for typical operating conditions
usually will not increase the gain appre-
ciably. Consequently, more satisfactory
operation of the 1A6 is obtained with ap-
proximately 6 milliamperes cathode cur-
rent, since higher values tend to shorten
the life of the tube.

The typical operating conditions for the,
1A6 set forth in this note have given satis-
factory results in our laboratory. In
designing circuits for the 1A6, it must be
remembered that a large number of vari-
able factors is to be taken into considera-
tion, say RCA Radiotron Co. and E. T.
Cunningham, Inc. The tubes are quite
flexible in their voltage requirements, so
that reasonable care in the selection of
the supply voltages and circuit constants
will insure better operation than provided
by combined oscillator - mixer circuits
using tube types not especially designed
for this dual function.

--------

41111111111111111111
Ef =2.0 VOLTS D.C.
PLATE VOLTS. 180
SCREEN (GRIDS N23 & N a 5) VOLTS =137.5
ANODE-GFUD(GRID Na2) VOLTS =135
OSCILLATOR GR1D(GRID 21) RESISTOR -OHMS =50000N
M/L RATIO. OSCILLATOR COIL =0.35 WHERE M IS
MUTUAL INDUCTANCE BETWEEN OSC LLATOR PLATE

50Q

CAL AND GRID COIL, AND L IS INDUCTANCE OF
OSCILLATOR GRID COIL.
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Operation characteristics of the
1A6. The control grid voltages are
plotted against conversion transcon-

ductance in micromhos.

Right or Wrong ?
QUESTIONS

1. Which gives the greater sensitivity,
the 56 tube or the 53 as driver of output,
transformer coupling between?

2. If a transformer has a skinny pri-
mary will the frequency coverage be
greater or less than if the primary were
large?

3. In a resistance -coupled audio ampli-
fier, is it desirable that there should be
a -f regeneration, or should the feedback
filtration be made so complete as to elimi-
nate all such regeneration?

4. What are the power output of the 33
and its amplification factor at standard
operating voltages? What sort of a tube
is it? Is it necessary to filter the output
on account of the large plate current?

5. Is there a tube now available that
affords a constant output? What is the
requirement of a constant -output tube
and what would be its advantages ?

6. Is there a 1.1 -volt amplifier triode,
and if so, state its characteristics ?

7. Can a B supply be utilized for sound
trucks without B batteries?

8. Does a neon tube in television utilize
a large percentage of the available light?

9. Is there a standard classification of
short waves ?

10. What improvements have been made
in the 38, 41, 42, 89 and 2A5 and to what
purpose?

ANSWERS
1. The 53 gives greater sensitivity. Its

two plates may be tied together and its
two grids tied together, to constitute a
single operating tube, and the amplifica-
tion factor will be around 16 instead of
around 8 for the 56.

2. The frequency coverage, or ratio,
will be greater in the case of skinny pri-
maries than with large primaries, because
the capacity between primary and secon-
dary is less. This capacity appears as a
lumped capacity across the coil terminals

of the tuned secondary and therefore
tends to reduce the frequency ratio.

3. It is imperative that there be regen-eration to insure sensitivity. However,
the amount of regeneration must not ex-
ceed a certain level, otherwise motorboat-
ing results. The feedback filtration there-
fore should not be so complete as to re-
move all possibility of audio regeneration.
It would be impractical, anyway, to
achieve such approach to perfection of
filtration at audio frequencies.

4. The power output of the 33 is 0.7
watt and the amplification factor is 70.The tube is a battery -operated output
pentode (power tube), of the 2 -volt series.
The plate current being small, there is no
need of an output filter for the purpose
of protecting a speaker winding.

5. There is no constant -output tube.
The requirement of such a tube is that
its amplifier should have automatic vol-
ume control applied in the same envelope,
perhaps through special geometry of the
single tube. The advantage would be the
isolation of a. v. c. to each stage thus
self-controlled.

6. Yes, the 864, a 1.1 -volt filament type
tube, 0.25 ampere filament current, 135
plate volts, 9 volts negative bias. It is a
Class A amplifier triode.

7. Yes, an auxiliary generator can be
hooked up to the fan belt and made to
supply the plate voltage.

8. No, only a small amount of the avail-
able light cdt1 be utilized in usual prac-
tice, with the television neon tube.

9. There is no standard classification for
short waves, but engineering committees
are holding meetings with the idea of
formulating a proposed standard.

10. These five tubes have been improved
so that the grid emission is reduced con-siderably, thus permitting the use of
higher values of grid leaks.
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STABILIZATION OF I. F.
Method That Is Fool -Proof and Even Enables

Three -Stage Amplifier

By Roger Beale Conant
At left R is a limiting
resistor to prevent put-
ting into the diode -
biased triode all the
rectified voltage. P is
the manual volume
control. A grid leak is
needed in the next
tube. In the drawing
at right a 56 as diode
works into an audio

amplifier.
OSCILLATION in the intermediate

amplifier is a common trouble
these days, with two -stage high -

gain amplifiers, and therefore some pains
were taken to achieve a reliable cure that
applies generally.

In brief, the cure consists of choke -
condenser filtration of each plate circuit
in the intermediate amplifier, and includ-
ing the modulator plate, besides cathode
choke -condenser filtration in the first
intermediate amplifier, with a choke be-
tween the detector and the feed to the
first audio, a small bypass condenser on
the detector side but none on the audio
side, and 1 mfd. for cathode bypass. This
method was applied to three viciously
oscillatory circuits and quieted them all.

Shielding Necessary, Too

Besides the foregoing, the usual shield-
ing of coils and tubes, using standard tube
shields, is necessary. Control grid leads
to overhead caps should be shielded and
shields grounded. Shielded wire suffices.

It was found that a common screen
supply could be used for all tubes served,
including r -f and mixer tubes, as well as
i-f tubes, without introducing any trouble.

The bypass capacity in the cathode and
screen legs had to be 1 mfd., and therefore
some expense is incurred, but it is worth
while, since the sensitivity is lifted to a
high level, with a gain of more than 200
per stage using doubly -tuned coils,, and
no gain sacrificed to attain stability.

Although it was found preferable to
filter the plate circuits as explained, tests
showed that most of the trouble was in
the cathode branches, which can be under-
stood readily, since the cathode is com-
mon not only to the plate, screen and
suppressor circuits, but is common to part
of the grid circuit as well. That is why
the cathode capacities are 1 mfd. for
bypassing, and as an extra precaution the
stage that has the greatest tendency to
oscillate, the first i-f, has a choke in the
cathode leg as well.

Three Stages Practical
Using the same fundamental *parts,

without the precautions outlined being
taken to the fullest, the gain in the inter-
mediate amplifier had to be held down
considerably to insure stability, and yet
when the remedies were introduced the
gain could be as high as the circuit, con:
stants and standard voltages permit, and
the bias had to be no more negative than
standard. It was even possible to use
three stages of i.f. (four coils) without
oscillation trouble. Anyone who has

experimented with three -stage intermedi-
ate amplifiers must know that the stabili-
zation problem is not very simple unless
the reasons for the trouble are known and
the remedies specifically applied to over-
come the known sources of instability.

The full voltages were used on plates
and screens, in fact, instead of the usual
250 volts and 100 volts, the values were
270 and 120 volts, respectively, just to
make the solution a bit more difficult, and
to safeguard freedom from oscillation
when the method is reproduced in actual
250 -volt and 100 -volt practice.

The intermediate amplifier, therefore,
can be completely stabilized, and it is not
necessary to use large condensers, or
even very large chokes, in the separate
plate legs. The choke coils used were
small honeycombs of 800 turns, induc-
tance 10 millihenries, and the capacities
recommended are 0.002 mfd. Larger may
be used without any disadvantage, smaller
ones may be used, but not so small that
the frequency of the choking circuit is
higher than that of the intermediate
amplifier.

100. kc Maximum
The choking frequency should be con-

siderably lower, as the necessity is to
create a low-pass filter. If the capacity
is as low as 0.00025 mfd., and the choke
is 10 mlh., then the natural period is 100
kc, which is low enough for any of the
popular intermediate frequencies, that is,
for 175 kc or higher. The highest inter-
mediate frequency used in this class is
520 kc, but even that is not so generally
encountered, and is rather special to
home -constructors of particular types of
kit -sets.

It is obvious that the coupling in the
screen circuits is not large, as a con-
denser gets rid of any tendency to back -
couple, provided it is large enough, and
1 mfd. is sufficient. Just why any large
capacity should be necessary for rela-
tively high frequencies (and the inter-
mediate frequencies are high compared to
such a capacity) is not clear, but it is
certain enough that the large capacity did
the trick, when aided by the other devices.

Special Cases
The use of standard bias of course is

consistent with full amplification. The
difference between 800 ohms and 300 ohms
as biasing resistors means a difference of
almost 60 per cent. in the amplification,
which is certainly important. Then, too,
the, second detector may be used in half -
wave fashion, if desired, as this affords

twice the voltage that is obtainable from
full -wave detectors.

Some incidental aids are necessary, and
if a diode detector is used with direct
coupling to the triode, as in a 55, a 10 mlh.
or higher inductance choke should be con-
nected between the grid of the tube and
the terminal of the coil from which pick -
off is taken, and a small condenser put
from pickoff point to ground, but none
across the other end. Sometimes, in ex-
treme instances, the value of this capacity
has to be made consistent with stability,
and while 50 mmfd. usually will prove
sufficient, in some instances the value had
to be doubled. This assumes a load
resistor of around 0.5 meg. In the actual
instance 0.6 meg. were used, because a
meter was handy that had 2,000 ohms per
volt resistance, and 300 -volt scale, so the
voltmeter setup could be used as a current
meter directly, because of 600,000 ohms
series resistance, and indeed as voltmeter,
too, directly disclosing the amount of the
rectified voltage.

It was found that with a long aerial the
loudest local station developed 70 volts at
the diode output, which is palpably too
much, especially since any diode -biased
audio amplifier, as the triode of the 55,
stops doing business soon after 30 volts,
and all one hears then is a lot of hash.
It wouldn't improve the situation one bit
if stopping condenser and leak were used,
as the distortion would be just as bad, due
to action of the tube on the positive
portion of its characteristic.

58 as Diode -Biased Tube

The 55, 2B7, 2A6 and other tubes having
diode elements are not the most satis-
factory as diode -biased when one has a
very sensitive set, uses a long aerial and
lives near strong stations, because of the
high voltage occasionally put into the
first audio amplifier. Of course a volume
control ahead of the first a -f tube would
provide a check, but a tube with an ex-
tremely remote cutoff would be preferable,
and therefore a 58 could be used sepa-
rately as the diode -biased tube, and the
55 triode not used at all, or, if used,
devoted to i-f amplification, as the third
intermediate amplifier, if three stages are
to be used. Even at 50 volts negative bias
the mutual conductance of the 58 is some-
thing, whereas with the other tubes in the
same general amplifier class, it is nothing.

It is advisable with all the diode -biased
tubes to have a small starting bias, that
is, some bias even if there is no signal.
Otherwise there will be grid current at

(Continued on next page)
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1-V OR 12Z3 AS RECTIFIER?
Which One Would You Choose and

On What Basis?

D C LOAD MILLIAMPERES

FIG.I

THE type 1-v and type 12Z3 tubes are
half - wave vacuum - type rectifiers
having heater voltages of 6.3 and

12.6 volts respectively and heater currents
of 0.3 ampere each.

A tabulation of their rated characteris-
tics follows :

1-v 12Z3
Heater Voltage 6.3 12.6 volts
Heater Current 0.3 0.3 ampere
Maximum A -C Plate

Voltage (RMS) 350 250 volts
Maximum D -C Output

Current 50 60 ma.
These two rectifiers may be used in

transformerless universal receivers having

0 20
D -C LOAD M LL AMPERES

FIG 2

C LOADOTTPER 3

series heaters, for which application, the
12Z3 is perhaps the more useful since it
has the greater voltage drop across the
heater. The 1-v because of its 6.3-vOlt
heater may be used in automobile receiv-
ers or in a -c operated receivers enlploying
the 6.3 -volt tubes. In general, in making
a selection between these two rectifiers,
the choice will be determined by the most
suitable heater voltage, say RCA Radio-
tron Company, Inc., and E. T. Cunning-
ham, Inc.

Figs. 1 and 2 showing regulation charac-
teristics of the 12Z3 and 1-v indicate that
the 12Z3 has slightly better regulation
than the 1-v. The 1-v will supply at 350

.
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0 50
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FIG 4

volts rms input approximately 400 volts
d.c. at 50 milliamperes, and the 12Z3 will
supply at 250 volts rms input approxi-
mately 300 volts d.c. at 60 milliamperes.

Figs. 3 and 4 show the ripple, or rms
voltage developed across the first filter
condenser. This is observed to be prac-
tically the same for both tubes. From
these curves it is apparent that doubling
the first filter capacity will halve the
ripple voltage developed across the con-
denser, and that to secure the ripple
voltage for any load only one point need
be known since these curves are approxi-
mately straight lines passing through the
origin.

High Gain from I -F Channel
(Continued from preceding page)

small signal input or at no signal. The
reason for grid current despite a small
bias due to signal is that the heater type
tubes of the medium amplifier class draw
grid current at bias values less than 0.8
volt, so it is well to have 1 -volt bias. If
the no -signal plate current in the triode
of the 55 is 2 ma, for instance, then 500
ohms will afford this single volt, and a
bypass condenser across the'resistor frees
it from a degenerative effect on the
circuit.

Time Delay
When the small self -bias is introduced

the diode load resistor is returned to
grounded B minus, as this is necessary
to make the bias effective, for if return
were to cathode the drop in the 500 ohms
would not be utilized in the grid circuit.
With a potential difference of 1 volt be-
tween cathode and ground and load resis-
tor returned to ground, the tube naturally
will not rectify until the signal is more
than 1 volt, that is, until the anode has a
positive radio -frequency value of input,
measured from B minus.

This situation creates time delay, which
means that the detector does not detect
until the bias voltage is overcome by the

signal, but the moment is is thus over-
come, the bias resistor becomes less and
less effective, since the plate current is
being cut down.

Some Sacrifice of DX
Nevertheless, though strong signals are

hardly affected by the 500 ohms at all,
weak ones, below 1 volt, are wiped out, -
so some distant stations may be sacri-
ficed, but they would not be of the type
worth hearing, as less than 1 volt input,
with no time delay, results in grid current,
hence severe low -note attenuation, or
raspiness.

Amplification of different frequencies
being relative, the cure for the reduction
of low -note intensity on weak signals is
to have a volume control that is also a
tone control, to cut down the high audio
frequency response. This may be accom-
plished very readily by using a variable
condenser across the load resistor. While
the volume is not reduced as greatly as
with other methods, the low notes con-
tinue to be heard well at very small total
volume of sound. Some of the more
expensive sets have volume controls that
also are tone controls working in this
direction. The suggested location of the
condenser' control is such as to reduce

the input to the first audio tube, in line
with protecting that tube from danger of
overload and hence saturation.

With a minimum of 1 volt required at
the detector, if there are two stages of
i.f. at 200 gain per stage there is a gain
of 40,000 between the modulator output
and the detector input. With an r -f stage
and good conversion conductance in the
mixer (say, 200) there would be a gain
of at least 2,000, or now a total of
80,000,000. Remember that audio amplifi-
cation has 'not been included, and that has-
as well to do with sensitivity as has r -f
or i-f amplification.

It can be seen, therefore, that large
values of voltage can be fed to an output
tube, or a pair of output tubes. Since we
have found that a three -stage channel can
be stabilized, with overall gain of suffi-
cient value to load up a power tube, it
is practical to use a diode rectifier and
have the power tube direct -coupled by
the diode -bias method. This comes within
the suggestion of using the triode of the
diode tube as last i-f amplifier, but the
power tube, due to large plate current,
would have to be independently biased,
although not necessarily to the full
amount usually recommended. The signal
would take care of the extra bias.
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A Universal
CONCERNING the

circuit printed on page
5 of the September 2nd
issue, will you please let
me know if it is correct
to ground cathode of
the 78 tube? Also please
explain the heater cir-
cuit continuity. What
are some of the ad-
vantages of using the
43 as an output tube?
What is the actual volt-
age applied to the plate
and the screen of the
output tube, if not the
full line voltage? -
O. R. W.

One side of the heater
of the 78 is connected
to the chassis. One side
of the power line is also
connected to the chas-
sis, the negative in the
case of d -c. Hence we
may say that the heater
circuit begins with the 78. The other
heater terminal of this tube, marked (1),
is run to the correspondingly marked
terminal of the 43.

Terminal (2) picks up the heater of the
25Z5, and thence the circuit continues to
the 200 -ohm ballast resistor, which ill turn
goes to the "hot" side of the line. This
does not mean that it goes to the un-
grounded side of the d -c line, for in most
instances the positive is grounded. In
this case the chassis is really the "hot"
side.
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A universal short-wave circuit for earphone
use. This has 78 cathode grounded as any grid

leak detector may be.

The tuning condenser is a 19 -plate
Hammarlund midget having a rated maxi-
mum capacity of 140 mmfd. The tickler
condenser is of the same size and type.

The tuning condenser is controlled by a
slow-motion mechanism. A large dial is
attached to this mechanism and a long,
moving pointer indicates the setting.

The 43 is a splendid power tube for a
universal circuit. It will easily operate a
dynamic loudspeaker if it gets adequate
signal voltage. On strong signals it will
in this circuit because of the fact that the
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first tube is regenerative. But it can also
be used with a headset, and this is how
most short-wave signals are received.

The 750 -ohm bias resistor in the cathodd
head of the 43 slightly overbiases the
tube, but that is all right for the excess
bias is slight.

The full plate voltage available is ap-
plied to the plate and the screen of the
power tube. This voltage is about 100
volts after allowance has been made for
ti.e bias and the drop in the filter chokes.

* * *

Diode Biasing
DOES NOT bias become zero at times

on diode -biased tubes? Will sets be better
though no new tubes come out?-A. S.

Where the tube is diode -biased it is
well to remember that twice during each
cycle there is no bias due to the signal,
and this no -bias condition occurs much
less frequently at audio than at radio fre-
quencies, a point in its favor, whereas the
static condition is that of no bias con-
tributed either way by any signal, and
only the self -bias would apply, so the
static or self -bias should be within the
capabilities of the tube.

In general, as the tubes that came out
within the last year or so are used more
and more, and effects noted, improve-
ments result, so that even without any
new tubes being imminent, it is still a
fact that the circuits for the coming
season are better than their predecessors.

* * *

Honeycomb Coils for T.R.F.
CAN NOT HONEYCOMB coils be used

for tuned radio frequency amplification,
especially as they are so compact, and a
small shield is possible? For compact
sets, such as used for automobiles, I don't
see why this idea has not been taken up..
Is the usual solenoid superior? What
about the shape factor, whereby the di-
ameter of all commercial broadcast sole-
noid coils is around half (or less) the axial
length of the winding? I thought this
developed a high r -f resistance. What is
the effect of using Litz wire ?-K. L. M.

Honeycomb coils can be used, and there
is one coil manufacturer producing them,
but not in shielded form. They work well.
The solenoid is in some respects superior.
For compact sets, where much is sacrificed
anyway, it is entirely feasible to use
honeycomb coils for tuning circuits, and
because of the little antenna pickup it
would be practical to wind with Litz wire.
This type of wire is better at the lower
radio frequencies, hence winding a coil
with such wire results in a more nearly
even amplification. However, in car sets
there is much to overcome, as the short
aerial is particularly good for higher fre-
quencies, but weak on lower radio fre-
quencies. Thus equality of amplification
would not result, without additional means
of insuring it, but the effect would be in
the right direction, anyway. The shape
factor of coils as used commercially for
broadcasts is out of proportion, but quite
a latitude is permissible, as the perform-
ance change is small within a large factor
change. However, there is no doubt that if
the shape factor were somewhat better
the coils would be somewhat better, also.
Practical requirements dictate the factor-
a small diameter and the necessity there-
fore of using a fine wire so as not to ex-
tend the axial length of the winding over-
much. The "ideal" coil has a diameter
2.47 times the winding space.

* * *

Marconi's Ultra Waves
MARCONI REPORTS that ultra waves

travel father than others are willing to
admit, some 170 miles, or beyond the hor-
izon quite some. Is it a fact, or is it not,
that the penetration of these waves is
limited to the horizon? What is the ex-
tent of Marconi's contribution?-J. E. C.

Nobody doubts that Marconi's ultra
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waves, around 45 centimeters, were re-
ceived over distances of 160 and 170 miles
in his experiments last year and this year,
but how he has accomplished it is not
definitely known to the science, for he
has kept the details secret. It is agreed
that ultra waves behave somewhat like
light waves, and that is why they are
called quasi -optical waves. The general
impression has been that their radiation is
limited to the horizon distance. This dis-
tance is not a fixed quantity but depends
on the altitude of the point of radiation.
Thus from a high tower the distance to
the horizon would be greater than from
the ground to the horizon, just as the
hypothenuse of a right-angled triangle is
always longer than the base. The curva-
ture of the earth is regarded as the de-
terrent to any considerable distance pene-
tration of ultra waves, but the similarity
with light -wave propagation brings up the
phenomenon of light "turning a corner,"
as it were. Einstein in his relativity
theory pointed out the effect of magnetism
and gravitation on light transmission, and
the same condition may cause the ultra
waves to go considerably beyond the tech-
nical horizon.

* * *

Transformerless A -C Set
IS IT PRACTICAL to have a good a -c

set, using no transformer, but car type
tubes, and heater rectifier? What output
tubes would you suggest?-K. C. B.

Yes, it is entirely practical, for it simply
amounts to building a universal type set
and not using the d -c option. The rectifier
may be the 25Z5, the amplifiers the 78's,
with a triode detector push -pull -trans-
former coupled to a pair of 48 tubes. All
heaters, including rectifier, would be in
series.

* * *

Five -Tube Universal
PLEASE SHOW a design for a five -

tube universal receiver, using the 25Z5
rectifier, with limiting resistor value noted
(heater circuit). -0. H.

The circuit diagram is printed herewith
and shows choke primaries not inductively
related to tuned secondaries, but capacity
coupled to the secondaries by the self -
capacity of a very small winding (usually
one, two or three turns over secondary).
Thus one terminal of the small winding
goes to plate or antenna, other terminal
being left open, so to speak, although due
to the condenser effect there exists a
closed circuit in reality. The value of the
limiting resistor is noted, as requested, and

other values are values constants of other
parts are given.

* * *

I -F Selectivity
IT HAS BEEN STATED that the

doubly -tuned intermediate transformers
are more selective than the singly -tuned -
circuit intermediate transformers, but I
can't understand why this should be, since
it has been my experience (consistent with
the theory I have studied) that an inevit-.

able band-pass effect or double -hump ex-
ists, with the doubly -tuned circuit, and
therefore the selectivity should be less.
Which is right? -K. R. W.

Either one may be more selective than
the other, depending on factors not dis-
closed. For instance, assume a singly -
tuned transformer, untuned winding in the
plate grid circuit, tuned winding in the
grid circuit. If the coupling is loose the

selectivity will be a certain amount, and
may be greater than the selectivity of the
doubly -tuned transformer of equal or even
looser coupling. However, gain is another
consideration, and to keep this high the
singly -tuned type uses tight coupling,
while the other invariably uses rather
loose coupling, and besides affords ex-
cellent gain due to both circuits being
tuned. When the peaking is accomplished
both circuits of the double type trans-
former are tuned as near as may be to
the same frequency, and while the result
is not a single frequency, but a narrow
band, the attenuation 10 kc off resonance
for, stated input may be better than in
the instance of the singly -tuned trans-
former. The theory you Suggest is of
course correct, but the effect of the two
types in respect to selectivity depends very
much on the degree of coupling.
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Station Sparks
By Alice Remsen

AUDITIONS AND CONTRACTS
Auditions and still more auditions for

Fall programs ! No less than nineteen con-
tralto warblers competed for the Ex -Lax
contract. Three made the grade for final
auditions-two Columbia artists and one
freelance. As might be expected, one of
the Columbia staff won out and so you
will hear the voice of Gertrude Neissen,
combined with the music of Isham Jones'
Orchestra and the comedy of Lulu McCon-
nell, when the chocolate laxative reaches
the air. . . . At the pre -showing of the
Metro -Goldwyn -Mayer film, "Broadway to
Hollywood," a great many radio stars were
seen. Paul Whiteman was among them;
first time I had seen him since the shrink-
age ; and has he shrunk? Well, rather !
He looks great ! Ted Husing was popping
around all over the place, and so was Nick
Kenny, the poetically inclined radio editor
of the New York Daily Mirror; and music
publishers ? yes ; they were there in droves.
The film tells the story of a vaudeville
family, from the 1880's to the present day ;
very true to life. Alice Brady and Frank
Morgan give marvelous performances. The
National Variety Artists, Inc. attended in
a body ; marched from the N. V. A. Club
to the Capitol Theatre, with flags, torches
and a drum corps. Lot of fun; eyes were
wet before the end of film. . . . Understand
that Rocco Vocco, for many years with the
Feist Music, Inc., has left that firm to go
with Bobby Crawford and the De Sylva,
Brown & Henderson firm ; wish him lots
of luck ! . . . Jack Pearl will retain the role
of Baron Munchausen this season; same
sponsor, but the show will be for one half
hour only, Saturdays 9:00 p. m., WEAF;
opening program, October 7th. . . .

* * *

WHAT THEY'RE DOING-AND
WHERE!

American Oil Company (Amco) is the
next new show to be auditioned. Style of pro-
gram not yet decided upon ; probably name
band and singer, with comedy skit here and
there ; it will be heard over the Columbia
air -waves. . . . J. C. Nugent, the playwright -
actor -manager, has a thirty-nine week con-
tract with Dill's Mixture, over NBC, start-
ing some time in October. . . . It is quite
likely that you will hear the voice of Patri-
cola, erstwhile vaudeville headliner, on an
NBC sustaining series very shortly ; her
audition was favorable. . . . Peter Dixon
has caused considerable talk, and made many
literary gents look to their laurels in the
field of radio, since his "Children of Israel"
skit on Al Jolson's broadcast the other eve-
ning, came over the air so well. You did
one sweet job Peter ! Congrats ! . . . Did
you hear Roy Atwell on WEAF last Fri-
day evening at 9:00. He's as funny as
ever. . . . Myrt and Marge are unlucky
again. Myrt is in a hospital in Los Angeles
after being seriously hurt in an accident ;
Marge is stranded in the Andes, where she
went in search of local color for their skits
during the coming season ; snowbound, of all
things. . . . To those of my readers who
have been inquiring as to the whereabouts
of Frank Knight, erstwhile Columbia an-
nouncer; he has been signed up by WMCA;
which reminds me that Al Smith, our own
beloved ex -governor of New York, is in-
terested in the management of that station ;
and the new chain is materialising ; within a
week or so, WMCA expects to have eleven
stations hooked up, reaching as far West
as Michigan. . . . Virginia Rae. who was
the Olive Palmer on the old Palm -Olive
Hour, is scheduled to sing at one of the
concerts to be held during September in the

Madison Square Garden, New York. . . .

Welcome Lewis is still playing in vaude-
ville. . . . Jack Arthur made such a hit
during his engagement at the old Roxy
Theatre, New York recently that a route
is being laid out for him immediately at a
big figure and Jack will make more money
this season than ever before. . . .

* * *

ANOTHER NEW CHAIN
Another new local station tie-up has been

.announced; the Biow Advertising Agency
and a noted watch manufacturer have united
to establish a local chain, with WODA and
WAAM as the nucleus of the hook-up. . . .

And now it comes out that Conrad Thibault,
the baritone, has so much radio work he is
forced to turn down a few programs ; he's
a lucky man; there are plenty of excellent
artists starving to death these daays. . . .

Muriel Pollock is back from her Europeantrip. . . . Great Moments of History goes
into the discard on October 8th and a new
show steps into its place, with Ozzie Nel-
son's Orchestra, singer Harriet Hilliard
and comic, Joe Penner. . . . One of my
favorite songwriters, Allie Wrubel, has a
new song with the Berlin firm which will
be heard plenty over the air -waves in the
next few weeks; it is titled "And So Good-bye"; think it's a hit. . . . Arthur Pryor,Jr. will be a busy man early in October,
when the famous program, "March of
Time," goes back on the air; Pryor directs
this series, and what a job it is; ten hours
a day from Tuesday afternoon, to Friday
evening he devotes to its preparation, but
the result justifies the time spent and the
hard work necessary for its production, for
without a doubt it is one of the finest pro-
grams ever sent out over the air. . . .A newthree -a -week series for housewives made
its debut on September 11th, with Mrs.
Mary Ellis Ames, widely known economics
authority, in charge; each Monday, Wed-nesday and Friday, 11:30 a. m. EDST ;
WABC and network; under the title of
"Kitchen Close-ups," with Mrs. Ames giv-ing appetizing recipes, authentic tips on
kitchen savings and short cuts in the day's
routine about the home. . . .

* * *
SOME BIG BOYS AND GIRLS

Harriet Lee is back again on WABC,
singing with the Happy Bakers program
each Monday, Wednesday and Friday ; as-
sociated with Harriet on the bill are thetrio known as Men About Town, althoughtheir title in this particular production is
Happy Wonder Bakers ; they are Phil Duey,
Frank Luther and Jack Parker ; Joe Green's
orchestra supplies the music. . . . The Church
of the Air has entered its third year of
broadcasting; each Sunday through theFall and Winter a nation-wide network willcarry two half-hour periods devoted to
services conducted by outstanding leaders
of the Protestant, Catholic and Jewish
faiths, morning services at 10 :00 o'clock
and afternoon services at 1:00, EDST
. . . Singin' Sam (Harry Frankel) is back
from his Indiana home ; with the other
Hoosier member of the Barbasol program,
Edwin C. Hill, Sam is warbling over
WABC twice weekly, Mr. Hill talking three
times weekly and Sam singing the Barbasol
theme at each broadcast. . . . Kenneth Rob-
erts, the CBS announcer, motored to Cin-
cinnati for his vacation and spent some timethere with his old friend, Paul Stewart,
who is working at WLW, announcing, writ-
ing, acting and master-of-ceremony-ing

. . . Swift & Company will open their new
Fall series some time in October ; the pro-
gram will emanate from Chicago, and 01-

A THOUGHT FOR THE WEEK
THAT N. R. A. CODE is a great thing

for radio, as it is for all other fields of
American activities. We're just wondering
what effect it will have on the efficiency of
some of those sets that don't seem to be
willing to do their share in entertaining the
family or giving complete satisfaction to the
technician,. Can a set listen as well as make
a noise?

sen and Johnson; those two clever comics,
will be starred ; band and supporting cast
not decided upon at this writing. . . . Those
popular and dramatic episodes in the life
of "Marie, the Little French Princess," will
continue over a Coast -to -Coast network this
Fall ;Tuesdays, Wednesdays, Thursdays and
Fridays, 1:00 p. m. EDST; this program
is sponsored by Louis Philippe, Inc., and
features Ruth Yorke as the Princess, and
James Meighan, nephew of Tom Meighan,
as the young American hero. . . .

* * *
AND STILL THEY COME

The "Bill and Ginger" program has a
contract renewal. Very glad to hear it;
these young folk are clever, and the script
is fine, written by my old friend from WOR
days, Arthur Q. Bryan. . . . Goldy and
Dusty are still holding their own on WABC
each morning at 9 :15. .. , That unique
person, known as The Voice of Experience,
is back on the air-waves, giving advice to
poor human sadly in need of that very use-
ful commodity; he has an evening program
now, coast to coast, which started on Tues-day, September 12th, from 8:30 to 8:45p. m., EDST. . . . Walter Preston is sing-
ing just as well as ever; you can hear him
in the new NBC Sunday night show,"Light Opera Nights" ; this show will bring
back memories to you of that fine old show
of Philco, when Dragonette first
started to sing over the air ; the same theme
song, "Memories," will be used ; Harold
Sanford will conduct, and Henry Neeley,the old stager, will be the musical master of
ceremonies. . . . Betty Washington is doing
some good work with her combination vo-cal and instrumental trio over WOR; each
Wednesday, 10 :15 a. m.; the three girls
are Betty Washington, Myrna Westcott andWilla Renard, known as the Rainbow Trio;
under the management of Vincent Sorey
. . . Jerry Macey and Ed Smalle, with
Roger Bower, have lots of fun during their
Household Finance program over WOR
each Wednesday at 9:15 p. m.; they dig
up the funniest old numbers and put themon with all the trimmings. . . . Sidney TenEyck has been retained permanently byWOR and so his engagement with WCAU,
Philadelphia has been indefinitely postponed;
Sid is looking marvelous, and has developedinto a regular Broadway Beau Brummel
. . . Must run along now. See you herenext week.
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TRADIOGRAMS
By J. Murray Barron

The Fansteel Products Co., Inc., of
North Chicago, Ill., announces the ap-
pointment of Carl G. Howard as sales
manager of the battery charger division.
Mr. Howard was an early operator of an
amateur radio station, from which he
branched into the broadcasting and sales
activities.

* * *

That the popularity of set construction
is widespread was conclusively proved
from a survey recently made in connec-
tion with the mail order business. A com-
pletely wired receiver was offered at a
very low price, with little off for the parts
to wire the kit yourself, yet the requests
for diagrams and parts was so large in
proportion that it left no doubt as to
whether kits could be sold. In fact, to
one who would specialize in kits the com-
petition would be far less than in attempt-
ing to sell a wired receiver. With a few
good numbers in the kit line, with a

reasonable price and proper publicity, a
substantial business could be created. The
field is so large that the surface isn't even
scratched.

* * *

After the lean years of both storekeeper
and the public, now to see the decided
change surely makes a fellow feel like
living. It's like recovering from a bad
illness, or the passing of a terrible storm,
with the sun bright after it has been
hidden for days. With the aid of the
NRA, progress has actually been made
and so many of us know dozens who have
returned to work, besides other who have
had incomes increased and hours short-
ened, that we just must believe times are
on the uptrend.

* * *

RCA Radiotron Co., Inc., manufacturer
of radio tubes, has signed the blanket
NRA code.

Literature Wanted
Readers desiring radio literature from
manufacturers and jobbers should send
a request for publication of their name
and address. Address Literature
Editor, RADIO Wont.n, 145 West 45th
Street, New York, N. Y.

Harry E. Coy, County Assessor's Office, Omaha,
Nebr.

Bertram F. Start (Radio Service Engineer), 110
Northumberland Park, Tottenham N. 17, Lon-
don, England.

Pope Radio Service, James L. Pope, 1963 East
82nd St., Cleveland, Ohio.

H. S. Miller, Box 235, Spindale, N. C.
W. H. Crafts, 3050 West Euclid, Detroit, Mich.
C. B. Dickey, 1718 Monroe, Toledo, Ohio.
G. Pasquale, Wellsville S. W. League, 100 Main

St., Wellsville, N. Y.
Aubrey E. Fales, 12 Marvin Ave., Shelby, Ohio.
Oval L. Robinson, 306 Tippett Ave., Morehead,

Ky.
Harry Boerstler, 2619 Park Ave., Cincinnati, Ohio.
Joseph Ingentoff, 336 Locust Ave., Port Chester,

N. Y.
M. H. Ryder, 257 So. Palm Drive, Beverly Hills,

Calif.
Fred J. Haskell, 532 Ash St., Waukegan, Ill.
Gustav Harms 1318 Addison Street, Chicago, Ill.
A. E. Philbricic,Roxbury, Conn.
C. M. Findley, 133 E. State St., Kennett Square,

Penna.
C. A. Kemnitz, Eldorado, Wise.
Frs. Coupal, Brebeuf Co., Terrebonne, P. Q.,

Canada.
G. B. Martin, 3328 Palmer St., Chicago, Ill.
John Meehan, 219 Genesee St., Utica, N. Y.
N. M. Dahlberg, General Merchant, Valemount.

B. C., Canada.
Boris Tolmachoff, "Plum Cottage," Vance Ave.,

Lavallette, N. J.
Jack Litwin, 576 James St., N., Hamilton, Ont.,

Canada.
D. W. Rosenzweig, 124 Sterling Ave., Lafayette,

Louisiana.
A. N. Horne, care Empire Pipe Line Co., Bartles-

ville, Okla,
E. L. Home, General Radio Repairs, Batesburg,

S. C.
W. M. Horton, Lock Box 462, Douglas, Wyoming.

CORPORATE
ACTIVITIES

CORPORATION REPORTS
B. F. Keith Corporation and subsidiary companies
-Net loss for quarter ended June 30, 1933,
$187,127, against a net profit of $43,101 for the
quarter ended March 31, 1933. The net loss for
the six months ended June 30 was $144,025, com-
pared with a net income of $233,424 for the cor-
responding period of 1932.

BANKRUPTCY PROCEEDINGS
Assignments

Lyman Radio Mfg. Co., Inc., address, 142 Liberty
St., New York City, assigned to Fred S. Hare,
of 15 Vanderbilt Ave., New York City.

Musique Radio Mfg. Co., Inc., 142 Liberty Street,
New York City, also assigned to Fred S. Hare,
15 Vanderbilt Ave., New York City.

Petitions Filed -Against
Plaza Music Co., Inc., radio and music store,

of 10 West 20th St., New York City, petition
filed by Electric Motive Mfg. Co., for $624;
by William Brand & Co., for $32; and by Con-
course Condenser Co., for $389.

GOOD RADIO BOOKS
"EXPERIMENTAL RADIO ENGINEERING,"
by Prof. John H. Moreeroft, of the Department of

Electrical Engineering, Columbia University. A
companion book to the author's "Principles of
Radio Communication," but in itself a text on pray
tical radio measurements. Cloth bound, 345 pages
6 x 9, 250 figures $3.51

"FOUNDATIONS OF RADIO," by Rudolph L
Duncan. A treatise for the beginner, setting forth
clearly and carefully the electrical phenomena asso-
ciated with radio. Just the book to give you a
firm grip on the subject $2.51

"THE RADIO HANDBOOK," by James A. Moyer
and John F. Wostrel, both of the Massachusetts
Department of Education. Meets the need for a
complete digest of authoritative radio data, both
theoretical and practical. Flexible binding, 88t
pages, 650 illustrations $5.1111

Remit with order. We pay transportation

RADIO WORLD
145 WEST 45th ST., NEW YORK, N. Y.

PIGTAIL

RESISTORS
Finest Grade Fixed Resistors Made.

RMA Color Coded
1 Watt,Bloldc, Each

RESISTANCE C OLOR CODE
Ohms Meg. Dot

175 0.000175 Brown Violet Brown
350 0.00035 Orange Green Brown
800 0.0008 Gray Black Brown

1,200 0.0012 Brown Red Red
2,000 0.002 Red Black Red
2,700 0.0027 Red Violet Red
3,500 0.0035 Orange Green Red
4,200 0.0042 Yellow Red Red
5,000 0.005 Red Black Red

10,000 0.01 Brown Black Orange
20,000 0.02 Red Black Orange
25,000 0.025 Red Green Orange
50,000 0.05 Green Black Orange
60,000 0.06 Blue Black Orange

100,000 0.1 Brown Black Yellow
250,000 0.25 Red Green Yellow
500,000 0.5 Green Black Yellow
600,000 0.6 Blue Black Yellow

1,500,000 1.5 Brown Green Green
2,000,000 2.0 Red Black Green
5,000,000 5.0 Green Black Green

2 Watts, 16c Each

10,000 0.01

Not Color Coded, but3,500 0.0035 { Marked. Size Ur long
x diameter,

3 Watts, 24c Each
Not Color Coded, but

2,000 0.002 {Marked. Size 254" long
x 7'2" diameter

5 Watts, 42c Each
775

'"'"

Not Color Coded, but
0.0077515n. { Marked. Size PA" long

x %" diameter.
DIRECT RADIO COMPANY

143 WEST 45TH STREET
NEW YORK, N. Y.

WAFER SOCKETS
6/32 mounting holes, 1.11/16 inches apart;
central socket hole recommended, 14 inches,
although 1% inches may be used.
U X, with Insulator 10e
UY, with insulator 10o
Six -pin, with insulator 11e
Seven -pin, with insulator 124

HENNESSY RADIO PUBS. CORP.
145 WEST 45th STREET. N. Y. CITY

MAGNET WIRE TABLE
The magnet

wire table here-
with is useful for
determining axial
length of coil
windings, o r , if
tithe length a n d
wire size are
known, the num-
ber of turns, and
indirectly the in-
ductance.

Another useful
purpose is deter-
mination of the
approximate
amount of wire
fgr current shunts
across meters.
Moving the deci-
mal point three
places to the left,
under continuous
current ohms per
1,000 feet, gives
the resistance per,
foot. For instance,
No. 40 wire has a
c -c resistance of a
little more than 1
ohm per foot.
From the known
meter resistance
and sensitivity, the
required shunt may
be calculated, the ap-
proximate length of
wire obtained from
the table. For low re-
sistance shunts do not
use the finer wires.

Turns Per Inch
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14 2.525

15 3.184 16.9

16 4.016 18.9

17 5.064 21.2

18 6.385 23.6

19 8.051 26.3

213 113.15 29.4

21 12.80 32.7

22 16.14 36.6
B 20.36 40.6
24 25.67 45.2

25 32.37 50.2

26 40.81 55.8

27 51.47 61.7

28 64.90 68.4

29 81.83 75.1

30 103.20 83.1

31 130.10 91.5

32 164.10 100.5

33 206.90 110.1

34 260.90 120.4

35 329.00 131.4

36 418.80 142.8

37 523.10 155.0

38 659.60 167.7

39 831.80 180.5

40 1,049.00 194.5

16.3

18.2
20.3
22.6
25.1
27.8
30.8
34;2
37.7
41.6
45.8
50.5
55.5
60.9
67.1
73.2
79.3
86.5
93.6

101.0
108.5
116.2
T24.2

132.2
140.2
148.3

15.6
16.1
17.9
19.9
22.1
24.4
27.0
29.8

33.0
36.2
39.8
43.6
47.8
52.0
56.8
61.3
66.5
71.9
77.2
82.8
88.4
94.3

100.0
105.8
111.6

117.2
122.8

13.6
15.1
16.7

18.2
20.2
22.2
24.3
26.7
29.2
31.6
34.4
37.2
40.1
43.1

46.2
49.2
52.5
55.8
58.9
62.1

65.3
68.4
71.4
74.3
77.1

79.8
82.3

15.2
17.0
19.1

21.5
23.9
26.8
30.1
33.7
37.7
42.3
47.1
52.9
59.1
66.2
74.1
83.3
92.2

103.4
115.6
129.3

144.9
162.3

181.8
202.4
227.7
252.5
280.1

18.4
20.5
22.8
25.4

28.4
31.6
35.0
39.0
43.1
47.8
52.9
58.4
64.5
71.4
77.8
85.6
93.8

102.7
112.3
122.5
133.3
144.1
156.4

167.7
179.5

17.7
19.7
21.8
24.2
26.9
29.8
32.8
36.4
39.8
43.8
48.0
52.9
57.8
64.1

. 69.2
75.3
81.6
88.2
95.2

102.4

109.8
117.1

125.1

132.2
139.4

14.1
15.6
17.4
19.3
21.4

23.6
26.1

28.9
31.7
34.9

38.1
42.8
45.7
49.7
54.0
58.8
63.0
68.1
73.2
78.5
84.0
89.6
95.2

100.6
106.4

111.6
116.6

13.3
14.8

16.3

17.9
19.7
21.5
23.6
25.9
28.1

30.6
33.1
35.8

38.6
41.4
44.4
47.6
50.3
53.5

56.6
59.7

62.8
65.9
68.9
71.7
74.6
77.1
79.5
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hap hennas:sales, 50 to 160 ke, enabling
roved modulated teat oscillator, Made -

mental
lining up of intermediate frequency ampli-

fiers, t -r -t and oscillator circuits, Is now ready.It is shielded in a metal box 9%" wide x 1194"
deep a 4%" high, with beautiful James' finish.
The test oscillator is obtainable in two models,
one for a -e operation, the other for battery opera-
tion. The same cabinet is used for both.

The a -e model not only L shielded but has the
line blocked, that Is, radio frequencies generated
by the oscillator cannot be communicated to the
tested set by way of the a -e line. This is a
clerestory counterpart to shielding, and a special
circuit had to be deviled to solve the problem.

The modulation in the a -e model is the a -e lice
frequency, 60 cycles, effected by using the Lintvoltage on the plate of the tube. In the cabinet
there is a very high resistance between the shield
cabinet and the a -e, a double preventive of line -
shorting and application of a -e line voltage is the
user.

The oscillator is equipped with an ontimrt lost.
Ne ground connection need be used, as the cir-cuit is sufficiently grounded through the power
transformer capacity to prevent body capacity
effects in tuning.

The frequencies are more accurately read than
normal use requires, being never more then 2%off,and usually not more than 1% off, manyreadings being right on the dot (no discernible
difference). The frequency stability is of a high
order from 190 to 50 kc, and somewhat less from
100 to 150 kc. Zero boats are guaranteed at all
frequencies.

The oscillator was designed by Herman Bernard
and is manufactured under the supervision of
graduates of the Massachusetts Institute of Tech-
nology.

rig...SHIELDED TEST OSCILLATOR!Either 58-1511 kc Fundamental Model, a -c or battery; or 5110 to 1,888 kc Fundamental Model, (broadcast band) a -c or battery, available.
Either model FREE with two-year subscription for Radio World

The test oscillator has a frequency -calibrated dial, 150to 50 kc, with 1 kc separation between 50 and 80 kc and2 kc separation between 80 and 150 kc. Intermediatefrequencies are imprinted on the upper tier. Broadcastfrequencies are obtainable on tenth harmonics (500 to1,500 ire).

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

(104 issues) $12.00
THE a -c model is completely self -operated sad

requires a 58 tube. The battery modal re-
quires external 22.5 -volt small B battery and

1.5 -volt dry cell, besides a 239 tube. The use of
1.5 volts instead of 2 volts on the filament Nemeses
the plate impedance and tho operating stability.The battery model Is modulated by high-pitched note. Zero beats are not obtainable with
the battery modeL

Directions ter Use
Remove the four screws and the slip cover, in-sert the 58 tube is its socket, restore the cover

and screws, connect the a -e attachment plug to thewall socket, and the a -e test oscillator is readyfor service.
For testing some particular set, follow the direc-

tions siren by the designer or manufacturer. In the
absence of such directions, use the following method.

Mentally affix a cipher to the registered fre-quencies on the lower tier (so 50 la read as 500,and 150 as 1,500), and set the for any de-sired broadcast frequency. Connect a wire from
output post of test oscillator to antenna post of sot.
Leave aerial on for zero beats, off otherwise. Atresonance the hum will be heard. Off resonanceit will not be heard. For touting intermediate fre-quencies, connect the wire to plate of the firstdetector socket. The first detector tube may beleft in place and bared wire pushed into'the platespring. The intermediates then are tuned forstrongest bum response. If an output meter isused, tune for greatest needle deflection.

The battery model le connected to voltage sourcesas marked on oscillator outleads and is used thesame way.

NO MORE
CALCULATING

OF INDUCTANCE!

numbers
solenoids,

Get your answers
accurately from
curves in the only
book of its kind in
the world, "The In-
ductance Author-
ity," by Edward M.
Shiepe, B.S., M.E.E.
Two charts, one in
the book, the other
(18x20 inches) as a
supplement, relate
inductance, capacity
and frequency, the
large one from ultra
to audio frequencies.
Thirty-five charts,
with 13 curves oneach, cover the

of turns and inductive results for
for 35 wire sizes and insulation

types. Wire sizes are Nos. 14, 16, 18, 20, 22,
24, 26, 28, 30, 31 and 32. Insulations: single
silk, double silk -single cotton, double cotton
and enamel. Form diameters: 3/4, %, 1, 11/2,
13/8, 11/2, 1%, 2, 21/4, 21/2, 2% and 3 inches.
Pages 9x12, printed on one side only. Price,
$2.00 postpaid, including supplement.

RADIO WORLD
145 WEST 45TH ST., NEW YORK CITY

SOLDERING IRONF R E E
Works on 110-120 volts AC or DC, power,
50 watts. A serviceable iron, with copper
tip, 5 ft. cable and male plug. Send 11.50
for 13 weeks' subscription for Radio World
and get these free! Please state if you are
renewing existing subscription.

RADIO WORLD
145 West 48th St. N. Y. City

115 DIAGRAMS FREE
115 Circuit Diagrams of Commercial Receivers and

Power Supplies supplementing the diagrams in Jobs
Rider's "Trouble Shooter's ManuaL" Theme schen:40s
diagrams of factory -made receiver., giving the manu-
facturer's same and model number on each diagram. in -
elude the MOST IMPORTANT SCREEN GRID RI-cEngras.

The 115 diagrams, each in black and white, on sheets
1$4 x 11 inches, punched with three standard boles for
loose-leaf binding, constitute a suovletneat that must be
obtained by all possessors of "Trouble Shooter's Manual."
to make the manual complete

Circuits Include Boecb 54 D. C. screen grid; Balkite
Model F, Crosley 20, 21. 22 screen grid: Eveready series
59 screen grid; &la 124 A.C. screen grid: Peerless
Electrostatic series; Pbilco 76 screen grid.

Subscribe for Radio World for 8 months at the regale)
subscription rate of $1.50, and have these diagrams de
livered to you FERRI
Present subscriber: may take advantage .1 this
offer. Please ;tat a cross here 0 to oxfaitt
ex -geniis() your exPiratiott date.
Radio World. 145 West 45th St., New York. N. V

LAPEL
MICROPHONE

A single -button car-
bon -granule lapel ml.
crophone, impedance
200 ohms, requiring
4.5 -volt excitation, of
good frequency char-
acteristics, and both
handy and inconspicu-
ous. Outside diameter,
15/8 inches. The case
is chro mium-plated
brass. The excitation
may be provided by
introducing the micro-phone in a cathode circuit carrying around 20to 25 milliamperes, or a 4.5 -volt C biasingbattery may be used. Net price, $2.95.

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

COMPLETE YOUR SUMMER FILE
OF RADIO WORLD

If you are short of any summer issues
of Radio World, send us 15c for each
copy or any 8 for $1.00. Or start your
subscription with any date you wish.
Radio World, 145 W. 45th St., N. Y. C.

CIRCUITS AND SERVICE DETAILSOF COMMERCIAL RECEIVERS in issues ofRadio World as follows: The Philco Model 15Superheterodyne, Oct. 29, 1932; Philco's 4 -tubeSuperheterodyne, Dec. 10, 1932; The Philco 37,Dec. 31, 1932; Philco Service Bulletin -No. 146,Models 89 and 19, Jan. 21, 1933; The Model 28,Newest Sparton Set, Nov. 5, 1932; Spartan 14,14A, and 18, Jan. 7, 1933; The Majestic 324, Nov.12, 1932; Stromberg-Carlson's Latest Circuits, Nos.37, 38, 39, 40, and 41 Receivers, Nov. 19, 1932; ThePilot Dragon, Nov. 19, 1932; National Co. Short -Wave Receivers, Dec. 3, 1932; The New FadaChassis, Dec. 24, 1932; Howard Model M, Jan. 7,1933; The Comet "Pro," 14, 1933; GulbransenSeries 322, Jan. 14, 1933; United American BoschService Corp. Instructions, Jan. 21, 1933; CrosleyModels 132-1 and 141, Jan. 28, 1933; The ColonialC-995, Feb. 11, 1933; Kennedy Model 563, Feb. 11,1933, U. S. Radio No. 700, Feb. 18, 1933; Bosch250 and 251, also Clarion Model 300, and Zenith430 and 440, Feb. 25, 1933. 15c a copy, any 8 issues,$1.00. Radio World, 145 W. 45th St., New YorkCity.

BOOKS AT A PRICE
"The Superheterodyne," by J. E. Anderson aidHerman Bernard. A treatise on the theory andpractice of the outstanding circuit of the day.Special problems of superheterodynes treated au-thoritatively. Per copy. (Cat. AB-SH), postpaid..60o
"Foothold on Radio," by Anderson and Bernard. Asimple and elementary exposition of how broad-casting is conducted, with some receiver circuitsand an explanation of their functioning. (Cat.AB-FH). postpaid 25.HENNESSY RADIO PUBS. CORP.
143 West 45th St. New York City

Vol. III of RIDER'S MANUAL (A New Book)
Just out. John F. Rider's Vol. III Manual weighs nearly 11 lbs. and has 1,100 Pages,all diagrams of commercial receivers, etc. (no text). Sets announced up to May1st, 1933, are included -and complete information on every one. including resistanceva,ues. The volume is original and necessary and does not repeat data that are inVole. I and II.
A Chronological Catalog and Index of all nationally -advertised radio receivers manu-factured and sold in the United States between January, 1921 and January, 1933 arecontained in Volume III. This list will be of tremendous aid in the identificationof receivers for which the model number is not known.
Complete data include schematic wiring diagrams; chassis wiring diagrams: partslayouts; photographic views of chassis; socket layouts; voltage data; resistor values;condenser values; location of alignment and trimmer condensers; alignment and trimmeradjustment frequencies; intermediate -frequency amplifier peaks; alignment and inter-mediate -frequency adjustment instructions; color coding; transformer connections; point-to-point data; continuity test data; parts list with prices; special notes.
Complete tabulation of tube data showing electrical characteristics and constants forall of the tubes employed in radio receivers and amplifiers since 1921. Also a tableof interchangeable types.
A complete table of I -F. peak frequencies as used in radio receivers. This listaugments the information of this type shown upon the diagram pages. Intermediate -frequency amplifier peak information is very important because quite a few of themanufacturers employ more than one figure in their year's Production. A wrong guesson your part means trouble.

Order Cat. RM-3 @ $7.50. Remit with order and we pay postage. Order C.O.D.and you pay postage.

Volume I -Order Cat. RM-1 @
Volume II -Order Cat. RM-2 @

$7.50

$6.50

Volume ill of Rider's Man-ual has a page sequence inaccordance with Vols. I andII, and is not cumulative, er
repetitive of the earlier vol-
umes. However, it containsan index for all three vol-URNS.

HENNESSY RADIO PUBLICATIONS CORP.
145 WEST 45th STREET, NEW YORK CITY


