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See Page 5 for Article on This Short-Wave Adapter for Any Circuit.
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High Gain
at Low Cost

HB44 - - - $45.35
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The HB44, assembled, presents Is sompast form, en a 7V X (1%2" steel ehassls,
a completely AC operated shlelded recelver, using four 224 screen grld tubes, eme 227,

two 245s in push-pull, and a 280 rectifier, elght tubes all told.

Here v the elreult

that wlll bring ’em n from al] over the ceuntry—and at a price you ean afford—

$45.59. Th

Is price Includes EVERYTHING except speaker, eabinet and tubes.

It’s the Real Thing!

Three stages of tuned R.F., using 224 screen grid tubes.

Tuned input to 224
Audio, consisting of

wer detector.
rst stage resistance coupled, second stage 245s in push-pull

Four totally shielded R.F. coils.

A chassis

all drilled for necessary

parts,
A four gang condenser, guaranteed accurate, with equalizing condensers built in
61 mfd. of filter and bypass capacity.
Thirteen different fixed voltages available from the output.
Single dial control.

LIST OF PARTS FOR THE HB44

[0 SL1, SL2, SL3, SL4—Four stage individually shxelded coil cascade

for 00035 mfd. (Four Cat. SH-3 of Screen Grid Coil Co.).......... $ 3.8
0 q, C3, C4—One four gang .00035 mfd. condenser with
equalizers El E2, E3, E4 built in............... 000000000000000000 00 3.9%
0 C5—0One .01 mfd. mica condenser.. 35
D Cs, C7, C13, Cl4—Four 1 mfd. 200 volt DC b pass conde 2.00
C8 One 1 mfd. 550 volt AC filter condenser................... .85
[0 Cs, Cl0, Cl11, Cl12—One Mershon, consisting of four condenser:
two of 8§ mfd. and two of 18 mfd. with bracket (Cat. Q-2-8, 2-1 !-B) 5.15
O R1—Ome Electrad 25,000 ohm potentxometer with knob and two
insulators ao 1.68
0O R2—One 50 with
mounting . a . AS
O R3—One Lynch 5.0 meg. metallized grid A8
[0 R4—One 5,000 ohm resistor with mounting 50
{0 VD—One Multi-Tap Voltage Divider, 13,850 ohms, 14 taps 395
O T1—One push-pull input transformer.. 250
[J OPC—One center-tapped output choke 2.50
{0 T2—One Polo filament-plate supply (Cat. PFPS 7.50
[ Ch—Ore double filter choke coil, 30 henrys each section, 100 ma.. 3.71
[ SW—One pendant AC switch with 12 ft. cable............... 000000 . 8
O PL—One 2.5 volt pilot lamp and bracket...............covuvvre.... 70

[0 Speaker (4), (—), Ant,, Gnd.—Four binding posts wlth insulators 40

[ One Clarostat Humdin ger, 30 ohms
[ Ome subpanel 174’/ x 114", with five UY and three UX sockets..
{0 Omne vernier di

[ Four National grid elips.........ooiiiiiiiiiiiiiieiiiineretrarennes 24

[ All parts (less cabinet, tubes and speaker)...................0u0s. $45.35

[ Tubes: four 224, one 227, two 245, one 280.........o0uvvunneeninnnn.

GUARANTY RADIO 600DS CO.,
143 West 45th Street, New York, N. Y.
(Just East of Broadway.)

Elght tubes lnr
0.D

Please :hm

remittance.

B Please ship all parts for HB44 @.................. ...l $45.52
HB44 ? 9.5

]

a

Enclosed find
(Canadian must be P. 0. or Express

M. 00

FIVE DAY MONEY-BACK GUARANTY

&

USE
LYNCH
RESISTORS

for new Loftin-White Set and Amplifier. auto-
mobile radio sets, and new 245 resistante-
coupled amplifier. Write for catalog and 40-
page booklet.

LYNCH MFG. CO.,

e/

fne., 1775 B'way, N. Y.

AERIAL TUNER

Improves Your Reception

Remove acrial lead from set. Connect aerial
nstead to ome of the binding posts of the Aerial
lTuner. Connect the other binding post of the
Aerial Tuner to antenna post of your set. Then
move the lever of the Aerial Tuner until any weak
station comes in loudest. The lever need not be
moved for every different frequency tuned in.
The Aerial Tuner acts as an antenna loading
coil and puts the antenna’s frequeacy at any
frequency in the broadcast band that you desire
to build up. Price, 85c.

GUARANTY RADIO GOODS CO.
143 West 45th Street
New York Clity
(Just East of Broadway)

WHAT

A BARGAIN
) AT ONLY

348911

Ansonia Gothic Speaker, a
tremendous bargain at. . .$4.891

A loudspeaker that gives you real
performance, that stands up to a 171 or
171A tube without requiring an output
filter, and that works splendidly from out-
put filters in sets using 210, 245 or 250,
single or push-pull, in a genuine walnut
cabinet, all at less than the price of a
good magnetic unit alone! And the mag-
netic unit in this Ansonia Speaker is of
the very best Ansonia type.

The cabinet is of the popular Gothic
type, and is a beauty indeed. Why, the
cabinet alone cost the manufacturer in
thousand lots more than the price now
asked for the complete speaker.

Use this speaker on any set, battery-
operated or AC, and you'll be delighted.

GUARANTY RADIO GOODS CO.
143 West 45th Street, New York. N. Y.
Just East of Broadway

Please ship C. O. D. one Ansonia Gothic magnetie
speaker, In genuine walnut cabinet, @ $1.89 plus post
office charges on §-day guaranty of quick refund of pur-
chase prico if I am not satisfied with speaker for any
reason.

Please send me a square model (not Gothic)
unit in square walnut cabinet @ $4.2

but same

S-day Money-Back Guaranty.
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A Universal Adapter

That Works Short Waves With Any Receiver
By Capt. Peter V. O’Rourke

Contributing Editor

[Here is an AC short-wave adapter that requires a filament trans-
former, and three 227 tubes, but steps out for fair.—Editor.]

HE problem of having a dependable short-wave adapter

I that works on any receiver, short of a crystal set, is solved

by the method illustrated in Fig. 1.

This adapter has an untuned RF stage preceding a modulator.
The third tube is the oscillator. The pickup coil is permanent,
being located over the oscillator socket.

The writer has operated this adapter on a short indoor an-
tenna with good results. The circuit operates sufficiently well
to warrant the assertion of utter dependability, which does not
go for all adapters.

The short wave set up was made, experimentally, on a bread
board 7x9 inches, of the 18-cent variety, with the handle cut
off. The various parts were mounted on the board with 6-32
brass machine screws and hexagon nuts.

As you face the picture on the front cover the tube nearest
you is the modulator, the tube directly behind to the right is the
untuned stage, and the other to the left is the oscillator.

Where Tuning Condensers Go

The variable condenser to the left is in the oscillator circuit,
the other variable condenser is in the modulator circuit, and
the grid leak and grid condenser are mounted near the back
of the front panel.

Almost directly under the right-hand variable condenser and
mounted on the board is the 1 mfd. by pass condenser. While
directly in front of this the Antenna RF choke is found,
similarly on the left side. The other RF choke is slightly for-
ward by the oscillator Variable condenser and directly in line
with the other RF choke.

The sockets at the extreme left and right are respectively
the oscillator short wave coil and the modulator short wave
coil. These are 4-prong or UX sockets. A third coil (a winding
for coupling purposes in series with the grid leak assembly and
the grid of the modulator tube) is loosely coupled to the oscil-
lator coil.

The heaters of the three tubes are connected in parallel and
a single pair of leads of convenient length is connected to a
source of heater current—a transformer, as indicated, with its
mid taps grounded. The transformer should maintain the heater
voltage drop at the tube terminals at not more than 2.5 volts.

Connections Necessary

The B voltage supply as indicated is approximately 50 volts
and is derived from the B voltage supply of the radio receiver,
to which the adapter is connected. This may be done directly
to the receivers B source, or to a G post of a screen grid tube.
The connections to make the adapter operative (exclusive of
wiring connections) are: antenna connects to adapter antenna
post, ground to adapter ground post. Set connections are: run
wire {rom one side of the modulator plate condenser to antenna
post on the receiver, and run a wire from ground post on
adapter to ground post of receiver.

One terminal on the adapter is the B+ 50 volts, more or less,
which is connected into the B voltage network of the set, or a

HIGHLY SENSITIVE ADAPTER

MG
0005
i i 1 ToAwt. By
—oumfr
RFC 20075 0 Ser
o1 ME0 ToGro.Pust
0004 0
2; ‘00045 RFC 7
[
8001 :
.
'3
€
J 1MFD.
— c— 8050
MORE ORLESS
1=

FIG. 1

A_ SHORT-WAVE ADAPTER THAT WORKS ON ANY

CIRCUIT, CONSISTING ESSENTIALLY OF A MIXER

POWLERED BY A FILAMENT TRANSFORMER, WITH

UNTUNED RF AHEAD. THE B VOLTAGE IS DERIVED

FROM THE RECEIVER TO WHICH THE ADAPTER IS
CONNECTED

thin piece of wire may be curled around the screen grid prong
of a tube taken from the receiver, and when the tube is put back,
a clip is attached to the overhang. The plate output of the re-
ceiver tube cannot be used this way.

If the builder wishes to take extra precautions in the matter of
reducing possible inter circuit leakage, or in other words im-
prove insulation resistance, the use of bakelite sockets and in-
sulators is recommended.

Also the base, if of wood, could be thoroughly dried and
shellacked.

Gives Excellent Results

The adapter is not experimental, in the sense that theory
alone prompts this presentation, but it has been working for ten
days now, and giving unfailing performance. It certainly does
the trick—brings in short waves from all over—and with a simple
setup. The only power needed is a small filament transformer’s
2% volt secondary. The B voltage comes from the receiver, and
the radio frequency voltage from the ether.

The chief advantages are: (1), dependability; (2), high gain,

(Coniinued on next page)
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High Gain in Short-Wave

Entire Rece

Only the Plate Potential, Around 50 Volts,
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by an untuned RF stage and utilization of the entire broadcast
receiver; (3), universal application to any and all receivers, no
matter what tubes the receiver uses.

DC and AC Adapters

It is possible to power the adapter with either AC or DC on
the filaments, and either type will work with either type of
broadcast receiver. The accompanying drawing of a three-tube
adapter is designed for alternating-current supply as far as the
heaters go. This is the most convenient type where AC is
available.

The heater current for the three tubes in this adapter is
derived from a separate filament transformer built into the
adapter. Since all the tubes in the circuit require. 2.5 volts the
transformer need have only one secondary winding, which
should be able to deliver 5.25 amperes or more. While it would
be possible to take the filament current from one of the sockets
in an AC set this could not be done without eliminating part
of the broadcast receiver, which is not practical. Moreover, the
current required by the adapter would be greater than that
required by the tube eliminated and this would upset certain
adjustments in the receiver. Again, if the filament current were
obtained in this manner the adapter would not be suitable for
so many different broadcast receivers.

Let us examine the circuit diagram of the adapter. \We note
first that there is an untuned radio frequency amplifier ahead
of the modulator. This is used to increase the intensity of the
short-wave signals before they are impressed on the modulator
and thus to widen the reception range of the circuit. The first
stage is untuned because the use of more than one radio
frequency tuner on short waves is not practical. Neither is it
necessary to use more than one tuner.

Plug-in Coils Used

Plug-in coils, of course, are used both in the amplifier and
between the RF amplifier and the modulator, because there is
no other practical way of covering the wide band of short waves
which is ordinarily desired. Such coils may be had in small
sizes fitting into regular tube sockets.

The pick-up coil, which is loosely coupled to the oscillator,
is connected in the grid lead of the modulator. This is gencrally
regarded as an excellent way of mixing the frequencies. The
oscillator is of the type in which both the grid and the plate
coils are tuned with the same condenser. This type has been
found to be reliable over wide ranges of frequency.

The two coupling chokes used in the circuit must have as low
distributed capacity as possible since the circuit primarily works
at very high frequencies. This is particularly true of the first,
or antenna. coil, which must be for all frequencies between
20,000 and about 2,000 kilocycles. Distributed capacity in the
winding of this coil would tend to make the coil a condenser in
effect at the ligher frequencies, and this would prevent recep-
tion on these frequencies. There are commercial coils which

SHORT WAVES DEPENDEDABLY RECEIVED

LIST OF PARTS
Two short-wave tuning condensers (.0001 or .00615 mfd.)
One .00025 mfd. fixed condenser with clips
Three .01 mfd. mica fixed condensers
One 1 mfd. by-pass condenser
Cne 80 mfd. equalizing condenser
Coupling winding
Two 800 ohm. wire-wound biasing resistors
Ant.,, Gnd., Output—Four binding posts
Two sets of short-wave plug-in coils, three coils to a set, total
six coils
Two four-prong sockets (for coils)
Three five-prong sockets (for tubes)
Two 50 to 65 millihenry RF chokes
One .0005 mfd. fixed condenser
Two vernier dials
One panel and cabinet
Six extending washers
Three 227 tubes
One filament transformer, 2.5-volt, 6 amp. secondary

have such low distributed capacity that no trouble will be
experienced when they are used.

The second choke in the plate circuit of the modulator tube
works at a much higher frequency than the first and no ditficulty
from the short-circuiting effect of the distributed capacity will
be encountered with the ordinary chokes available.

The use of the second choke and the .0005 mfd. coupling con-
denser in the output is for the purpose of adapting the circuit
to any receiver, no matter what type of input there is in that
receiver. If the broadcast receiver normally works with a loop,
this should be left in position, or else a small coil of equivalent
inductance should be substituted.

Multi-Tube, Short-Wave Receiver

It is realized that when the adapter has been added to the
broadcast receiver it becomes a multi-tube short-wave receiver.
For eaxmple, ii it is put ahead of a 5-tube neutrodyne the circuit
becomes an 8-tube short-wave Superheterodyne, and if it is put
before an 8-tube Superheterodyne the receiver becomes an
11-tube receiver, twice over a Superheterodyne.

Attention must be called to the method of obtaining plate
voltage for the tubes in the adapter. It may be obtained from
a 45-volt battery connected between B plus and ground, or it
may be obtained from the B supply for the broadcast receiver.
Undoubtedly most will want to use this B supply in preference
to using a battery. Well, it is only necessary to run two leads
from the voltage divider to the adapter. One lead is run from
the negative end of the voltage divider to the ground in the
adapter and the other from a suitable positive point to the
terminal on the adapter labeled B plus 50. It is not necessary
to use 50 volts exactly but the nearest available without provid-
ing an extra tap on the voltage divider.

In some receivers the voltage divider may not be accessible
because of shielding and because of the absence of binding posts.
It is, however, always possible to get at a conductor which is
at the required positive potential, for example, the B plus termi-
nal of the first audio transformer. The negative side of the
voltage divider can in most instances be reached by simply
connecting a wire to the metal framework of the receiver, or
to the rotors of the variable condensers.

Operating Hints

The type of oscillator used is such that there may be some
trouble from hand capacity effects. This difficulty, should it
occur, can be avoided by placing a grounded shield made of
heavy tin foil or thin sheet metal back of the panel between
the oscillator control dial and the condenser. If tin foil is used
it can be glued to the panel. The shield must not touch any
part of the oscillator condenser because both sets of plates of
this are “hot.”

The present popularity of short-wave reception is bound to
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Adapter That Uses Your

wer “As Is”

is Derived From the Broadcast Set Itself

result in great improvements in the design of short-wave e ———— —_— 1
receivers and it is the general rule that where most interest is
concentrated there will progress be most rapid. At this time
interest is centered in the Superheterodyne type adapter for
short waves, and since this type is ideally suited there should \
be a rapid development both in the technique and in the popular X
interest.

One phase that should be studied thoroughly is modulation of
mixing. What is the best mixer for a short-wave adapter of
the type discussed herein? Should the oscillation current be
introduced into the modulator tube by way of a coil connected
in the grid lead, by a coil connected in the grid return lead?
If a screen grid tube is used for modulation is it better to
connect the pick-up coil somewhere in the grid circuit or in
the screen grid circuit? If it found that coupling to the screen
grid gives better results, what should the steady voltage be to
give the best possible modulation and greatest sensitivity? Some
of these points have been answered by experimentation already
at certain frequencies but not over the entire frequency range
which such an adapter is expected to cover.

Possibilities of Pentodes

We know that the screen grid tube has possibilities in short L Fig. 3 L .
waves, both for amplification and modulation which the three- When tuning in short-wave stations it is sometimes necessary
element tube does not have. But what are the possibilities of to steady the hands by resting them on the table while the
the pentode in this respect? It would seem that it has great vernier dials are turned.
possibilities both as a high frequency voltage amplifier and as

a modulator. It has another element into which the local oscil-
lator voltage may be impressed. There are almost limitless

combinations of voltages that may be applied to the elements, LITERATURE WANTED

and every combination will give a different result. Some of the

combinations should give superior results. The possibilities of Wm. G. Smith, c/o The Vaughan Lumber
the pentode should be explored with a view of finding the best Company, 2nd Nat'! Bank Bldg., Houston, Tex.
combination of voltages and modes of coupling the pick-up coil, boR~ \II\IV CLmebe"Y» 312 No. Forbis St., Greens-
with special reference to the high frequencies that are of great- b e LR
. A . " F. W, Allen, North East, Penna.
est interest to broadcast listeners. This range is from about Ray C. Hubler, 1417 Mentor Ave., Cleveland,
20,000 ke to 3,000 kec. Ohio.
q ’ N . . o . All C. B tein, 501 River St., Hoboken,
There is another field for investigation in the type of detector N. fm ernstein Lver .0 ©
that will give the bhest results on the high frequencies. For Albert Dorn, 3337 N. Waterloo St., 1\?1"13" Pa.
example, is grid bias detection more sensitive than grid con- N I\(\} SK;,’,;'bB?gSO“I%ONET;r?,‘liig°\}$‘ichi‘tas"x§2'§'
denser and grid leak method? We cannot answer this question 7. T. McLain, 1707 Kirk Ave., S. E., Roanoke.
off-hand just because we happen to know the answer when V%.V T
ie 1 - 1 o urto, a -y Duperior, 18,
broadcast frequencies are involved. If grid condenser and leak C.mL_ Stein, 4424 Pen, Kansas Gity. Mo,
detection is the more effective, what should be the values of Pierce T. McCarthy, 185 W. 88th St., N. Y. City.
these elements? Almost certainly they should be different at NathanN F,t\elstein, 946 Forest Ave., Ridgewood,
g i B'klyn, N Y.
20,000 kc than at 550 ke. There are many points to learn about 2w Jamison, Box 62, Idyllwild, Calif.

short waves, and right now most of the research going on in
radio deals with this phase.

ANT. - &7’ %‘La -___Z'f ________________________________
L3 E} L2 ;i ‘?_T -Es i .%P
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DIAGRAM OF THE NATIONAL SHORT-WAVE RECEIVER WITH WHICH HIGH FREQUENCY SIGNALS CAN BE
RECEIVED DIRECTLY.

ON SPEAKER BY USE OF NEW ADAPTER
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FIG. 1.

A GOOD OSCILLATOR FOR A SHORT-WAVE SUPER-
HETERODYNE ADAPTER. THE PICK-UP COILS CAN
BE PUT IN TIHE GRID LEAD OF THE FIRST DETECTOR

OF THE ADAPTER CIRCUIT.

HORT-WAVE adapters based on the Superheterodyne prin-
S ciple have been described in several recent issues of Rario

WorLp and they have aroused much interest. It is confi-
dently believed that this interest will be sustained indefinitely
becanse this type of adapter is the only one that is based on a
sound and reasonable principle. Many other types of adapters
have been described from time to time, but they have never
gained much popularity for the reason that they did not work
unfailingly. If they did give results these were sometimes indif-
ferent. Interest in adapters is higher than ever, and it is impera-
tive to supply substantial designs.

There are many reasons why the Superheterodyne type
adapter should gain in popularity and in widespread distribution.
They will work with any standard receiver of whatever type.
They are sensitive and really are capable of results claimed for
other adapters and short-wave receivers. They are simple to
build and to use.

- 5MH
. -.0001
I

% @

- B+

Discussion of Principle

An explanation of the principle of the Superheterodyne type
adapter 1s identical with an explanation of the principle of
the broadcast Superhcterodyne. The difference is only one of
{requency.

It is well known to Superheterodyne enthusiasts that when
the intermediate frequency is low, there is danger of failure
because the oscillator and the radio frequency circuits will not
act independently. Lior example, suppose that the intermediate
frequency is 30 kc and it is desired to tune in a broadcast sta-
tion of 1,500 kc. The oscillator might be set at 1,530 kc. - These
two frequencies, namely, 1,500 and 1,530 kc, are so close together
that the oscillator may not oscillate at the required 1,530 kc, but
at a frequency which is near 1,500 kc, or exactly 1,500 kc. When
this occurs the 1,500 kc signal will not be received because the 30
ke beat frequency is not produced and the intermediate fre-
quency tuner will not pass any other.

Whether the oscillator can be set so that it will oscillate at a
frequency 30 kc different from the signal irequency depends on
the selectivity of the radio frequency tuner, on the selectivity of
the oscillator circuit, on the degree of coupling between the two
circuits, and on the ratio between the two frequencies. If the
radio frequency tuner is very sclective compared with the oscil-
lator circuit, then for a given degree of coupling the radio fre-
quency tuner will be the more effective in determining the fre-
quency at which the oscillator works. If the oscillator circuit
behaves more selectively, then for the same degree of coupling
the oscillator tuned circuit will have the greater influence in
determining the frequency, as it should have.

Also, for given selectivities of the two circuits, the looser the
coupling between the two circuits, the less will be the mutual
influence on the frequency. In other words, if the coupling is
sufficiently loose the oscillator will not be appreciably affected
by the presence of the radio frequency tuned circuit. Again, if
the ratio of the two frequencies differs considerably from unity
the mutual influence will be small. Thus a Superheterodyne
with a 30 kc intermediate may work satisfactorily at 550 kc and
not at all at 1,500 kec.

Making Ratio Higher

One method of minimizing the effect of one circuit upon the
other is to increase the intermediate frequency. This automati-
cally makes the ratio of one frequency to the other differ more
from unity, and therefore it makes possible a closer coupling
between the oscillator and the modulator circuits. The argu-
ments against the use of a high intermediate frequency have
been that the amplification and the selectivity were lower and
that the instability was greater. These objections are more
academic than practical in view of the present state of the art.
Also, the permissible closer coupling between the oscillator and
the modulator partlv offsets the lower amplification on the higher
intermediate frequencies.

We said this by way of introduction to the Superheterodyne
type adapter because the principles of both are the same, and
any difference is due to frequency. .

Suppose we wish an adapter of this type capable of reaching
down to 15 meter (20,000 kc). What should the intermediate
frequency be? In the first place it must fall within the tuning

The New S

How Mixer Works in Conjunc
By Knollys

range of the broadcast receiver, because the tuner in this is to
act as intermediate frequency tuner. In the second place it must
be as high as practical in order that the ratio between the fre-
quency of the oscillator and that of the signal shall differ as
much as possible from unity. This imposes a choice of an inter-
mediate frequency near the upper frequency end of the broad-
cast tuner range, preferably above the broadcast frequencies if
the tuner is such as to permit it.

2,000 kc Intermediate

Assume for simplicity that the broadcast receiver can be tuned
to 2,000 kc, and that we use this for the intermediate frequency.
If we wish to receive a signal of 20,000 kc we can set the oscil-
lator at 22,000 kc. Then the ratio of the oscillator frequency to
that of the signal is 1.1. This is sufficiently different from unity
to make the oscillator work independently of the RF tuner pro-
vided that the coupling is loose.

We might wish to tune in signals having frequencies as low
as 3,000 kc. To get a signal of this frequency we would have to
set the oscillator at 5,000 kc. Now the ratio of the oscillator
frequency to that of the signal is 1.67.

It is necessary, of course, to have plug-in coils for both the
oscillator and the radio frequency tuner in order to cover this
wide range, that is, from 3,000 to 20,000 kc.

Few broadcast receivers will reach up to 2,000 k¢, or down to
150 meters, but nearly all will reach to 1,500 kc, or 200 meters.
The 1,500 kc frequency can be used whenever it is necessary and
the results will not be much different. Should interference, due
to repeats, occur, this may be avoided by changing the setting
of the broadcast receiver to some other frequency. In this re-
spect the Superheterodyne type adapter is superior to the
“Superheterodyne broadcast receiver, in which the intermediate
frequency is fixed, for when image interference occurs there is
nothing much that can be done about it. Tuning out the inter-
fering station in the radio frequency level is about the only
remedy, but this requires radical changes in most instances. This
is not necessary when the interference can be avoided by chang-
ing the intermediate frequency.

Repeats on Adapter

One way of minimizing repeats on the broadcast Superhetero-
dyne is to make the intermediate frequency high, so that the
radio frequency tuner is set far away from the oscillator fre-
quency. This is not practical in the adapter even if the inter-
mediate frequency is of the order of 2000 kc. The reason for
this is that the ratio of the oscillator frequency to that of the
signal is closer to unity. A 2,000 k¢ intermediate frequency is to
20,000 kc signal frequency what a 55 k¢ intermediate is to a 550
ke signal. IHence troubles from image interference would be
about the same in both instances if the signals at the higher
frequency were as close together as at the lower. Fortunately
they are not, that is, in absolute valucs, though they may be
closer relatively.

Repeat tuning, therefore, may be expected to some extent
in the Superheterodyne adapter, at least for the higher fre-
Guencies. However, as was pointed out, this should not cause
any trouble since it is only a moment’s work to change the
intermediate frequency.

At the higher frequency end of the adapter range the repeats
will be very close together. We found out before that to bring
in a signal of 20,000 kc the oscillator could be set at 22,000 kc,
when the intermediate is 2,000 ke. But it can also be brought in
by setting the oscillator at 18,000 kc. These settings are only
4,000 kc apart, which put them very close together on the dials.
At the other end of the short wave tuning scale they will be a
little farther apart on the dials.

Since there are several coils in a set covering the range from
20,000 to 3,000 kc there will also be several noints in the
frequency scale at which- the repeats will come in close and
several where they come farther apart.

In most receivers it will undoubtedly be necessary to use a
lower intermediate frequency than 2,000 kc. Possibly 1,700 kc
is the highest that can be used in the majority of the sets. The
limit, of course, is determined by the minimum setting of the
tuning control of the receiver.

Possible Troubles

In some instances it may be desirable to tune the broadcast
receiver to the 550 kc frequency. This would have the advan-
tage of making the receiver somewhat more selective than it is
when the receiver is tuned to the upper frequency. But con-
siderable sensitivity is lost, as TRF amplifies more at higher
frequencies. Again it may be desirable to tune it to some special
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FIG. 2

A MODIFIED HARTLEY OSCILLATOR IS USED IN
THIS SHORT-WAVE ADAPTER FOR AC SCREEN GRID
BROADCAST RECEIVERS. IT IS “MODIFIED” TO THE
EXTENT THAT A TUN%IS) 1g’LA’I‘E—GRID CIRCUIT 1S

ED.

frequency at which the intermediate is most sensitive, if this
should be different from the highest frequency, due to trimmers
adjusted for such other sensitivity.

It maay be that an adapter built on the Superheterodyne prin-
ciple will not work even though the wiring has been done
correctly. This trouble is almost certain to be in the oscillator.
Possibly the oscillator is not functioning because the radio
frequency tuned circuit is too close and tuned too closely to the
same frequency as the oscillator. It may also be that the
intentional coupling between the two circuits or the two tubes
is too close to permit oscillation. Another possibility is that the
oscillator coil is in close proximity to a metal in which absorp-
tion occurs. Again, it may be that the voltages on the various
elements are not high enough. A high frequency oscillator has
to be nursed carefully at times.

Verv often a short-wave adapter will oscillate on all but the
smallest coil. The oscillator in the Superheterodyne adapter
must function on all the coils in the set as well as on all the
settings of the condenser for cach coil. If it does not oscillate
the adapter is dead.

The commonest cause of non-oscillation is incorrect coil
polarities. The two windings, plate and grid, should be aiding
each other, not bucking.

When the experienced radio fan reads the assertion that the
Superheterodyne type short-wave adapter can be used success-
fully in conjunction with any broadcast receiver his mental
reaction is one of skepticism. His experience with shor:-wave
adapters has heen such that doubt is natural and apparently
logical. But has he had any experience with the Superhetero-
dyne type of adapter? He has not, for if he had he would
undoubtedly say: “Of course it works.”

Strong Appeal

Even if he has not tried one of these adapters and if he studies
the principle and the circuit diagram of one he will reach the
conclusion that it is worth giving a thorough trial. It is so
simple to build and to try and the principle appears sound. And
it is. The idea of receiving short-wave stations on the existing

SCREEN GR!D
AHORY WAVE Amz

FIG. 3

THE COUPLING OR PICKUP COIL, CC IN FIG. 2, IS
SHOWN HERE PERMANENTLY IN PLACE AT THE
SOCKET THAT HOLDS THE OSCILLATOR COIL. THIS
PICKUP COIL IS NOT ALWAYS NECESSARY, BUT IT IS
A GOOD IDEA TO INCLUDE IT. ABOUT 6 TURNS ON

114 IN. OR 1% IN. DIAMETER WILL SUFFICE.

broadcast receiver with the aid of a simple attachment is very
enticing and many who have had mediocre results with other
adapters are strongly tempted to try again.

The strong appeal of the Superheterpdyne type adapter is
that nothing of the broadcast receiver is thrown away while
the adaptation is made. If the broadcast receiver is a magnifi-
cent Superheterodyne all of that receiver is uscd for the short
waves.

This is true whether that broadcast receiver is operated with
alternating or direct current. If the Dbroadcast receiver is a
neutrodyne, AC or DC operated, the Superheterodyne type
adapter works just as well. That is to say, the short-wave
results are comparable provided that the neutrodyne and the
broadcast Superheterodyne receivers are comparable in sensi-
tivity and selectivity. Naturally, the Superheterodyne would be
the superior circuit and consequently would give better short-
wave reception.

Use With Any Receiver

This, however, does not mean that if the circuit is a neutro-
dyne distant short-wave stations cannot he received. They
surely can, for the neutrodyne is one of the most sensitive
broadcast reccivers ever devised.

It can be used equally well with modern tuned radio frequency
receivers, such as the Hi(QQ30, the MB-29, HB-44 and similar
sensitive receivers. Can it be used with different commercial
receivers? Surely. The Superheterodyne type adapter is not a
respecter of receivers. It is the most democratic of adapters.

Now some receivers are built for AC supply, others for DC
supply, still others for a combination of DC and AC sunply.
This makes no difference whatsoever to the Superheterodyne
type adapter. The only condition is that the broadcast receiver
i5 good as such.

These statements are very comprehensive and it may be that
some one will ask whether it can be used with a crystal set. It
is admitted that the results will not be anything to boast about
because there is no amplification in the crystal set, and it is the
amplification in the broadcast receiver of which advantage is
taken. There are also a few simple one-tube receivers still in
use which are no better than a crystal set. But when we make
claims for the Superheterodyie adapter we talk about good
broadcast receivers, not those which should only be found in
radio museums.

The diagram, Fig. 2, shows a short-wave adapter described
in last week’s issue, March 8th. This uses a modified Hartley
oscillator. It is of the tuned grid-plate variety. This particular
adapter is useful only with receivers that have a 224 tube as the
first radio frequency amplifier. The number of intermediate
stages of amplification is one fewer than the number of TRF
steps in your receiver,

The adapter is as good as your receiver permits it to be. It
is preferable to turn the receiver dial to tune in a frequency
above the broadcast band (I)elow the lowest broadcast wave-
length). To assure utmost sensitivity here it may be advisable
to readjust the trimming condensers on your receiver to this
utmost high frequency to which the receiver will respond.
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FIG

.1
A FIVE-TUBE SCREEN GRID SUPERHETERODYNE IN WHICH THE INTERMEDIATE FREQUENCY IS 500 KC.
IT IS FOR DC SUPPLY AND CONTAINS ONE STAGE OF AUDIO FREQUENCY AMPLIFICATION.

HE trend in the development of Superheterodynes has
I always been to increase the intermediate frequency. At first
the frequency used was usually 30 kc, but when certain
difficulties arose because of the use of this frequency it was
raised to 45 kc. Later it was raised to 60 kc, 90 kc and so on
up to 400 kc, or even higher. This increase in the intermediate
frequency was made largely to avoid image interference, or
cross talk between two stations separated in frequency by twice
the dntermediate frequency. Some designers increased the
frequency for the purpose of making the Superheterodyne so-
called “one spot,” but this was merely another way of expressing
the desire to get rid of the cross talk and the resultmg squealing.
The higher the intermediate frequency the less is the trouble
from image interference because when the frequency is high the
frequency of the interfering carrier is so far removed from the
frequency of the desired carrier that it is effectively suppressed
by the radio frequency tuner, even if its selectivity is only mod-
erate. When the intermediate frequency is low it requires a
high order of selectivity usually not obtainable with less than
two or three tuners. Such circuits are complex and do not meet
with general popular approval.

Going to Extremes

It is only natural when it is discovered that a certain course
of change results in improvement that this course should be
followed to extremes. This happened in the Superheterodyne,
intermediate frequencies, so-called, as high as 3,000 kc being
used. Such frequencies defeat the principal virtue of the super-
heterodyne method, the increased amplification efficiency of
tubes at low frequencies. The introduction of screen grid tubes
has changed this to a large extent but still there is little reason
for using intermediate frequencies higher than the lowest broad-
cast frequency, or higher than the lowest frequency for which
the receiver is designed.

Avoidance of image interference is not entirely achieved by
simply increasing the intermediate frequency no matter how
high it may be chosen. It'is achieved only by sufficient selec-
tivity in the tuned circuit ahead of the modulator. But one
ordinary tuned circuit may be sufficient when the intermediate
frequency is of the order of 506 ke while three similar tuned
circuits would be required at 50 kc. Neither is it achieved by
selecting an intermediate frequency so high that no broadcast
station can be received at more than one setting of the oscillator
dial. This would be true if there were no transmitting stations
operating outside the broadcast band, but there are many more
outside that band than inside.

Advantage of 500 Kc Intermediate

Nevertheless certain advantages accrue from the use of a
frequency of the order of 500 kc. In the first place, the amplifi-
cation of tubes is good at this frequency. That many broadcast
receivers are relatively ineffective at 550 kc is beside the point,
for this lack of efficiency is not due to the tubes but to the
coupling transformers. In the second place, when the inter-
medate frequency is 500 kc no broadcast station can be received
at more than one point of the oscillator dial, provided that the

oscillator is designed to cover the proper range of frequencies.

The broadcast band covers the frequencies between 550 and
1,500 kc. To receive the 550 kc carrier with a 500 kc Super-
heterodyne we must set the oscillator at 1,050 kc or at 50 kec.
Obviously it is not practical to set it at 50 kc so we design the
oscillator so that its lowest frequency of oscillation is 1,050 kec.
To receive the 1,500 kc carrier we can set the oscillator either
at 2,000 or at 1,000 kc. But since the oscillator has been designed
so that its lowest possible frequency is 1,050 kc it is not possible
to receive the 1,500 kc carrier on the lower setting. Therefore
the oscillator should be designed so as to cover a frequency
range of 1,050 to 2,000 kc. If we choose an intermediate
frequency as low as 450 kc the oscillator must be designed so
that there will be some overlapping at the higher frequency end
of the broadcast band.

When the intermediate frequency is 500 kc any two stations
separated by 1,000 kc will be subject to image interference. But
this frequency is so high that almost any tuner for which any
claim of selectivity can be made will be able to suppress the one
not desired when the tuner is adjusted to the frequency wanted.

Simple Intermediate Coils

One advantage of a 500 kc intermediate is that ordinary
broadcast receiver tuning coils can be used in the intermediate
frequency selector. Suppose such a coil has been wound for a
.0005 tuning condenser. Usually when a condenser of this
capacity is connected across the winding supposed to be tuned
the circuit will really be tuned to a frequency less than 550 kc.
It may not reach down to 500 kc but if a trimmer condenser is
connected in shunt with the main condenser it will reach down
easily. Of course it is not necessary to use variable condensers.
Mica dielectric condensers of the same capacity can be used,
and these have the advantage of requiring very little room.
The selectivity of the circuits so formed will be practically the
same as if air diglectric condensers were used.

Regeneration in the intermediate frequency amplifier is
feasible when the intermediate frequency is as high as 500 kc.
There is no reason why it should not be used at 500 kc if it is
desirable at 550 kc. One of the objections against regeneration
in the intermediate frequency amplifier has been that the circuit
becomes too selective in that frequency level. This objection
is valid when the frequencv is low but loses its validity when
the frequency becomes of the same order of magnitude as broad-
cast frequencies. In fact the increased selectivity obtained by
regeneration is desirable because at 500 kc the circuit will not
be nearly as selective as at 50 kc without regeneration.

A DC 500 Kc Superheterodyne

In Fig. 1 we show the circuit diagram of a 500 kc Super-
heterodyne for direct current tubes. We shall give the various
values involved for 222 type screen grid tubes and five-volt
three-element tubes. It can easily be changed to 99 type three-
element tubes by changing the ballast resistors.

The ballast resistors R1, R3 and R4, which serve screen grid
tubes, should be 25-ohm units. Resistors R2, RS and R6, which
serve five-volt, .25-ampere tubes, should be 4-ohm units. Two
rheostats are used for volume control purposes. Rhl in the
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Super-heterodynes
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FIG. ,
THIS SEVEN-TUBE CIRCUIT IS THE AC VERSION OF THE CIRCUIT IN FIG. 1 AS FAR AS THE RADIO AND
INTERMEDIATE FREQUENCY PORTIONS ARE CONCERNED. THE AUDIO AMPLIFIER IS THE LOFTIN-WHITE.

positive leg of the modulator tube should be 30 ohms and Rh2
in the positive filament lead to the two intermediate tubes should
be 10 ohms or more.

T1 is an ordinary input transformer the secondary of which
is wound for a .0005 mfd. condenser Cl. The primary of this
transformer should be rather small in order to make the circuit
selective. The size of the transformer would depend largely on
the room that is available for it. The receiver assembled had
a coil wound on 1.25 tubing with No. 28 enameled wire and the
coil was inclosed in an aluminum shield. The number of turns
on the secondary was 84 and that on the primary 15 turns. How-
ever, a few more turns could have been used to advantage on
the primary. In winding the secondary it is well to put on more
turns than it is thought may be needed in order that there may
be some leeway. Turns can always be removed if it is found
condenser Cl does not cover the desired frequency range.

Adjustment of the Oscillator Coil

The oscillator coil was wound on the same size form as the
antenna coil, namely, 1.25 inch diameter, and it was provided
with prongs to fit into a tube socket. The pick-up winding L1
was wound on the socket and cemented in place. The socket
used had a suitable shape for this. In case a socket of a
different shape is used the pick-up coil can be wound on a
suitable piece of tubing and placed around the socket in a
similar manner. Of course, if the oscillator coil is wound on a
piece of tubing which is not provided with the plug-in feature
it is just as well to wind the pick-up coil on the same form. The
pick-up coil used had 15 turns of No. 24 double cotton covered
wire.

As indicated in the drawing, the tuning condensers Cl and C2
were put on the same shaft. This necessitated the use of the
trimmer C2T. If this arrancement is used C2 may have a
capacity of .000250 mfd. and C2T a capacity of .0001 mfd. That
is, the total capacity, not counting stray capacity, may be
00035 mfd. If the two condensers are mounted an separate
controls, which is recommended, only C2 is needed in the
oscillator and it may have a canacity of .00035 mfd. This calls
for 45 turns of No. 28 enameled wire on the 1.25 inch form for
L2. L3 should then have 36 turns of the same wire.

If the condensers are not ganged it is also possible to use a
00025 mfd. condenser for C2, omitting C2T. In this case the
secondary_winding L2 should have 56 turns and L3 45. The
turns on L2 in either case might be changed in specific cases
to allow for variations in the condensers and in the distributed
capacity, and also to allow for variations in the intermediate
frequency. But it is not necessary to change provided all the
broadcast stations can be tuned in.

The pick-up coil is coupled to the modulator tube through the
screen grid. It will be noted that the screen voltage employed
is only the drop in the rheostat Rhl. It is for this reason that
the plate voltage on the screen grid tube modulator is only 45
volts. If it is desired, the pick-up coil can be connected in series
with the control grid lead. If that is done the screen grid should
be run directly to the 45-volt tap on the B battery and the
plate return should be connected to the 135-volt tap.

Intermediate Transformers

Condenser C3 may be omitted if desired. If it is used it
should not be larger than .0001 mfd. When testing whether or

not it is advantageous in any specific case the test should be
made at the highest broadcast frequency, that is, at 1,500 ke. .

One of the objects of using a 500 kc intermediate frequency. is
to take advantage of the supply of tuned radio frequency. coils,
either of the three-circuit type or the ordinary two-winding
transformer. There are many sizes and makes available.
Regeneration may be omitted if desired, and if it is, the dotted
lines in the plate circuits of the third and the fourth tubes
show the connections.

If it is desired to use intermediate coils of the same type as
that used for T1, the secondaries should have about 100 turns
for a fixed condenser of .0005 mfd. This is the total capacity
including that distributed. The primary turns in this case
should not be less than 50 and they should be closely coupled
to the primary. That is, the primary turns should be wound
over the secondary, with several layers of waxed paper betyveex;.

Special coils are being prepared for all the coils in this circuit
and these coils will soon be available. When they are regdy
they will be described in detail for those who prefer to wind
their own.

When regeneration is used it is necessary to adjust the tickler
turns to fit each specific case. There should be enough to
increase the sensitivity by a considerable amount, yet there
should not be so many that the regeneration cannot be con-
trolled with the rheostat Rh2. In order to get as high sensitivity
as possible with perfect control of the regeneration, the tickler
turns should be adjusted to such a value that the circuit just
oscillates when the rheostat is set at minimum. There is no
way of specifying the number needed because it depends on the
tubes, the applied voltages and on the thoroughness of the
shielding.

It should not be assumed that a high sensitivity cannot be
obtained without regeneration. Two screen grid tubes properly
loaded up amplify enormously. However, in order to take
advantage of the high amplification it is necessary that all the
intermediate circuits be tuned exactly to the same frequency.
The tuning can be accomplished by adjusting the turns on the
secondaries or by putting trimming condensers across C4, C5
and C6, or by using both these methods. The use of trimmers,
although it complicates the circuit, is probably the best, for
they can be placed so that they are accessible after the shields
have been placed around the coils.

Type of Detection

The usual small-signal detection is used because this is the
most sensitive. However, grid bias or power detection can be
used if desired. For small-signal detection R7 might have a
resistance of one megohm and C7 a capacity of .00025 mfd. The
by-pass condenser C8 in the plate circuit may be .0005 mfd.

Only one stage of audio frequency is used because this as a
rule is sufficient in a Superheterodyne. Any high grade trans-
former may be used for TS5. If the last tube shown in the
circuit is to feed the speaker it should be a 112A because this
will give fair volume without requiring overloading of the
detector. This tube will also serve if another stage is to be
added, such as a push-pull stage of two 171A tubes. The 112A
requires a bias Eg of 9 volts when the plate voltage is 135 volts.

While condensers C9 and C10 are shown in the circuit they
are not needed when a B battery eliminator is used to power

(Continued on page 15y
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The Design

of Dynamics

Pot Magnet, Voice Coil and Baffle, Are Vital
By John C. Williams

H DISTANCE MM SHOULD NOT
g BE LESS THAN 47

BAFFLE -
BOARD

FIG. 1
THE SHORTEST PATH TAKEN BY LEAKAGE
WAVE HM AROUND BAFFLE.

HE subject of dynamic speaker design is one with ramifi-
~ations that extend into many fields. It is preferable to
begin with the magnetizing coil and the dimensions of the
magnetizing coil core structure (often referred to as the “pot,”
perhans on account of the general shape). The magnetizing
coil is one of the most important intermediaries because by
taking advantage of changes in its size and shape you can pro-
duce a field magnet that will provide the maximum amount of
magnetic flux with a given exiting power. The next important
item relative to the magnetizing core is the core structure (the
pot). It must do two things: provide an operating flux and at
the same time provide a minimum of “transformer effect” loss
for the comparatively weak fluxes developed in the structure by
the voice coil current (which is alternating in character).
There are several combinations from which to choose design
circuits and since most of these are dictated by economical con-
siderations we must take that fact under consideration also. In
speakers for domestic use (that is, in radio set combinations
for home use) some good designs are possible for pot magnet
coils with as little as 13§ Ibs. of copper wire. These are not
intended to compete with large units such as some of our heavy
theatre or public address models, but to provide ample volume
for general home use. The economical consideration above
referred to are designing a coil that in combination with a given
“pot” and airgap will provide the maximum operating flux.

Texture and Natural Period

The acoustical properties of any sound source depend on a
great many things and a few of them are:

The texture of the sounding body—its mass and (where not
waterproofed) its moisture absorption coefficient.

The natural period of vibration of the air-column in front of
the source, and the period of the sounding cone with its voice-
coil and spring and coordinated parts, all clamped or otherwise
in operating position.

The characteristics of the voice-coil operating transformer,
i. e, the acoustical intensity—frequency “curve” which experi-
ment shows not to be uniformly similar when used with different
speakers.

So much for a condensed statement regarding acoustical
properties. The subject is capable of exhaustive experiment and
much that we know to-day is due to the many new raw and
synthetic materials which enter into the design of the modern
loudspeaker.

The magnetizing coil or “pot coil” has to be energized in
order that the speaker when operated at sufficient volume is
interesting to listen to and therefore we find at least three
distinct ways of achieving the same thing! One is by pure
direct current from a battery, another is by using the dry
rectifier which furnishes direct current and the last is by using
the electron-emitting rectifier tube or the gaseous type. Avail-
able operating conditions dictate which shall be used, and these
conditions usually boil down to the type of power available. (I
have omitted DC generators as a source in above since they

.
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THE DIRECTION OF TRAVEL OF SOUND
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are not prime sources in the sense that the devices that I've
noted are.)

How Original Ones Worked

I have stated in a previous paragraph that a voice coil trans-
former is used. At this point it is well to recall that the original
dynamic speaker operated directly from an amplifying tube
(without any transformer). The steady pull due to the plate
current if the tube, flowing through the voice coil, was balanced
out either by a suitable opposing tension on the diaphragm or
by the use of a stiff supporting member which kept the “voice-
coil” reasonably well centered in the field of the operating flux.

These voice-coils were wound with many turns of very fine
wire—and though they were successfully operative were not
adopted commercially because of the disadvantage of the con-
stant tendency of the voice coil to move out of the field, plus
the low high frequency cutoff. The low frequency cutoff on the
other hand is much “lower” than that obtained with most trans-
former operated voice-coil types and this is due to the im-
pedance being higher at this point for the former speaker. But
again, this excellent response of the direct coupled voice-coil on
the “lows” is not especially desirable because it is obtained at a
sacrifice of efficiency of reproduction on the “highs”—that is, for
frequencies above 1,000 cycles. So since the direct coupled type
of speaker coil has obvious defects we must leave it and return
to the transformer operated type.

Impedance Value

In order that a dynamic speaker (or any other type, too, for
that matter) may begin to operate as nearly as possible to its
full efficiency (which is not very great at any time) it is desir-
able that the coupling transformer have a value of impedance
that will result in the greatest possible current flow in the
voice-coil windings connected to the secondary of the trans-
former, for all the audio frequencies involved. The usual prac-
tice consists in making sound pressure measurements and
simultaneously read the voice-coil current and voltage and
making direct comparisons (to save time and eliminate error as
far as possible) with another transformer operating the same
speaker-coil-cone assembly. Similarly, cones of different ma-
terials supplied with similar voice-coils, and operating under
similar or different tensions, may be compared and measured,
and observations thus gained are highly useful to the engineer
and designer.

Next in order comes the baffle. Now, why do we need a
baffle for this speaker, when vears ago no one (at least, the
average man building a radio for his own use) ever thought of
using a baffle? The simplest explanation devoid of any techni-
cality is that any sounding body or cone that is free to move on
its axis will “send out two waves,” one in a direction away from
the front surface and another in the opposite direction. Now,
these two sets of waves (produced when any cone type of
speaker is operating) are equal and OPPOSITE and hence

(Continued on page 12)
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ow Much DX on4 Tubes?

Overseas on Broadcast Waves, is What Some Report!
By Adam |J. Arlington

FIGS. 1 AND 2.
REAR AND BOTTOM VIEWS OF A FOUR-TURE RECEIVER THAT BUILT UP ALMOST INCREDIBLE DX RECORDS.

A CIRCUIT known as the Screen Grid Find-All Four, popular —
for a year or more, is presented herewith in a slightly im-
proved form, so that it will get even more DX, Although it

LIST OF PARTS

uses only four tubes it has stepped out as hardly any other re- Antenna coupler (2). Screen grid coil with fixed tickler (10).

ceiver, regardless of the number of tubes, has done. That’s a Two .0035 mfd. variable tuning condensers (3,8).

broad statement, but when a circuit that works regular broad- Two audio frequency transformers (17,19).

cast waves brings in an overscas station once in a while, it Two 10-ohm fixed resistors (6,7).

must be a wonder. Letters from builders attest to this overseas Regeneration control (12) with filament switch.

result. . . . .00025 mfd. grid condenser (11). Small by-pass condenser (16).
While it would have been possible to build the Screen Grid One-ohm fixed resistor (15). Screen grid clip (5A).

Find-All Four as a single dial control receiver, two dial tuning Two meg. grid leak (13) Two dials.

has been retained, since this condition permits more accurate Fixed by-.pass condenser (9). Panel.

tuning and hence insures greater distance reception. Both the Twelve binding posts mounted on bakelite strip.

RF stage and the detector are tuned by .00035 mfd. variable con- Aluminum chassis with four sockets (5, 14, 18, 20).

densers. The antenna coupler is specially wound, having unique
(Continued on next page) =
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FIG. 1
DIAGRAM OF THE LOFTIN-WHITE AMPLIFIER, WITH
VALUES STATED.

FIG. 2
UNDERNEATH VIEW OF THE L-W AMPLIFIER.

HE problem of audio frequency amplification has been a

I most important one with which both radio engineers and

telephone engineers have had to cope. For, it there are
any factors which may lead to slight distortion, these results
will be amplified in the same ratio as the sound which is intended
for amplification, with the dire results of imperfect reproduction
and distorted speech or music.

In the well-known modes of audio frequency amplification,
such as transformer, impedance and resistance coupling, there
are particular considerations requiring attention. With trans-
formers, the design of the core, of the windings and of the
turn ratio is most important and engineers who desire high
amplification, must resort to large windings.

Faithful Response

This leads to a condition wherein certain electrical character-

LIST OF PARTS

One chassis.

One power transformer (214 volts, 12 amps., 21 volts, 3 amps.,
about 350 to 400 volts AC across each half of high voltage
secondary at no load; 5 volts, 2 amperes).

One 30-henry choke coil, 60 wa.

One voltage divider network (values in diagram).

Four Flechtheim Imfd. filter condensers, 550 AC working volt-
age, 1000 volts DC.

Three OY sockets.

Two jack terminal assemblies, “Speaker” and “Phono.”” One
AC switch,"AC cable and male plug.

One 224 tube, one 245 tube, and one 280 tube.

Loftin-White

Tuner Phonograph or Microph
By Frank

Wholesale Radio

istics have to be considered, such as distributed capacity of the
windings, a factor which causes the higher frequencies to be
attenuated in amplification; high inductance, which causes
resonant response only at the lower frequencies, hence causes
undue amplification of the lower notes, at the sacrifice of the
higher ones; and other important considerations, which take
in the physical size and monetary cost.

In the matter of impedance coupling, most of the problem
here is practically identical with that of the transformer. With
resistance coupling, a high plate potential on the amplifier tubes
is advisable as a preventive of distortion.

After years of research, the Loftin-White circuit was evolved.
This circuit is excellent, not only because of high volume attain-
able with clarity, .but because of its even sensitivity to all the

Find-All Four

(Continued from preceding page)
low-loss properties. Another specially wound coil is used to
couple the screen grid tube with the specially sensitized detec-
tor. The tickler consists of a fixed winding, placed alongside the
impedance coil. Regeneration is controlled by a variable re-
sistance shunted across the tickler. Extreme stability is an out-
standing characteristic of this receiver.

There are two stages of audio frequency amplification.

The chassis is made from a sheet of 14-gauge aluminum of
inverted “U” cross-section, with most of the parts mounted on
the under side. The wiring is performed with Corwico Braidite
hook-up wire, concealed beneath the chassis.

The circuit is very powerful and even brings in many of the
distant stations with enormous volume. Yet it is one of the
easiest sets to build. Since there are comparatively few parts
to this receiver, it should be possible for a beginner to complete
the entire job in two hours.

This receiver can be used with any modern dynamic speaker
or with a magnetic or inductor type reproducer. It has plenty
of power to spare. When used with a good speaker, the tone
quality is most excellent. Incidentally, the current requirements
are small, as only four tubes are used and that one of these is
a screen grid tube. Hence, this receiver is especially well adapted
for use as an automobile set. Another advantage, in this same
respect, is that it can be used with a short aerial.

You will need one 222 screen grid tube, two 201A tubes, one
171A power tube, one storage battery or A eliminator, three
45-volt B batteries or B eliminator, and two C batteries. This
set operates just as well with eliminators as with batteries.

After the set has been assembled and wired, check over the
entire circuit with the utmost care. Without the B batteries
connected, place the tubes in their sockets and see that they light
properly. Then connect the B and C batteries, antenna, ground
and speaker. The set can now be tested in actual use.

A sharp regenerative whistle should be obtained. If this
cannot be obtained by adjusting the regeneration control (12),
increase the detector plate voltage to about 67 volts. If the set
still refuses to regenerate properly, reverse the tickler connec-
tioris. The regeneration, while controlled by resistor (12), can
be increased or decreased still further by increasing or decreas-
ing the detector plate voltage.

In order to take the utmost advantage of the marvelous dis-
tance-getting capacity of the circuit, great pains should be taken
in constructing antenna and ground. The higher the antenna
the better. A high, short antenna will, in most cases, give far
greater distance reception than a low, long one. An antenna

How A Speaker Ba

(Continued from page 10)
some way had to be devised to “separate” them, since they tend
to neutralize each other if not prevented from doing so.

Hence the baffle, which is the means of interposing “acousti-
cal resistance” between the front and rear surface of a speaker
cone. But the baffle is not only preventive. Its positive action
is an extension of the sound-radiating surface.

There are some so-called minimum limits below which a baffle
is not very effective and they are in practical language a dis-
tance of about 4 inches between the outer periphery of the front
surface and the rear surface, measured along the baffle, and
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AmplifierUses

one Input Highly Suitable
1. Lester

Company

audio frequency used for broadcast reproduction. The screen
grid tube is used for high amplification, and the low note re-
sponse is strong due to audio regenerative effects.

There are three distinct purposes to which the average man
can employ an audio frequency amplifier such as the one to be
described.

First, there is the use as a phonograph record amplifier, with
an electrical pick-up which can connect with the amplifier to
reproduce the records electrically. The benefits which accrue
from this use are abundant. There is such a vast difference in
the quality and realism of the reproduction that those who have
used this system to play their records have been thrilled.

Secondly, the amplifier is suitable for use in conjunction with a
microphone, to amplify speech. In large halls or assemblies,

Great on DX

FIG. 3

THE COMPACTNESS OF THE FIND-ALL FOUR IS

SHOWN EMPHATICALLY BY CONTRAST WITH A
TABLE LAMP.

of from 50 to 75 feet long, not including lead-in, should be suf-
ficient. The lead-in wire should be about 35 feet or more. It
is suggested that the set be tried on several different lengths of
antenna. Where only local stations are wanted, an indoor aerial
will suffice.

It is essential that the antenna be perfectly insulated. It
should be kept away from large metallic bodies. The joint which
fastens lead-in to antenna should be soldered and then taped.

ffle Is Double Asset

around the edge to the rear as is shown in the illustration on
page 10. The magnetic cone speaker may be mounted in a
suitable baffle, where mechanical arrangements permit, as many
experimenters know, and will sound much more realistic.

I mounted a well-known “motor” in a large box made of very
heavy wood—and arranged the cone on a tight leather suspen-
sion. The box measured inside 18x22x14 inches and the lumber
was 1J5-inch white pine almost clear of knots. The cone was
an oval, 7 inches deep, and made of a clothlike texture paper
about .008 thick. This made a specaker the equal of most
dynamics.

FIG. 3
VIEW OF THE ASSEMBLED POWER AMPLIFIER.

where crowds upwards of 500 persons are assembled, this ampli-
fier will readily convey the voice and spoken words with plenty
of volume and audibility. Again, there are many other uses,
such as in stores for demonstration, at home to amplify the
baby’s cries and warn mother who is in another room.

Thirdly, for use as the amplifier in connection with a tuning
system. This last use is in itself very important.

The type of chassis is not important, but one may be used that
is already drilled, so that it is a very simple matter to mount
and fasten all the parts. To complete the amplifier, including
the wiring and testing, requires less than two hours.

Data on Connections

It is a very easy matter to install the amplifier. If to be
used with an electrical phonograph pick-up there are but two
connections to be made, after the cord and plug have been
attached to the light socket (110 v 50-60 cycle AC). The input
posts, marked “phono,” go to the pick-up terminals, which may
or may not include a volume control. The output terminals,
marked “speaker,” go to a dynamic speaker, provided it has an
output transformer. If it hasn’t, it will be absolutely necessary
to get one.

If a cone, or magnetic type speaker is to be used, the same
data apply.

The reason for leaving the output transformer out of the
diagram is that most of the dynamic speakers have output trans-
formers built in.

There is only one variable contro! in the amplifier circuit, and
that is the potentiometer which controls the hum. Once that
is set, it need not be altered again, unless the 224 tube is changed.

An important item is the pick-up and its volume control.
Unless the pick-up is a good one, and the volume control an
effective one, the results will not come up to expectations. A
high-grade pick-up is recommended.

Pointers on Needles

Also, an important point, is the necdle used. If it is too hard
the reproduction may sound harsh. If too soft the reproduction
may be too deep and possibly too low-pitched. Again, much
depends upon the records themselves. Do not expect to get the
best possible sound effects from old and worn records or those
that are not electrically cut. A good investment in the right
kind of a record will well repay the user.

Then, too, the dynamic must be suitable for the purpose.
Remember that all dynamics are not good merely because they
are dynamics. They may be entirely too high-pitched or too
low-pitched, neither of which is desirable. The choice of a
dynamic depends upon one’s personal taste.

Use as Microphone Amplifier

All that is necessary to pick up the voice or music by micro-
phone is a good microphone input transformer; a 400-ohm po-
tentiometer to control the “button” current; and a high resist-
ance potentiometer-type volume control. Of course, a high-
grade microphone is essential for best results. To actuate the
microphone, a small battery of low voltage is required. A 4%
volt C battery will answer this purpose provided that the ampli-
fier will not be used for immoderately long periods.

The 2V4-volt high current winding of the power transformer
may be used to heat RF. tubes, and B voltage for them may be
obtained from the B supply, but it is advisable not to use more
than three such tubes, i. e., three RF stages. For phonographs
use the 50,000-ohm brasing resistor may be changed to 2,000 ohms
or so.
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Safety First! Is Demand

Fire Underwriters 1930 Rules Stress This Point
By Herbert E. Hayden

[In last week’s issue, dated March 8th, the two sections of_ the
1930 Electrical Code of the National Board of Fire Underwriters,
pertaining to receiver installations, were published in full.—Editor.]

HERE is a list of rules compiled and enforced by a con-
I stituted authority which is called the National Electrical
Code.
This code devised to guide those who install and inspect in-
stallations of electrical equipment is respected wherever recog-
nized commercial electrical work is done.

The interests of the Underwriters board are two-fold—one
for the safety of the user, and the other the protection of the
electrician who does the work, etc.

Now with regard to radio apparatus, at a point where the
power line consideration cease, we find some facts of sufficient
interest to the builder of “his own” and the service-man to
warrant special attention.

In B, Eliminators or “power packs” we find that we are hand-
ling “power line” voltages, in our high-voltage output trans-
formers, while condensers handle these same voltages, modified
by rectification. The windings and insulation of all components
are governed by the usual voltage breakdown tests, usually the
application for a short period of three times the intended
operating voltages.

There is no sense in taking any chances on the assembly or
combinations of any parts for high voltage work.

The high tension portions of the winding the first thing that
happens is continuous arcing and then finally voltage failure.
Other causes are shorts in associated, externally-connected ap-
paratus ard wiring.

One occasional cause of voltage failure on the high potential
windings of a power transformer, that has been repaired, is
erosion of a part of the outer edge of the winding where an
acid content soldering paste has been used too freely.

Most leads whether flexible or not are connected without
the necessity of soldering, as the above trouble is almost in-
curable once the flux begins to “creep.”

Most good power packs are designed so that there is plenty of
ventilation but in some all-electrical sets that are being sold the
power pack is built so closely into the set that overheating
causes pack troubles. Some of this heat is due to the tubes
in the set.

