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CHAPTER 1

Receivers, Converters, Pocket Sets

THE circuit schematic shows 3 tubes—a 6K7
R.F. amplifier, a 25A6 power detector, and a
2576 rectifier—in what, at the first glance, will
appear to be a rather complex and unusual line-
up, but which on careful inspection will prove
itself to be an extremely simplified arrangement.

Let's begin with the rectifier which is con-
nected conventionally in an A.C.-D.C. power
supply hook-up. Switch Sw.1, ganged to tone
control RS, connects the A.C. or D.C. 110 V. line
to the “B” minus lead. The “B” minus is NOT
connected directly to chassis ground but through
condenser C17. The chassis, therefore, is not
“hot.” (It is recommended, although not speci-
fied by the author, that both sides of the line
be fused as shown in the schiematic and pictorial
diagrams of the power unit. If desired a “‘fused
plug,” available from practically any electrical sup-
ply house, may be used.—Editor)

Resistor R6 is the 180-ohm filament dropping
resistor in the 3-lead line cord and connects to the
2576 filament and out to one prong of the power-
supply cable for connection to the tuner unit.
The rectifier plates are tied together and to the
110 V. line as shown. One output clement feeds
the 3,000-ohm speaker field which is filtered by
parallel-connected electrolytic condenser C13, and
one provides the D.C. voltage for the receiver.

The input circuit of the 25A6 is tuned to the
desired signal by the C2-C7-L2 combination. Coil
L2 is an ordinary shielded midget R.F. trans-
former, matched to the antenna transformer, L1.
Capacity Cx, in L1 and L2, is built-in. Condenser
C2 is one section of the 2 gang variable con-
denser C1-C2. Condenser C7 is required to com-
plete the I.C circuit; the secondary of L2 is
brought to **B—"" which is not directly grounded
to chassis), while, the variable condenser is
mounted on that chassis with rotors grounded
via the condenser frame. Condenser C10 is a
small bypass across the output to smooth out the
tone. and its use may or may not make R3, the
tone control, an unnecessary refinement. Unit Cl11
bypasses B plus” to “B minus,” and C8 bypasses
“B plus” to chassis.

The power detector in this receiver is a sensitive
affair. Nevertheless, in order to provide its con-

trol-grid with signals strong enough for speaker
volume audio output, it becomes advisable to get
as much R.F. amplification as possible out of our
single R.F. stage. And this is achieved through
thckusc of our old standby, regeneration or feed-
back.

“The Book-End 3"——
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Fig. A, The Complete Receiver.

Feedback in the 6K7 circuit increases the
strength of the amplified signai directly and ef-
fectively, as follows: directly, by reason of the
regenerative action itself, and efectively, by rea-
son of the increased selectivity which regeneration
gives to an R.F. stage.

Note the connections here carefully. The sup-
pressor-grid, ordinarily directly wired to the ca-
thode, is tied to ‘“B—" through the bypassed
bias resistor, R3. The suppressor-grid side of
R3 is then brought to cathode through a small
feedback coil. This arrangement permits the proper
biasing of both cathode and supprsssor-grid but
keeps the R.F. out of the suppressor-grid circuit.

The cathode-coil method of regeneration in-
volves what is known as electron coupling and
the builder should remember this admonition:
NEVER TIE SUPPRESSOR-GRIDS AND
CATHODES DIRECTLY TOGETHER
WHEN ELECTRON COUPLING IS EM-
PLOYED WITH TUBES OF THE TYPES
6K7, 6D6, AND 58; the suppressor-grid should
be always wired as shown, connected directly to
ground or “B-—", or tied to the screen-grid. In
“EC" circuits for regeneration, direct connection
between cathode and suppressor-grid will nullify
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Fig. 1, Circuit diagram of ‘“Book-End 3"
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Fig. C, Chassis Views

the effect of internal
stability.

Condenser C1 is the first section of the 2-gang
variable condenser, with C4 the means of com-
pleting the circuit between condenser rotor (chassis
connected via the frame) and the “B—" return
for the L1 secondary.

Units C5 and R2 provide means for con-
trolling feedback and may be eliminated where
a fixed adjustment for maximum regeneration and
selectivity (without circuit oscillation anywhere in
the tuning range) is desired and can be effectively
attained. Potentiometer R2 might be simply called
our sensitivity control.

Potentiometer R1, wired across the L1 primary,
shorts the winding; and thus, by varying voltage
applied to the control-grid of V1, functions as a
volume control.

With R1 at_the maximum-right position, tune
tor a signal. If signals are heard, back up R1
and align C1 and C2 at both high- and low-
frequencies ends of the tuning range by means
af the variable condenser trimmers. If signals
are not intercepted, recheck the wiring, and if
you have a voltmeter test for “B plus” voltage
at the tube plates and the screen-grids. Tgc
voltage will be somewhere in the neighborhood
of 100, with the screen-grid readings approxi-
mately that of the plates.

If following proper alignment the circuit breaks

shielding and cause in-

into oscillations or shows signs of instability, try
increasing the size of R3 by 100 ohms or so. Do
not make this resistor too large, however, as
sensitivity will suffer—and if squeals and whistles
still persist, check over C4 and C7. These two
condensers have much to do with stability. In-
crease their size if necessary, and above all, see
that they are tied to the coils right at the
secondary-return lugs.

If hum is in evidence, increase the capacity
of C14 or Cl15, or both to 8mif. If the hum can
be traced to the reproducer, similarly increase the
size of C13. In the laboratory model, 4-mf. units
at all three points proved entirely adequate, with
no hum trouble whatsoever experienced.

If the speaker hums just enough to prove that
it is receiving proper excitation, or if about
100 V. can be measured across its field, and yet
no “B’ is measurable or the “B plus” output is
abnormally low, interchange the 4-to-8 terminal
connections on the 25Z6. If the “B plus” to the
receiver jumps to normal and the field excitation
disappears or drops off appreciably, the rectifier
tube 1s faulty, one set of its output elements alone
giving proper service. The author has found many
of the 25Z6s troublesome in this respect.

To install the regeneration feature, first unsolder
the temporary connection between the 6K7 cathode
and suppressor. Bring a lead from the cathode
up to one lug of a 4-point tie strip. Mount CS
conveniently near and follow CS out to the left-
hand-tapper potentiometer, R2. The R2 center
arm goes to ‘‘B—".

Now for some trial and error experiments.

The L1 coil core is not very large in diameter.
As a matter of fact it is only about!s in. across.
Consequently, our feedback coil must have a
smaller diameter in order to fit inside. 1In the
laboratory model, here illustrated, such a coil was
wound on a small celluloid core not much larger
than a lead pencil).

No hard and fast *“‘turns’ rules will, nor can,
be given for the feedback coil. Begin by winding
the maximum possible number of turns along the
length of your “tickler” (regeneration-coil) core,
dropping the wound form into L1, and bringing
the leads out to 2 tie points—one connecting to
cathode, one to suppressor-grid. Adjust R2 for
maximum selectivity (knob turned completely to
the right), and turn on line switch Sw. 1. If
enough turns have been wound on the feedback
form, the circuit will undoubtedly oscillate—a con-
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Fig. 2, Power Supply Circuit
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dition which we won’t exactly want but which
will serve at least to show us now that re-
generation is being had. If no shrill carriers on
signals are obtained just increase the number of
turns. Or reverse either the position of the
feedback coil or the lead connections.

With oscillation obtained, back off R2 slightly.
The oscillating condition should disappear; if not,
remove turns from the feedback coil until the
circuit will break into oscillation only when the
R2 knob is at extreme right-hand_ position,

Tune to a signal with R2 adjusted for minimum
selectivity or regeneration. Move the variable
arm to the right. The signal should grow
definitely stronger and sharper. With the R2
knob turned as far to the right as possible and
the circuit just under the point of oscillation—as
indicated by increased noise level hetween sta-
tions—tune across the band. Signals will come
in sharply and clearly.

List of Parts
1—shielded, midget antenna coil, type 2436, L1;
1—shielded, midget R.F. coil, type 2437, L2;

1—Wholesale Radio Service or Allied Radio Corp.
2-gang variable condenser, 370 mmf{. (max.)
per section, Cl, C2;

1—Aerovox condenser, type 284, .002-mf. C3;

3—Aerovox condenser, typc 284, 0.25 to l.-mfi.
(not critical), C4, 17,

4——Acr8vox condensers, type 284, 0.1-mf., CS, Cs,
8, H
1—Aerovox mica condenser, 250 mmf., C9;
1-~Aerovox condenser, type 284, 0.006-mf, C10;
1—Aerovox condenser, type 484, 0.1-mf.,, C12;

1—-Aerovox single electrolytic condenser, type
852, 4-mf.,
1—Aerovox dual electrolytic condenser, type
PBS-2, 4-4 mi., C14, 5

1—Aerovox condenser, type 284, 0.05-mi., Cl6;
1—Electrad potentiometer, type 20!, 15,000-ohms,

1—Electrad potentiometer, type 278, 5,000 ohms,
R2;
1—Continental resistor, 500 ohms, 4-w., R3;
1—Continental resistor, 1. meg., ¥%-w., R4;
1—Electrad potentiometer, type 241, 30,000 ohms,
1—resistor-line cord, 160 ohms, R¢;

1—switch (on Electrad 241 potentiometer; or
rotary S.P.S.T.) Sw. 1;

l—length 4-wire hcavy-duty shielded cable (de-
sired size) ;

1—S5.in. dynamic speaker, equipped with output
transformer for 25A6, 3,000-ohm field;

1—choke, type 466-420, Ch. 1;

1—Allied Radio Corp. Aluminum chassis, size
6x8x2Y4 in.

1—National Union type 6K7 tube, V1;
1—National Union type 25A6 tube, V2
1—National Union type 25Z6 tube, V3;
3—sockets, type S8, for V1, V2, V3; °
1—socket, type S4, (used as “output socket”);
1—chassis plug, type CP4;

Miscellaneous (direct-drive dial, pointed knob,
2 round knobs, hardware, etc.).



Simplified Converter
For Short-Wave
Radio Beginners

The Simplified Converter is A.C.-D.C. operated
and has a 6K7 stage of 1.I°., tuned to the low-
frequency end of the broadcast band. It employs
separate high-frequency mixer and oscillator tubes,
for highest possible conductance and a mininum
of off-alignment oscillator swing with detector
tuning. It obtains best possible signal-to-noise
and signal-to-image ratios by using detector re-
gencration—the only effective substitute for a
costly, hard-to-build tuned-R.F. stage; and makes
use of a 3-gang, 6 pole switch for band switching.

The photographs show only one (general cover-
age) sct of coils, all others having been removed
for a clear view of the various components. This
coil set, by the way, has the widest possible cover-
age (from approximately 19 to approximately 60
meters—depending upon the adjustment of the
oscillator trimmer) and suggests the construction
of a converter for a single high-frequency band,
requiring no costly band switch. Shielding be-
tween coils has also heen removed to reveal points
of physical construction—not to imply that such
shielding may be eliminated,

The detector is a 61.7, conventionally connccted,
but with its cathode-return through the usual re-
sistor-filter condenser combination to a tap on
the detector coil, rather than to ground. The
screen-grid, carefully filtered, is tied to the center
arm of a 40,000-ohm, potentiometer across the
power supply which serves as regencration or in-
put sensitivity control. The cathode tap on the
coil is so placed that, with the control adjusted for
maximum sensitivity (maximum screen-voltage
slightly less than the measured “I plus”) full
regeneration is had without detector-circuit oscil-
lation.

The oscillator voltage is fed through a small
capacity to the injector, or No. 3 grid of the 61.7
detector; with a 50,000-ohm resistor, RS, con-
nected as shown.

The variable condenser is a 2-gang affair with
low mininuun capacity, and trimmers removed;
although they may be retained for high-frequency
alignment where the converter uses but one set of
cotls. The maximum capacity may be anything
from 360 to 420 mmf{. Endeavor to obtain a con-
denser whose minimum capacity is not greater
than 12mmf{.

By employing a single stage of modcrate gain,
not only is the instrument described made adapt-
able to receivers of wide efficiency range, but its
proper line-up with these various receivers is
facilitated. The converter is built to work at an

F. of approximately 550 k.c.

The converter is coupled to the receiver by
matching the secondary of its output I.F. trans-

Fig. B, The Complete Converter

former to the high-impedance primary of the
receiver’s antenna transformer, .

A D.P.-D.T. switching arrangement permits
changeover from broadeast to converter opera-
tion. The leads from switch to receiver and from
output transformer to switch are shielded in low-
capacity tubing. (The importance of the former
lead should be noted; the lead must not pick up
broadcast signals, and shielding must necessarily
be very effective . Further. the cable should be
of true low-capacity type to minimize signal loss.)

The chassis pan should be high enough for
installation of the coil switch; drill and cut it,

Wire the filaments in series; follow the sche-
matic carefully, and use fairly heavy. well-insu-
lated cable, Wire up the power circuit; test for
filament continuity and for shorts to ground.
If an A.C. meter is available. put in all tubes,
plug in the A.C. cord on the line. and get an
over-all filament reading. This should be ap-
proximately 44v., and the 3-wire line cord should
have a self-contained resistor of 250 ohms.

Wire in all other parts which have been installed.
Add tie points, supports soldered to chassis,
wherever they may seem necessary. Be sure to
have one near the band switch, so that the return
leads of coils may find secure anchorage. Bring
a lead from the condenser rotors through the
chassis to a short, direct, soldered ground, and
then connect bypass condensers from the oscil-
lator and detector coil ground-return tie points to
this same ground point. Do not fail to bypass
these coil terminals here. If one terminal is used
for returns of hoth oscillator and detector coils,
one bypass alone will be needed, but don’t forget
it, even if “B—" is bypassed clsewhere. The
complete high-frequency circuits MUST be lo-
calized properly.

If you haven’t done it before, you must now
do some work on the I.F. coils before these are

R4, 50.000
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Fig. 1, Schematic diagram of S.W.anvencr
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finally installed. Remove the shield cans, care-
fully unsolder the leads to the trimmer condensers,
and then unwind from each coil (4 in all—2
primaries and 2 secondaries) approximately 60
turns. It will now be necessary to carefully clean
the wire of its insulating enamiel, and resolder to
the trimmer terminals. Every care should be
exercised in doing this. Test each coil for con-
tinuity; then get a_resistance reading. The re-
sihstance for each coil should measure around 12
ohmis.

Replace the cans, mount the coils, and wire the
2 1.F. components into the recciver. (Red wires
to B plus”, blue wires to plates, green wires to
grid and output ground, black wires to “B—"', and
output connection to the D.P. D.T. switch.)

However much the coils may track on paper,
it will be found that alignment difficulties, even
with variable trimmers and padders, will be ex-
perienced on actual construction and application.
Build and install one set of coils at a time, re-
moving turns from both oscillator and detector
units (or adding turns) until both H.F. limit
alignment and desired H.F. limit “‘spotting” are
had. If the detector circuit oscillates, connect
the cathode to a lower point on the coil. If the
6C5 circuit does not oscillate, run the cathode
tap up higher on the oscillator coil-selecting a
final adjustment which will assure a fairly strong
and uniform R.F. for injection into the 6L.7’s No.
3 grid. Antenna connection loading may throw off
H.F. limit tracking, but the variable detector-cir-
cuit trimmer should permit easy compensating
adjustment. If detector tuning has a frequency
“pulling”” effect on the oscillator, provide better
shielding between coils.

List of Parts

1—DXMeissner 1.F. transformer, tyvpe 5712, 456 ke.
60 removed from each winding),
LF.T.1;

1—DMeissner 1.F. Transformer, type 5714, 455 ke.
(60 T. removed from each winding),
F.T.2;
1—A.C.-D.C. midget choke, app. 400 o. resist-
ance, ch.
1—D.P.D.T. jackswitch, type 60. sw. 1
1—S P.S.T. rotary line switch, sw. 2.
2—2-gang low-minimum variable condensers, clos-
ing right. trimmers removed, max. capacity

360 to 420 mmf. C1, C2
I—Hammarlund _Star midget

50 mmf{. C4.
8—Aerovox condensers, type 284, 0.1 mf.

C3, Cs5, C7. C8, CY, C13, C14, C15;
1—Aerovox condenser, type 284, 0.1 mf. Cé6;
1—semi-variable trimmer, 3 to 25 mmf. or smaller,

one for each oscillator coil, C10;
1—Aerovox condenser, type 1468, 50 mmf. Ci12;
1—Aerovox condenser, type 1468, 100 mm{, C11;
2—Aerovox dual electrolytic condensers, type

PBS 2, 88, or 8-16 mi., Cl16, C17;

variable condenser

2—Aerovox dual optional condensers, type PBS 2,
4-4, or 8-8, mi. C18, Clg;

I—Aerovox condenser, type 484, 0.1 mf. C20;

1—padder condenser, one for each wide-range or
medium-frequency oscillator coil. (To con-
sist of Aerovox type 1467 mica pad, 500
mmf. to .005 mf., paralleled with variable
trimmer of widest possibls capacity range,
total capacity to be variable approximately
20% of estimated required value), Padder
capacity ;

1—Continental resistor, 600 ohms, Y-w or 1-w.

2—Com,inenta] resistors. 5.000 chms, 15-w. R2;
2—Comin'emal resistors, 50,000 ohms 1-w. R4,

—Continental resistor, 400 ohms 1 or Y-w. R7;

1—Line cord 250 ohms, R8

1—Electrad potentiometer, type 397 or 202. R3;

1—Centralab 3-gang 6-circuit band switch, num-
ber points to suit;

1—Micromaster dial, type 318;

I—pointer knob, type 588;

4—small round knobs;

1—2-ft. length low-capacity shield tubing ;

1—25-ft. coil_special R.F.” wire for grid circuits
and coils;

Fig. C, Underside of Chassis

I—Blan aluminum. steel or electralloy
6 x 10 x 2%in. high;

2—steatite l\ow-;oss octal sockets, type RSS, (for
- 72.

chassts,

2—octal moulded sockets, type S8 (for V3, V4);
I—Natignal Union or Raytheon type 6C5 metal

I—Nationgll Union or Raytheon type 6L7 metal
1—National Union or Raytheon type 6K7 metal

3;
1-—National Union or Raytheon type 25Z6 metal

World Radio Histol
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Fig. A, A Compact Portable

HE case of this receiver measures only 534x6x

914 ins. long, including the cover which, when
shut, fully protects all the controls and the
speaker. It would be possible to make the out-
fit considerably smaller by using smaller batteries,
but this is impractical and highly uneconomical.
The batteries used will last about 30 hours, if
used on the basis of 3 hrs, a day. Naturally, the
less they are used the greater will be their useful
life. The “B’ drain is only about 12 ma., while
the filaments work well on 310 ma., although, if
run at the rated 2 v., the drain is 340 ma.

Of course, some compromises had to be made
in design, the main one being the use of the
new 1E7G tube. This consists of 2 pentodes
in one shell, and is used for both 2nd.-detector
and A. F. amplifier. Since hoth screen-grids are
run to one base pin it was necessary to use an
A.F. choke through which to supply plate volt-
age to the 2nd-detector, as a resistance would
have dropped the voltage so much that a lower
screen-grid voltage would be necessary, and this
in turn would greatly reduce the efficiency of the
output section. As finally arranged, both sec-
tions nse full screen-grid voltage, and each sec-
tion takes about 3.5 ma. plate current. The 2nd-
detector section plate current might be cut down
by application of more “C” bias but this would
introduce complications. Naturally, with only 3.5
ma. plate current, the power output of the re-
ceiver is not very great. llowever, it is quite
sufficient to work the 3 in. P.M. dynamic repro-
ducer at surprising volume and with good quality.

Another compromise will be found in the “C"”
battery, which comprises 4 grid-bias cells de-
livering about 4v altogether. This 4v. is used on
the control-grids of all tubes and while a little
higher than needed, it serves to reduce the plate
current somewhat from the value (about 17 ma.)
obtained with 3V. bias.

The bias cells all fit in a single holder, but the
latter must be cut down in size to fit on the
chassis. This is a simple matter and consists
only of putting the mounting brackets between
the cell holders. Be sure to mount the cells as
shown, with the cup shaped holder next to the
tuning condenser. Another precaution! Never
short the bias nor try to measure their voltage as
this positively will rnin them. 1i properly treated
they will never need replacement, but a current
of even a few microamperes will completely spoil
them.

A few slight changes are nceded in the coils.
The oscillator coil is removed from its shield, the
shield cut down about 34 in. and the antenna
coil mounted therein.

3-Tube
Portable
Battery Set

. A small trimmer, found on the antenna coil
is removed as the panel trimmer condenser takes
its place. The control-grid lead, which comes
from the top of one of the I.F. transformers is
run down through the bottom of the transformer
instead. This coil feeds the detector. The I.F.
transformer used hetween tubes V1 and V2 is
unaltered.

:\]igll\ment ofhlhe circuits
any other superhet. A test oscillator is of great
help. The I.F. transformers are aligned ﬁrstgand
the tuning circuits last.

Results are fine, even with a very short an-
tenna and no ground. A 10 ft. piece of wire
with a clip on one end is always carried with
the set and is quite sufficient for local stations.
It may 'be fastened to any metal object, even a
water pipe. The trimmer will be found
quite sharp in tuning and of great help in bring-
ing in weak stations. For DX work a pair of
phones may be plugged into the panel jack; this
will automatically cut out the speaker. With a
fair antenna and ground connection, real DX
results equal to those obtained with much larger
receivers will be had. The iron-core coils used
throughout undoubtedly contribute much to the
fine performance of the receiver.

Again let us caution the constructor to gather
together all parts and measure them for size
before building the case. The writer speaks from
sad experience on this important point.

is the same as in

List of Parts

1—Meissner tuning condenser, 2-gang type 15114;

1--Meissner padding condenser 500 mmf. type
1-—Meissner dial, type 18245;

1- -Meissner R.F. choke 60 mh. type 6844 ;

- -Solar Domino condensers, 0.05 mf., 200V_;

5- -Solar Domino condensers, 0.25 mf., 200V.;

1 - Solar Domino condensers 100 mmfi.,

1--Solar Domino condensers, 250 mmfi. ;

1- -Solar Domino condensers, .004 mf{.;

1- Solar Domino (Condenser, .002 mi.;
1-—-ITammarlund trimmer condenser, type APC
1-—Aladdin antenna coupler, 504;

1—Aladdin oscillator coil, type 2001;
1--Aladdin 1.F. transformer C100 M., 465 kec.;
1-—Aladdin I.F. transformer C101 M., 465 kc.;

4 grid-bias cells;

1-—cell holder, No. (iB34;

3——IRC resistors, ¥5-W., 50.000 ohms;

1- IRC resistors 'i-w.. 10,000 ohms;
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Fig. 1, Wiring diagram of Battery Portable

2—IRC resistors, ¥;-w., 0.5 Meg.
1—IRC resistors, 4-W., 0.25 Meg.
1—IRC DPDT switch No. 22;
1—IRC volume control 75,000 ohms,;

1-—3 in. permanent-magnet dynamic speaker, type
3 AMP with transformer;

2—portable batteries 45V., No. Z30PX;

2—13%; V. cells. No. 44;

1—U.T.C. midget A.F., choke (output trans-
former for 1E7G will do);

1-—10-ohm. midget potentiometer;

1-——Raytheon 117G tube;

1-—Raytheon 1D5G tube;

1--Raytheon 1E7G tube;

3-—Octal sockets;

1—Case;

Aluminum for chassis and panel;

Hardware knobs, jacks, etc. Fig. B, How the Parts are Placed




Pocket-Size Crystal Set
For Beginners

Many people would like to try building a radio
set but hesitate to do so because of the fear of
spending money for equipment and then getting
no results, Even a crystal set can run into some
money, but of course such a set is the
simplest and cheapest for the beginner. Keeping
in mind the desire for an inexpensive set, the

Fig. A, Compact Crystal Set

one shown in use in Fig. A was made up. It is
quite diminutive, although no particular effort was
made to produce an ‘“‘ultra-midget’” set. All the
part~ being small, the result is a small set that
can easily be slipped into a coat pocket.

The case is a piece of tubing, either cardboard
or bakelite. 134 by 1% ins. Two ends are made,
of any convenient matcrial (even cigar box
wood !} and one end is glued in. See Fig. 1A
for layout of parts.

The tuning condenser is a, so-called. padding
tyee, and should have a capacity range of 120
to 330 mmf, This condenser is fastened to the

to the end of the pin-jacks and the other neces-
sary connections made as shown in Fig. 1B and
C; then the end is pushed into place.

Operation is simple and certain if the circuit
has heen carefully followed. A good ground and
a fairly long antenna are essential if the receiver
is to be used more than about 25 miles from a
powerful station. If closer, a much shorter an-
tenna will do. To work the receiver it is neces-
sary for the “catwhisker’ to make contact with a
sensitive spot on the crystal, and this can be
ascertained hy operating a door bell, buzzer or
any other spark-producing device near the an-
tenna. If the buzz (or the electrical noise which
it produces) can be heard in the headphones,
then that particulur spot on the crystal is suit-
able for receiving radio signals. Otherwise reset
the “catwhisker’ and make the buzzer test over
again. If a buzzer is not available than it is a
matter of trial and error. Move the wire over
the crystal surface until a spot is reached that
will detect the incoming signals.

This little crystal set was first tested in a
modern steel building in New York City with a
20 ft. wire dangling from a window as an aerial.
The results were remarkable, considering the cir-
cumstances.  Five different stations were tuned-in
with comfortable earphone volume. Several oth-
ers were also tuned-in, but faintly, With a decent
outdoor aerial they would have been much
louder.

If upon completing the set you fail to receive
any stations, try the following remedies:

1, Check the wiring against the diagrams for
possible errors; 2, Clean the crystal detector by
wiping the surface with a cloth” dipped in ether
or cleaning fluid; 3, File the very tip of the
“catwhisker.” or snip it with a cutter, to a very
fine point to assure good contact; 4, Try resetting
the “catwhisker’ on various points of the crystal
surface in order to find the most sensitive spot;
5, Check the aerial and ground connections and
the aerial itself; 6, Try several other pieces of
galena—usually there is wide variation in sensi-
tivity; 7, Make sure the headphones are really
sensitive—sometimes the pole-pieces are so far
from the diaphragm, or the magnets are so weak,
that the phones are no longer sensitive to weak
signals, althongh they may be quite satisfactory
for strong signals.

CRYSTAL —
DETECTOR
7
CAT-
WHISKER
—
PHONES
T 0
3/

end of the case which was glued in, 2 small
screws being used for the purposc.
Since the condenser is operated by
means of a screw which is too short to
fasten a knob to, the screw must be ANT")
replaced with one about 1 in. long. P
A lsmz\ll knob is fastened to the outer W)
end.
The coil may now be wound in m;
place. It consists of 100 turns of No.
28 double silk-covered wire. The ends
pass through holes in the tubing to L, 100
connect to the circuit, TURNS
The other end of the case must be NO.28
removable and may be made simply, S.C. =
a press fit. In it are drilled holes COPPER
for 2 phone tip-jacks, 2 binding posts, WIRE
and the crystal detector. The latter
consists of a mounted galena crystal, p
soldered to a bolt that pusses through \
the case end. Another bolt holds a
short piece of fine, spring wire that -~
touches the crystal surface lightly. GND
This wire is termed the *‘catwhisker.” )

The wiring is very simple. The
phone condenser is connected directly

10

Fig. 1C, Pictorial Diagram
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CRYSTAL DETECTOR
/

100 T.
N228 D.5C.
GOPOER WIRE

TUNING KNOB

L., 10DTURNS
N2.28 0.5.C
COPPER WIRE ™

- PHONES "% ermy

Fig. 1 A-B. Diagram and Construction Details

Crystal scts, of course, have certain inherent
disadvantuges. They are by no means as sensitive
nor as sclective as even the simplest of single-
1

Although you may read of “long listance”
crystal sets, take what you read with a grain of
salt. Umndet extraordinarily favorable canditions,
such sets will be able to tune-in high-power st.a-
tions.  Rut ther will r:o: afford reception of xll

CRYSTAL <o SR
DETECTOR Yoy 13
stations within a given area day-in- and day-

out, under all sorts of weather conditions and
at all times of the day.

While these facts may be familiar to the read-
er, they are given here so that those who build
the set described in this section will not be dis-
appointed with results.

The set gives excellent results; excellent re-
sults, thar is. for a simple crystal set. Do not
cexpect it to afford tube performance.

List of Parts

1—Solar padding condenser, 120 to 330 mmf. C1:
1—>Solar fixed miica condenser, .001 mf, CZ;
2—phone tiy-jacks, J;

1—mounted crystal, C;
2—small binding posts, ANT, Gnd:
Wire and tubing for unit L;

Hardware.



A.C.-D.C.

Designed
To Control
Receiving
Sets From
Your Arm-

chair

Lt10ov,

"Long Arm”
A Remote Set Control

There have been many complicated remote-
control urits described in the past. Most of
them were costly to construct and never quite
satisfactory m operation. Here is a simple form
of remote-contrcl—a veritable “Long .Arm”—that
is low in cost, easy to construct and will give
years of service with any receiver,

The diagram of Fig. 1, shows the simplicity
of the electrical circuit. Two tubes are used, one
is the 6AB pentagrid converter tube and the
other is the 25Z& reci’fier tube used in a half-
wave connection.

Due to the fact that all of the circuits in-
volved in the operation of the unit are working at
radio frequercies. adequate power supply filtra-
tion is obtained without the expense of iron-core
chokes and large values of filter capacity. The
power supply filter network thus cousists of only

resistor R3, and condemsers C7 and C8.
Flle_ circuit of the AAS8 s (OIl\tlllioll(I], with
the triode sectian wsed as the oscillator and the

pentode section use:l as the modulator or mixer
tube. Note thit the volume control is of the
combination typr, although a simple form of
potemiomcter K5, is used. When the volume
is reduced the bias o~ the control-grid of the
pentode section is increased and the primary of
the antenna transforme~ is shorted. An old, but
effective means of volume vcontrol.

This remote control ean be nsed with any type
of recciver either T.R.¥. or superhet., and dne
to the inclusion of lh( extra 2 tuned circuits,
plus the conversian gain of the pentode section
one can expect an improvement in the perform-
ance of the ruceiver, Generally this improvement
will be noted in a slight increa~e in sensitivity
and sharper tnning. There should he no loss in
volume and sharpoess in tuniag, if the unit is
properly adjusted and installed,

Tt is not recessary to make any internal con-
nections to the radio set when the remote control

12

unit is used, as, it is self-powered. This is a very
important feature, as the average radio set is
designed with a power supply adequate only for
its own needs, and the addition of extra tubes
with the resultant increasc in the filament and
plate current drain may cause the receiver to
overheat or change the plate voltages on the
tubes. In many of the present-day receivers
a change in the ‘applied plate voltages can cause
the circuits to become detuned. Thus, necessitat-
ing a re-alignment job that wounld take time and
if the set is of the multi-band type expensive test
equipment may be necessary.

After all of the connections are made and
checked according to Fig. 1, and the bottom
cover-plate attached to the chassis (to prevent

radiation from the wiring), and the tubes placed
in their respective sockets, run 2 wires, in the
form of a twisted pair, from the radie set to be
controlled, to the remote control unit. Connect
one end of one wire to the antenna post and
the other wire at this end to the ground post of
the receiver. The remote free ends of this 2-wire
cuble are connected as follows.

If the ralio receiver has a low-impedance an-
tenna primary, connect the wire from the antenna
post of the receiver to the white lead of the
wdapter. Connect the ground wire from the re-
ceiver to the black lead. l.eave the green lead
of the remote contro! unit unconnected.

1i the radio receiver has a high-impedance
primary, connect the antenna wire from the set
to the green lead and the ground wire to the
white and black leads. If impedance is nnknown
try both connections for best results,

The external antenna formerly connected to the
radio ff‘C?l\Cf IS now COI]I]?C'C(l to the 1"!(‘""\
yost of the remote control and the ground lead is
connected to the ground post, Plug in the power
cord to a convenient receptacle and turn the unit
on by rotating the volume control knob to the
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right. Turn on the radio receiver and tune to the
low-frequency end of the tuning range (broadcast
band) where no local station is being received.
Set the volume control of the receiver to the
loudest comfortable volume.

With the volume control on the remote unit
well up. tune in a station by means of the
selector knob on top of the unit. Select a station
near the high-frequency end of the scale (lowest
wavelength). Adjust the 2 compensators, CIA,
C2A, on the remote.control tuning condensers by
means of a screwdriver inserted through the 2
holes in the side of the chassis. Adjust for
maximum volume. Then tune in a station at
the low-frequency end of the bend and adjust
the padder condenser, C11 through the single
hole which is in_the rear of the tuning condenser
compensators. This setting should be made for

maximum volume. Recheck the tuning condenser

compensators at the high-frequency end and the
unit is ready for operation,

he remote control herein described is just
what s desired by lazy louts (such as the

author) who like to sit in their comfortable arm
chairs with a good book in one hand and a
pipe in the other, while a musical background
fills the room. The annoyance of getting up to
tune-out unwanted rograms almost counter-
acts the relaxation afforded by the radio enter-
tainment.

It is also highly desirable for the use of in-
valids, who fing it a strain to go to the radio,
and even more so for are bed-
ridden.

In fact, the uses of a device of this type
are well-nigh innumerable.

those who

BLUE )

Fig. 1, diagram
of remote

set control unit.

LF. «(ABOUT)
HIGHEST
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110V
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List of Parts

Kit Components

One Meissner output I.F. transformer, L3;

One Meissner I.T.F. with C14, 7-80 mmi_;

One Meissner antenna-oscillator coil, L1-L2;

One 2-gang tuning condenser (with trimmers),
360 mmf{.,, C1, C2;

One selector dial plate and escutcheon;

One volume control and pawer switch, 25,000
ohms, R5-Sw. 1;

Two small bar knobs ;

One isolantite padding condenser,
mmi., C11;

One 3-terminal tie lug;

One 3-lug terminal strip;

One 2-lug terminal strip;

One V4-in. rubber grommet ;

One %-.in. rubber grommet;

300 to 500

Two octal 8-prong metal tube sockets, for V1, V2;

Miscellaneous Components

One resistor, 500 ohms, 4-W_, R1;

One resistor, 50,000 ohms, 14-W., R2;

One resistor, 20,000 ohms, 1 W., R3;

One resistor, 30,000 ohms, ¥4-W., Ré;

One mica condenser, 0.002-mf., C3;

One mica condenser, 100 mmf{., C4;

One paper condenser, 0.1-mf., 200 V,, C5;

Three paper condensers, 0.1-mf., 400 V., C6,
89, Cl12;

One electrolytic filter condenser, duml-section, 4-4
mf, C7, C8;

One power cord, with plug, 290 ohms;

One metal-tube grid shield;

One metal-tube grid clip;

Six lengths of colored hookup wire for all con-
nections ;

One lacquered steel base plate;



Will Convert
Any Radio
Set Into a
P. A. System

“"Home Broadcaster”

Every owner of a radio set has, at some time or
another, wished that he might be able to hook a
microphone to said set. The desire is usually
prompted by an idea that it might be a lot of
fun to imitate some particularly well liked radio
program for purposes of amusing friends or guests
at a party, or just to ‘“play around” with a

“mike” to see what it feels like to be an ‘‘an-
nouncer.”’

Sometimes the set owner feels that the set
might be pressed into service as a small P. A.

system for some neighborhood or school activity.
Since the average radio set is capable of pro-
ducing a fair amount of volume it stands to
reason, argues the set owner, that there is or
ought to be, some means of making it do other
things than just bringing in a few programs
during the week. And if a small P. A. system
is needed for only a short length of time, and
since the radio receiver originally cost quite a
bit of morney, well, why not, and how can it be
done?

The answer isn’t nearly as difficult or as ex-
pensive as a lot of people have been led to be-
lieve.

First, and simplest is by means of one of the
very cheap microphones readily obtainable at
most every radio store or supply house. These
“mikes’’ are usually fitted with a small wafer-

tvpe adapter that fits under one of the tubes in
the radio set. Such gadgets can be obtained for
less than a dollar, and surprising as it may seem
they usually work quite well.

The drawbacks to these ‘“home microphones™
as they are called is their inability to really make
use of the gain and volume of which the radio
set is actually capable. It is for this reason
that they will always remain more or less of a
toy, and not reach any great degree of popularity
as a means to satisfying the public demand for
a really efficient microphone attachment for the
average radio set.

During the past 3 or 4 years the set manu-
facturers have had a tendency to keep increasing
the output volume of their sets in order to get
better tonal reproduction at low volume levels.
Most of the present-day sets have the ability to
turn out volume ranging from about 3W. in the
smaller sets, up to 30 W. in some of the larger
multi-tube sets.

llere is an adapter unit that will permit using
a microphone of the double-button carbon type
with any radio set. The more powerful the set,
the better the results will be.

This unit is easy to build, simple to operate,
and most importani-—the parts necessary for its
construction cost very little. All plate and heater
voltages are taken irom the set with which it is

MIKE TRANS.
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VOL. CONTROL)

.
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used. To put it into operation insert power
cable adapter (See Fig. 1 for hook-up) under
the output tube in the receiver, connect the an-
tenna lead from the unit to the receiver antenna
terminal, and turn the set on. The signal from
the unit is tuned in exactly as you would tune
in a regular broadcast program.

Fundamecntally the unit consists of a modulated
oscillator of low power output, or in other words,
a miniature broadcast station. A pentagrid oscil-
lator tube, either a type 2A7 or a 6A7 is used,
the pentodc section being used for the modu-
lator to plate-modulate the output of the oscilla-
tor, thus enabling you to hear whatever voice
or music is put into the unit to be heard in the
radio receiver. The whole radio, from the Ist.
R.F. stage through to the audio output stage is
used, resulting in extremely powerful results.

harly designs of equipment of this type,
in which such an R.F. unit feeds into the stand-
ard radio set, have been described in the April
1934, and subsequent issues of Radio-Craft—
Edltor)

The diagram, Fig. 1, is almost self-explanatory
and indicates the extreme snmphcntv of the unit.
The total cost, mcludmg mike, is under $10.00.

The only point in constructing the unit which
might require special mention here is the out-
put coupling between the unit and the receiver.
This takes the form of a very small capacity, as
shown in the circuit diagram. The -capacity
-effect is brought about by taking a short piece
of stiff insulated hook-up wire, attaching it to
the oscillator plate termmal, and, wmdmg 3 or
4 turns of similar wire tightly around it. The
-other end of this latter wire is connected to the
antenna post on the set. Care must be taken to
see that the two wires do not make electrical
-contact with one another., The capacity thus
formed is sufficient to couple a strong signal into
the set, without radiating to other sets nearby.
If too much capacity is introduced, the oscillator
will not oscillate.

The tuning range of the oscillator is approxi-
mately 900 to 1,700 kc. allowing it to be set to
be received at some point on the receiver dial
where no other regular broadcast program would
normally be received.

List of Parts

‘One small aluminum or electralloy chassis base,
4 x3x2ins.;
ne carbon resistor, 300 ohms, 4-W.;

One carbon resistor, 20,000 ohms, %- \’V
One carbon reslstor, 30,000 ohms, -W
One carbon resistor, 50,000 ohms, 4- \V
One volume control and switch, 1 meg.;
Two tubular condensers, 0.1- mf 400 V.;
One tubular condenser, 0.05-mf., 400 V. ;
One mica condenser, 250 mmf. ;
One double-button mlcrophone transformer ;
One bar knob
One grid clip;
One triple tip jack;
One 7s tube socket ;
One trimmer condenser, 220 mmf.;
One pentagrid oscillator coil;
One tube shield ;
One hardware kit: consisting of
Eight 5/16 x 6 /32-in. machine screws
Six 6/3.-in. hexagon nuts
Four %:-in. rubber grommets
One 12-in. length spaghetti tubing
Three solder lugs
Five ft. solid push back hook-up wire;
Two ft. 4-conductor cable;
One ft. 2-conductor cable;
One Knight 2A7 or 6A7 tube
One power tube adapter (4, 5, 6, 7M, or 8 prong) ;
One pair tip jacks.
Accessories
One double button carbon microphone;
One microphone desk stand
One “C’ bat., 4% V
Twenty-five ft. 3- conductor microphone cable.
This article has been prepared from data sup-
plied by courtesy of Allied Radio Corporation.

Fig. 2, Chassis layout
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This Tuner
Can Be Used
With Any
Good P.A.
Unit

HI.FI P. A. and “Universal”

Radio

As can be seen from the photographs, the tuner
is compact without being crowded. The parts were
laid out so that all “hot”” R.F. leads would be
very short. For instance, the lead from 6A8
plate to “P’ lug on the I.F.T. is barely 34 in.
long. The 3 coils are mounted underneath the
chassis for several good reasons. The most im-
portant being that they are, in effect, doubly
shielded when mounted this way.

The blank chassis specified should be drilled ac-
cording to layouts given in Figs. 2A-2B. An
ideal tool for the home constructor is the socket
punch and circle cutter recommended in the List
of Parts. The writer used the 34 in. punch for
several of the holes required. The larger size
(13/16 in,) was used to punch out all the socket
holes and also the openings for the filter choke
and A.C. receptacle. The circle cutter is needed
to cut out the 534 in. hole for the dial on the
front panel. These tools ae practically indispens-
able to the home constructer for this type of work.
Check the accuracy of the holes you drill by trying
each part for correct fit and position. A little care
at this stage will insure a finished product of pre-
cision appearance.

The front panel should not be touched until all
parts have been assembled on the chassis. The
height of the 3 protruding shafts (volume, tone,
and dial) should be measured from their centers to
the bottom edge. If all is correct, then the front
panel markings may be measured-off on the smooth

Tuner

back. Cut the large circle first, then drill the 3
shait holes. Inasmuch as the front panel is 1 in.
higher than we need, it is best to have a tinsmith
cut off the excess on a power shears machine. At
the same time, have him bend the two edges at 90
deg. angles as shown in the photograph. The
finished panel will then be approximately 9 ins.
high and 11 ins. wide. The tone and volume in-
dicating plates are mounted by means of small
escutcheon pins.

The wiring comes next. A good method to
follow is to wire one element of each tube at a
time. For instance, wire all the shell prongs of
the metal tubes to ground. Next, connect all
cathodes, and so-on. This method eliminates a
lot of checking and jumping back and forth.

The author never takes it for granted that a
part is O.K. merely because it is new. So, if an
ohmmeter is available, check the following items
before mounting them on the chassis.

D. C. RESISTANCE

L1, Primary 20 ohms; Secondary 6.5 ohms.

L2, Primary 65 ohms; Secondary 6.5 ohms,

L3, Primary 2 ohms; Secondary 3.2 ohms.

L4, Primary 8 ohms; Secondary 8.0 ohms.

LS, 170 ohms.

Ch., 800 ohms.

P.T., Primary 32 ohms, High-voltage secondary,
B 1,100 ohms to plate.

Fil. wmdlng (0.9-A), 0.5 ohm.

Fil. winding 0.6-A 1. ohm.

(R§)
L2
/

00000000

0SC 8 0ETL, HAS8,
7

IFT

0ET.2. 637 ‘suc 05 NF.
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Fig. 1, Schematic diagram of tuner.
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Check all resistors and discard any that are
20% off their rated value. Also check the by-
p:nls’s condensers for shorts or leaks. Check the
tubes.

When all wiring is complete, follow out the
circuit for wrong connections and continuity, Turn
the set on, do not usc an antenna, turn dial to
1,700 kc. and volume on full, then check the
voltage at each point as indicated below. Use

1,000 ohms /volt meter on 500-V scale. All read-
ings to chassis are given in Table I1.
TABLE 11
Tube Pl S.-G. Cath.
6X5 _— 250 V.
6J7 22 V, 60 V. 5\
*6A8 230 V. 80 V. —_—
**6A8 160 V. 2.7 V.
6K7 220 V. 80 V 2\,

*Pentode section. **Oscillator.

If these voltages are more than 10% ofi, check
everything all over again.

Now we come to the subject of alignment. The
I.F.T. should be accurately peaked at 456 ke.
Upon_this adjustment depends a great part of the
sensitivity of the set as a whole., If you haven’t
the equipment to do this job right, then by all
means have it done by a competent technician.

f you have the equipinent, the procedure is as
follows: turn the set on, take the grid clip off the
6A8 and connect your oscillator to the top cap.
The ground lead of the test oscillator should be
connected to the tuner chassis. Connect an out-
put meter or oscilloscope to the output tipjacks
at the rear of the chassis. The test osciilator
should be accurately set on 456 kc. and the at-
tenuator set for 1/3-deflection on the. output
meter. Peak the 2 air trimmers for maximum re.
sponse, attenuating the test signal if the meter
goes off scale.

Next, set the test oscillator to 1,600 kc.. re-
place the 6A8 grid cap. Feed the test signal
through a small mica condenser 100) mf. to the
antenna post. The tuner dial should be set at
1,600 kc, and the 3 trimmers on the variable con-
denser should be screwed in tight all the way.

The antenna and R.F. trimmers should be un-
screwed a little bit for maximum signal. It may
be necessary to use additional capacity across the
oscillator trimmer to bring the pointer to the
exact line on the dial. The writer added about
3 mmi., by soldering a 4-in. piece of wire to
oscillator stator and wrapping 3 turns around the
spacer Bar. This wire may be seen, in Fig. B,
upon close inspection of the variable condenser
section nearest the panel, This is the itemn,
marked ‘“‘wire capacitor’”, shown in Fig. 1, which
is connected to condensers C and Ca. Note that
although the other side of this “wire capacitor”
is shown grounded, this is only a fictitious or

—
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Fig. B, Rear view.

effective ground and DIRKECT CONNECTION
TO GROUND MUST NOT BE MADE,

The low-frequency padder should first be screwed
up tight amd adjusted for maximum response at
600 kc. Rock the dial pointer slowly up and
down while adjusting for the best peak. You
will find that the high-frequency end may have
shifted 10 or 20 kc.. so go over the 3 trimmers
again and then check 600 kc. again. .

All this may sound bard but it really isn’t,
Our unit was all peaked in i5 minutes and rarin’
to go. .

Disconnect the test equipment and use cither
headphones or an amplifier for the air tryout.
Connect an antenna not louger than 75 feet to
the set. Az a rule, no ground wire is needed.

List of Parts

One Meissner antenna coil, No. 6862, L.1;

One Meissner R.F. coil, No. 6864, 1.2;

One Meissner oscillator coil, No. 4243, L3;

One Meissner ferrocart 1.F. transformer, No.
6643, 456 ks., 1.4;

One Meissner shielded R.F. choke, No. 5592, 30
myh.. L.§;
Meissner 3-gang
15122, 365 mmf.;

One Meissner 6-in. dial, No. 18245;

One Meissuer padder trimmer, No. D2500, 500
mmf,, C8;

One Kenyoa power transformer, No. T249, T1;

One Kenyon filter choke. No T156. 30 hy.. Ch.;

One variable condenser, No.

—~FRONT PANEL [AYOYT- "
BEND Down

4N 3300
304

!
Y-l gt Lo T —eleif
; 3

Fig, 2A, Drilling for chassis
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~FRONT PANEL 0
SUPPORTING
BRACKET (MAKE 2)~

(OMIT FOR STANDARD
MODEL, USE ONLY

ON RACK PANEL
9x19%)

DRII.L Hotes
10 SUIT
(FOR CHASSIS

~COIL PLATFORM ~

(¥16"ALUM.)
Fig. 2B, Panel details.

Seven Aerovox tubular 1))pa<~. contlcnmn type
484, 0.1-mf., 400 V., C1, C2, C3, C6. C7,
C8, C10;

Three :\ero\ox tubular bypass condensers, type

84, 0.5-mf., 400 V., C4, Cl11, C12;

Aerovox tuhuhr ]))p:hg conr]ensers,

484, 0.01-mi., 400 V., C14, C15;

One Aerovox tubular hvmss condenser, type 484,
0.05-mf{., 400 V.,

Two type

One Aerovox dual tuhu]ar hypass condenser,
0.05-0.05-mi., 400 V., C18;
One Aerovox electrol\uc condenser‘ GLS 5, 8

mi., 450 V., Ci7;

One Acrmox electrolvnc condenser, GLS 35, |2
450 V.,
One .\erO\ox e]ectrol\nc condenser, GLS 5, 16
mf., 450 V., C20:
One A\em\ox mica mndenscr. type 1467, 300
mmif.. C13;

One Aerovox mica condenser, 1467, 100
mmi.,, C5;

One General Electric type 6K7 metal tube. V1;

One General Electric type 6A8 metal tube, V2;

One General Electric type 6]J7 metal tube, V3;

One General Electric type 6X5 metal tube, V4,

One General Electric molded rubber A.C. line
cord ;

FFour terminal connectors

Que pair tipjacks, 1-—red. 1—black;

One Centralab volume control potentiometer, No.
72-102, 25.000 ohms, R1;

One Centmlab tone control potentiometer, No.
62-116. with switch, 1 meg., R14;

One Centralab carbon resistor, 2 W., 15 000 ohms,

type

11;
One (,entralab carbon resistor 1 W., 25,000 ohms,

2.
Centralab carbon

One resistor, %-W., 25,000
ohms, R6;
Two Centralab carbon resistors, 14-W., 5,000
ohms, R4, R9;
Two Centralab c1rbon resistors, %4-W., 1,000
ohms, R5, R10; )
One Centralab c‘\rbon resistor, 1/3-W.. 1 meg.,
13;
One Centralab carbon resistor, 1/3-\W.. 0.4-meg..
15;
One Centralab carbon resistor. 1/3-W., 0.1-meg.,
One Centralab carbon resistor, 1/3-W., 50,000
ohms, R7;
One Centralab carbon resistor, 1/3-W., 10,000
ohms, R12;
One Centralab carbon resistor. 1/3-W., 400 ohms.
a8
One Centralab carhon resistor, 1/3-W., 300 ohms,

H

*One antenna ground terminal strip,

*One indicating plate (volume),

*One indicating plate (tone),

*Two pointer knobs, 1Y in.,

*QOne black round knob,

*Sour octal wafer sockets,

One black wrinkle front panel,
ll’lﬂ

*One blank cadmium chassis, 11 x 7% x 2% ins.,

*Two socket punches,

*One circle-cutter,

*QOne piece alummum for coil platform, 3 x 6 x
1/16 ins.;

*(One fuse mounting,

1lookup wire, hardware, etc.

10 x 14 x 1/16

*Names of manufacturers will be supplied upon
receipt of a stamped and self-addressed envelope.




CHAPTER 2

—Servicing—

Fig. A,

Complete

Oscilloscope
for

Servicemen

TURRETED
C—R. TUBE
ON SWIVEL
MOUNTING

Midget Oscilloscope

HI1S instrument has every feature of the full-

size instruments as well as several which are
not found on most. It can be used for virtually
every possible test the Service Muan or experi-
menter wishes to make.

A very novel feature is the fact that the 913
tube may be mounted in either of 2 positions. in-
side the instrument, or in the “trench mortar™ on
top. The socket in the latter is conunected by a
cable to the inside 913 tube socket so that the
changeover is quickly .ucomp]lshe(l For portuble
use, the inside mounhng is to, be preferred since
the addition of the *“mortar” or turret mukes
the apparatus a little more nnwieldly and unhandy
to carry.

The frequency of the sawtooth sweep oscillutor
is controlled in 8 rough steps. and in addition a
fine control is provided.

Provision is made by proper switching. to use
the horizontal amplifier for either 60-evcle or saw-
tooth sweep, or it may be used to amplify uny
external input to the horizontal Either
amplifier may be cut in or out scparittely and the
amplitude controls for vertical or horizontal plazes
ar ndllable for voltage control wlhetlier the am-
plificrs are in use or not.

An additional control is provided throuzh the
use of a single-pole double throw switeht on the
potentiometer which controls vertical amplitude.
This switch cuts out the potentiometer entirely
when the instrument is to be used for trausmitter
R.F. measurements. The R.F. is no respecter of
potentiometers, as many hams hne fouml to their
sorrow! FEven if the control is “on’ fully, a
great deal of heating occurs and the contral is
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usually ruined; so the best we can do is to cuat
‘t out. When the potentiometer is turned fully
counterclockwise the switch pperates to cut it out.
A slight operation must be performed on the re-
sistance element as it is essential that the contact
arm he entirely open-circuited when the switch is
-)pcmled It is o smple matzer to scrape suffi-
cient carbon from the clemnent so that this is ac-
complished. The "off" po-ition is noted on the
liagram,

Through the malivm of 1 sawitch and a |lohnlm
meter full synchromzatior of patterns s ew
attained.  The switeh allaws for (1) internal,
(2) 60-cycles, or 13) externnl synchronization. [n
the latter po-ition 1 “wohbler” may be conrected
for use when tuning-up scts or for observing R.F.
transformer or antplifier response eurtes

1t <honld be noted that this synchronization in-
put circuit is of high impedanee, rather, than low
impedance, (s found on me~t commercizl oscilo-
scopes. 1 it is imperative to have low-impedance
synchronization councetions, this may easily he ac-
complished by use of a transformer with the high-
impedance winding connecrel to the hinding posts.
A\ mum,»honc tmnqmmu will give a very low-
impedanee innut :f this is needed.

Wiring stould -tart with all AC. feads, that
is. the power transiormer primary and all heater
Teads, .V good deal of <hicdkled wire was nsed in
the orig'nal modcl, nll le ll~ in the inpnt circnits
and “hot” amplifier plate ‘eads heing o covered.

All resistors cxupl the two in the voltage i
viders are of the insulated, ¥5-W. size.

Al fixed Lomluer\ o7 over 0.003-mf. except
cleetrolyties are o° the unewly-developed “molded
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Fig. B, Rear view.

paper” type. These are about the size and shape
of dominoes and many can be packed into the
small space available.

It is suggested that the complete high-voltage
circuit for the 913 be hooked up first aad tine
tube tried. If it is possible to obtain a small
round spot by manipulation of the focus and bril-
liancy controls, then the rest of the apparatus may
be wired.

If all wiring is correct, the oscilloscope should
work perfectly at the first try, It is suggested
that the builder connect an A'C. source of about
2.5 to S5V. to the “V” input terminals znd ex-
periment with the various controls to become ac-
quainted with their action. Do not worry if the
controls appear to ‘“‘interlock” or affect one an-
other. This is quite corsect and will be found
to he usual in other oscillascopes as well,

The “‘trench mortar” ar ““cannon’” mestioned
previously is not a necessity, but is a great con-
venience. The large tube may be of any metal,
but steel is to be preferred for its magnetic shield-
ing qualities. If a magnifying glass is to be used,
the tube may be obtained of a size to fit it. The
mounting should be of “universal” joint type;
flexible both in a circle and vertically—and may
he made in any convenient manner, the one shown

REFERENCE ANNUAL

being built up of aluminum strip. A ball and
socket joint (as used on some mike stands) is
another good bet.

ADDING 2-IN. TUBE FOR °
LARGER IMAGES

In order to accommodate the large tube it is
necessary to build a new top-of-case ‘‘cannon,”
similar to that described originally but of larger
size. It should be emphasized here that this new
equipment is not intended to entirely supersede
the 1-in. or type 913 tube. The latter still re-
tains the great advantage of small size, and its
use means that the technician will have available
a tiny portable instrument devoid of any clumsy
projections, for the cannon type of mounting is just
that. With the 913 inside, the apparatus is idea:
for portable work. In the laboratory where con-
venience is of no great consequence, however, the
use of the 2-in, tube in a flexible mounting is a
distinct advantage.

The new 24XH tube is rated at 400 to 600 V.
so that with the voltage supplied by the original
instrument we can obtain satisfactory patterns.
In fact, there are no circuit changes needed what-
soever since the ratings of the 24XH at 400 V.
are very close to those of the 913. Thus the
ranges of all controls are adequate and no circuit
changes need be made.

Since the new tube is about twice as sensitive
ast the 913, a pattern which will cover the screen
of the latter will cover that of the 24XH so that
again no changes are required, and a simple sub-
stitution will suffice.

All parts of the original “gun” except the ac-
tual tubing itself may be reemployed. A new
piece of steel tube 834-in. long by 2%-in. dia. will
be needed. Steel or iron tubing is required since
the 24XH is not shielded as is the 913 and is
very sensitive to external fields, a characteristic
common to all cathode-ray tubes of the glass bulb
type.

The tubing is cut to size, the ends smoothed and
the necessary holes drilled. The same type of
socket as used originally is needed. This con-
sists of an aluminum cup about 14-in. in dia.
and $4-in. high in which the sockef is mounted.
The socket is removable and the small tongue in
the socket hole must be filed-off so that the socket
may be turned. This allows the tube to be re-
volved so that the pattern may be aligned cor-
rectly. The socket should be placed so that the
groove in the center hole is uppermost. Any
slight variations in the tubes may then be cor-
rected by rotating the latter slightly after it has
been connected and is in operation.

The aluminum socket cup may be held with 3
screws, placing washers between the cup and the

RECT.
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1. Complete diagram and other details.
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Fig. C,

Bottom View
of

Oscilloscope

tubing so that a firm fit will result. A piece oi
3/16-in. bakelite may be turned to a close fit for
the rear of the tubing. This about finiskes the
job except for coating and tubing inside and out
with flat-black enamel. When this dries, pads
of felt may be put in the front end so tkat the
24X H wilr be held away from the walls.

This mount and the new tube will be found to
greatly increase the usefulness of the original in-
strument and if properly interchanged with the
913, a truly versatile apparatns will resn't.

List of Parts

One Kenyon transformer, tvpe T-207;

One Kenyon midget A.C.-1).C. choke;

Two Electrad potentiometers, one with S.P.D.T.
switch, 0.5-meg.;

One Electrad potentiometer, 1 meg. ;

One Electrad potentiometer, 25,000 ohms ;

One Electrad potentiometer with S.P.S.T. switcl.
10,000 ohms;

One Electrad potentiometer, 0.1-meg. ;

One Electrad resistor, 25.000 ohms, 25

Two IRC resistors, 2 megs., ¥-W.;

One IRC resistor, 5 megs., 14-W_;

One IRC resistor, 25,000 ohms, 15-W' _;

One IRC resistor, 1,000 ohms, 14-W

Two IRC resistors, 3,000 ohms, V4-W.;

One 1RC resistor, 0.5-meg., 14-W_;

Two 1RC resistors, 0.25-meg., ¥4-W.;

One IRC resistor, 0.2-meg., %-W.;

One IRC resistor, 50,000 ohms, 15-W _;

One IRC resistor, 50,000 ohms, 2 W ;

BEND 00w ./
BLEEDER
)

ELECTROLYTIC

CONDENSERS BEND DOWN

One IRC resisior, 73,000 ohms, 2 W.;

One IRC wire-waund resistor, 10 ohms;

One Solar electrolytic condenser, 4-4 mi.. 450 V.;
One Solar electrolytic condenser. + mf, 430 V.;
One Solar electrolytic condenser, 10 mf.. 25 V.
Six Solar “*doming’ condensers, 0.25-mf., 200 V.;
Three %Yolnr “domino” condensers, 0.05-mf., 400

Two Solir “doming” condensers. 0.1-mf.. 400 V.;
Three Solar “domino” condensers. 0.05-mf., 400

Two \olu,' “*domino’ condensers, 0.005-mf.. 400

One Solar mica condenser, 0.002.mf. ;
One Solar nica condenser, 700 mmf. ;
One Selar mica candenser, 235 mmf ;
One cuse, 5 x 6 x 9 ins.;

Eight bar knobs;

Two actal socketss

Two 4-prong sockets :

One 5 prong socket ;

Two insnlated gri¢ cups;

One RCA Radiotron type 913 tube;
One RC.\ Radiotron type 835 tube:
Two RCA Radiotron type 1V tubes :
Two RCA Radiotron type 6J7 tubes ;
Two suckets;

Six binding posts;

One 8-pt. switch;

QOne 3-pt. switch:

One 3-position toggle switch;

One paower cord;

One pilot lamp ind <ocket ;;
Hardware, wire, etc.

SWITCH * SYNCH
¢ | Genteou
| \/
- T =
Fne izl
FREQ
CONTROL

| oM |
Ghite | AMPLITLDE

. CoNTROL]

Fig. 2, Complete drilling and mechanical details.
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- 2:IN,
CATHODE-RAY )

The 2-inch
Tube In
Place, Better
Detail Is
The Result




Mixer Circuits
You Should

Know

This article will greatly help

the service man

i)

NN

f
05CILLATOR
oIS

ATTENVATOR

Fig.

Ior testing MIXER CIRCUITS. we desire not
only to have a source of R.I%. oscillations, or
\naves,' but to modulate it, as a transmitting
station’s carrier wave is modulated. This enables
us to tcst the R.F. ampification hetter, and also
the audio stages and the reproslucer of our set.

We may, for instance, take a regenerative set
and introduce into the control-grid circuit an A.F.
transformer (Fig. 1D) through the secondary of
which we increase and decrease the voltage exist-
ing between control-grid and plate; superimpos-
ing thus A.F. variations on the R.F. oscillations
already set up. This is done when we cut a micro-
phone or a phonograph pickup into a control-grid
circuit ; except that, normally, we do not permit
the tube to oscillate when we do this. But a Sys-
tem was worked out, some years ago, rather suc-
cessfully when receiving sets were of less power, to
apply the pickup to an oscillating R.F. tube, and
pass a modulated wave through the whole set,
like a station signal.

We do not, however, need a phonograph or a
microphone. We may, mstead, introduce into the
circuit a resistor Rg with a condenser across it
Fig. 1D; so proportioning the values that the
comlenser will continually charge up, and dis-
charge through the resistor. A given pair, of values
corresponds to a given frequency; as with a con-
denser-coil combination, the time lengthens with
the increased capacity and increased resistance.
(There is an effect of this kind in every grid-
leak detector circuit; but the value of the usual
grid condenser is too low to allow the note thus
created to disturb the ear of the listener, or to
check oscillation, in a tube provided for that
purpose.)

However, in a circuit of the voltage-modulated
type. just discusscd, the audio modulation of the
control-grid voltage changes he bias on the con-
trol-grid too much, for good modulation. So,
like the transmitting amateuvs before him, the
Service Man looks for a combination which will
maintain the signal at the proper oscillation fre-

quency, vet give a good, pure audio note.
We find, for instance, the Heisiug circuit (l‘lg
1E) in which there is a split tuning coil. as in

Fig. 1B; but, attached to the plate of oscillator
tube V1 is a source of A,F. variations, in the
form of modulitor tube V2. The high-impedance

a9
petiv]

1, Circuits of various mixers.

choke. I.. keeps a fairly constant D.C. plate volt-
age on both tubes. The resistor, Ro, lowering
the voltage on the plate of the oscxll:\tor, makes
the ratio of V2’s output to V1’s, and thereby
the percentage of modulation higher, an important
matter in broadcastmg, as well as in testmg This
circuit, therefore, is much in favor in test ap-
paratus.

However, these methods require changes in the
D.C. voltages applied directly to the grids and the
plates of the oscillator tube, and these tend to
change the frequency and create instability of
operation. But. with the introduction of the
modern multi-clement tubes, it became possible to
apply the modulating voltage to other elements,
located between cathode and plate. and thereby
alter the flow of electrons inside the tube, with
the minimum of disturbance to the regularity of
R.F. oscillation.

The basic method of Electron Modulation is
shown in Fig. 1F; the audio modulation may be
obtained from a tuhe circuit o~c1]l.mng at audio
frequency (by the use of a circuit of suitable re-
sistance-capacity values) or from any other desired
source, The plate and signal-grid circuits of the
tube are oscillating at the radio frequency deter-
mined by the grid capacity-inductance of the
tuned circuit; but the amount of the current flow
is varied, without altering the regularity of the
oscxl]atlons, by the A.F. voltage introduced be-
tween the cathode and the second grid to
which the input is connected. This form of elec-
tron modulation is preferrcd for work of great
accuracy.

It is to be explained that. just as a high per-
centage of modulation is desired in a broadcast
station (since it gives more signal in proportion to
the power of the station), so it is desirable in
a service oscillator used to adjust a receiver for
reception of this type. DBy 100% modulation
(since the modulation is the proportion of A.F.
current variation to R.F. current variation in the
wave) the audio system and reproducer of a re-
ceiver may be fully tested without over- loading in

the R.F. and L.F. sections. In addition an in-
strument operated from an A. line may
he used to moduliate the output of the oscil-
lator tube at 60 cycles, with a <ingle tube

and great simplicity of equipment. (This is a very

[World Radio Histol



24 1938 RADIO REFERENCE ANNUAL

tow frequency for audio aligning work, however).
Since the plate is connected, not to a D.C. source,
but to one side of the line which varies in poten-
tial, half the time it is negative with respect to
the cathqde, and no current can flow; but, when-
ever positive, the tube is functioning, and can
even oscillate up to its filament-emission limit at
radio frequency. At 1,500 ke. for instance, it
can be scen that there is time for 12,500 R.F.
impulses in the tube during the positive half of
each cycle.

For the sake, also, of economy, oscillators are
made whose tuned circnits do not cover all bands;
these depend on harmonics.

Just as a violin does not give off a pure tone,
but with it others of higher pitches (which give
the instrument timbre, color or quality) called
harmonics, so an oscillating circuit, bec.\use it is
not perfectly simple, has harmomcs in its out-
put. These are frequencies which are multiples
(and designated by this factor) of the fundamental
frequency to which the principal circuit is tuned;
and, while they are feeble in comparison with the
fundamtnl.ll they can be recognized by sensi-
tive apparatus. The 13th harmonic of a long-
wave (Furopean) station has been heard on a
short-wave set!

For instance.
oscillator is 150 ke, or
monics could be rcnogmzed at:
harmoniec, 300 kc.; (3) at 450 kc.;
ke,; (5) at 750 ke.; (6) at 900 kc.; (7) at 1050
ke.; (8) at 1200 kc.; (9) at 1350 kc.; (10) at
1500 kc.; (11) at 1650 kc.; (12) at 1800 kc.;
(13) at 1950 kc.; and so on. The odd harmonics
are stronger, proportionately, than the even ones;
weakening in strength as the number designating
them increases.

In addition to the features of frequency con-
trol and modulation, another important factor for
the service test oscillator is that of its ountput

suppose the fundamental of the
2,000 meters: the har-
(2) or second
(4) at 600

control; since it is dusirable to test receivers on
weak signals, as well as on strong ones, to de-
termine the alignment of circuits and the working
of A.V.C. etc. V\arious forms of attenuator or
voltage-divider controls regulate this, in addition to
tightening or loosening the coupling between the
oscillator and the set being serviced.

In the selection of test apparatus, cost and
fineness of performance must be balanced, one
against the other, as with all other measuring
eqnipment, in view of the particnlar demands of
the business.

While mixers are not used in home radio re-
cel\'ers, their application in commercial installa-
tions is widespread. They are used where it is
(le<1red to keep a recorded musical program run-
ning uninterruptedly from two turn-tables, to
switch from one microphone to another, to cut
a microphone into a phonograph circnit, to fade
from one loud speaker to another, and for similar
purposes.

Stripped of all but its essentials, a mixer is
merely a means of attennating one output (or
input) while increasing another. The potentio-
meter is, perhaps, the simplest form of mixer.
1f, for example. its re-istance is connected across
lhe primary of a transformer. it may be used to
mix the output oi two pick-ups or similar dev-
ices. One side of one pick-up is connected to
one side of the clement. one side of the other
pick-up to the other side of the element, The
two free leads (one from each pick-up) may then
be connected together, and to the arm of slider
of the potentiometer. ‘Thus, as more resistance
is cut in across the first pick-up. there will be
less across the second, until the former is at
full volume and the latter shorted ont.

Other means than resistance may be used in

mixing. One such is variable capacity, applied
to high frequency circuits.

Simple
Condenser

Analyzer

Low cost and simplicity are the features of
this Condenser Analyzer which checks any filtur
or bypass condenser, either paper or electrolytic
type, for leakage and capacity.

The 2 meters required are of a type commonly
found around many radio shops or readily avail-
able on the used-parts market. This particular
instrument shown in the photo, Fig. A, was built
in the case of an old W.E. type 7\ amplifier.
but of course any suitable cabinet may be nsed.

The meter used by the writer for checking cupa-
city is described in the List of Parts. Closing
switch 1 connects this meter to the A.C. line in
series with the 2 binding posts, Fig. 1. marked
Low Capacity. Switch 2 is left open. Paper
condensers hetween the sizes of 0.01-mi. and
0.5-mf. will give readings on the meter which
are referred to the calibration chart you make up
from standards. Do not attempt to check elcctro-
lytic condensers on this range, as they would be
damaged by the high A.C. voltage.

To prepare the meter for reading higher capa-
cities, it is necessary to open the meter case and
bring out 2 leads dircetly from the movement.
These leads attach to the junction of the move-

NEON TUBE

Fig. A, Front view.

which there is
connect to the

ment and the multiplier coils, of
one in either leg. These leads
High Capacity binding posts.

To use the high-capacity range, close switches 1
and 2, then any condenser connected across the
High-Capacity binding posts acts as a shunt
across the meter movement and canses the hand
to drop back to a value which may be referrcd
to the shunt line on the chart to determine the

capacity. This range may be used to check the
capacity of electrolytics. since the A.C. voltage
across the meter movement is so -madl that it
does not damuage than.

(A conv ement paper on which to draw the capa-
city chart is Keuife]l & Esser No. 258-71 Semi-
Logarithmic paper. On this paper the capacity
“‘curves’ are straight lines.)

The other section of the analyzer consists of
a milliimmeter and a neon bulh (one or two
watts) connected to an external power supply,

[World Radio History|
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Fig. 1,
Diagram of
Condenser
Analyzer.

CAPACITY
(SHUNT)
~—

preferably one with several voltage taps such as
25 V., V., 100 V., 200 V.. 300 V. and
450 V.

The neon bulb checks leakage in paper con-
densers. Insert test prods into tip jacks marked
Common and Neon Bulb and touch prods to the
terminals of the condenser. A good condenser
caused the bulb to flash once and go out; a
shorted condenser gives a steady glow; a leaky
condenser makes the bulb flash intermittently.

SERIES MF.

w
z
-
z
2
a

Series and parallel curves,

ANNUAL 25

For checking leakage of electrolytic condensers,
the milliammeter used has a scale of 5 or 10
ma. and has shunts for multiplying the range
by 10 and 100. Be sure the rotary switch Sw.
3 is the type that shorts between cantacts. Note
that the “Qff” position shorts out the milliam-
meter to provide for the initial surge of current
when an_electrolytic is_connected to the tip-jacks
marked Comman and Mils. After the condenser
charges, the switch may be thrown to the other
positions for reading leakage current. Electro-
lytic condensers which show a Ieakage of morc
than abont 1 ma. per, mi. are defective.

List of Parts
One Weston Rodel 476 A.C.
scale;

One Weston D.C. milliammeter, 0.5 ma. scale:
and multiplier shunts for 50 and 500 ma.;

One Blan the Radio Man neon lamp. 1 or 2 W.;

One Blan the Radio Man rotary switch, 4-point,
for 540 ., Sw. 3;

Blan the Radio Man =nap sw:tches, for
110-V, line;

Three Insuline tip-jacks;

Two Insuline test prods and leads;

Six binding posis;

One Blan the Radio Man light plug and ecable,
wire, etc ;

One cabinet or haseboard

voltmcter, 0-150

Two

for mounting.
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How To Use V.-T.
Voltmeters In Radio

And P.A. Servicing

There are 3 general classifications of measure-
ments to which a V.-T. voltmeter may be applied
in the design and servicing of modern electronic
cirenits

(A) Measurcment of Root Mean Square or
“Lifective” voltage. This is the reading indi-
cated by ordinary voltincters less what error oc-
vurs in the cirenit throngh added resistive drop dune
to the current drain added by the introduction of
the voltmeter into the circuit being meusured.

(I3) Determination of the Value of Voltage
Wave Peak. The so-ealled ‘‘slide-back” peak
voltmeter has long been a favorite of leading
engineers and laboratories for measurement oi the
peak value of voltuge waves. and now avail-
able for the first time in a commercial in<trm-
ment with an internal source of buck-ont po-
tential,

(C) Meceasurement of Direct-Current Voltages,
As in the first classification of measnremems,
1the indications of the peak voltmeter are securced
without drawing current from the circuit under
measurement.

(1) MEASUREMENT OF R.M.S. VOLTAGE

Gencral. The top scale of the instrument ii-
Instrated, is calibrated directly in r.m.s. or ef-
fective voltage, with full-scale deflection |ndnc1!mg
1.2 v. VPotentials as low as 0.1-V, may sily
e read with an instrument of this sensitivity.

The r.m.s. (root, mean. square) value of an
alternating-carrent voltage wave is, by definition.
exactly the same as the value of direct-current
voltage which will produce an equal amount of
heating in a circuit ecomposed solely of resistance
(no capacity or indunctance), W hen considering
a pure sinc-wave alternating voltage, the r.m.s.
vilue will be equivalent to 0.707 times the peak
voltage of the waveforn. Ilowever, if a wave has
other than a pure sinc form this relationship will
not hold trac.

The r.m.s. scale of the vacuum-tube voltmeter
is very valuable for many measurements of non-
sinusoidal voltages, such as the checking of stage
or overall gain of radio- -and audio-frequency and
high resistance.

It is necessary
nected in such o

=

instrument be con-
the voltmeter tube

this
that

that
way
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Fig. A. V.-T. voltmeter.

contrel-grid  eircuit conductive to direct cur-
rent, oterwise the grid max acenmulate a charge
be indicated.

It ® is necessary to take measurcments in cir-
cuits where there will not be a D.C. path from
the vo'tmeter control-grid to ground. a leakage
path for the control-grid charge may be th-
Jished either by leaving the tube prod within the
instrument case (which has a hbuilt-in resistor)
for low-frequency measurements or by placing a
3-mneg. resistor from the voltmeter \ul)e control-
grid to the ground, and i
voltmeter tube control-grid.
desired to measure, with a
denser.

With i connection made to the circuit from the
free end of the condenser, the insirnment wil)
show either peak A.C. voltage values or r.m.s,
voltagvs. To wceure true r.m.s, vzlues from peak-
\olhg’L indications. mutiply €.707. althongh this
neec not he done in measuring guin, as all read-
ings ure proportional.

(2) GAIN MEASUREMENTS IN GENERAL

A typici] set-up is |Ilus\r1 ed in Fig. 1A, where-
in a signal generator is connected to a tube cir-

to the circuit it is
0.01-mf. (mica) con-

cnit.  The ~ame procedure woull hold for a multi-
stage circnit if desired to measure its gain as a
unit.

Fig. 1A a typical eircuit
and is the basis for lhe spt:cmh e measurements
described in later paragraphs. Units R1 and R2
are resistors, either fixed and of known valuc, or
variable and of known calibrations.  For low in-
termeciate radio frequencies. these may be small
commercial units of the variable or fixed type.
For higher intermediate frequencies, broadcast and
short-wave frequeney measurements, it is necessary
to use resistors of such constritetion that capacity
and indnetance effects have heen reduced to a
min nm.

(.1) ¢ onnedlon\

(o

o
oL AatOR
s

Fig. 1. Circuits that can be tested with V.-T. voltmeter.
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The effect of the internal capacity and induct-
ance of any resistor may be determincd by ap-
plying to the circuit of Fig. 1A a voltage of the
frequency at which it is desired to take the gain
measurement, and comparing the value of voltage
indicated on the vacuum-tube voltmeter at point
B with the voltage at point C. This ratio of
voltages should correspond accurately with the
ratio of resistances R1 and R2 if the capacity and
inductance effect is negligible at this frequency.

resonance with the oscillator, or if untunable, ad-
just the oscillator to resonmance. The measuring
procedure will then be identical to that described
above for audio-frequency circuits,

(3)) CHECKING R.F. GAIN IN RECEIVERS

It is not always convenient to remove the inter-
stage transformer or coupling unit in order to
check its gain.  For this reason the following
procedure is frequently employed. In the case

200 OHMS
/

/
-B- 500 0OHMS

! FAUDIO
¢ I AMPLIFIER ~
;. 1]
| R2
1osc, s
| —

R.F
INPUT

COUPLING
o —,

Tirap—
Qircuit

‘—]-' I e_\Tg’ENo -

Fig. 2, More circuits that can be tested.

(b)Y Audio-Frequency Circuits. For testing such,
it is necessary to have as voltage source, an audio
signal generator of the continuously-variable-fre-
quency type.  Set this instrument to the desired
frequency and the actual gain in the circuit can
be evaluated in two ways. One is to read the
voltage at point A, in which event, the gain of
the circuit will be given by the formula.

(R] plus R2) (xA)
GAIN == =
(R2) (\'h)

The other method is usable only on circuits
where it is permissible to vary the value of R1
and R2 without upsetting bias and load matching.
In this case, the voltage at point A to the same
value. When this has heen done, the gain of the
circuit will be given by the formula.

(R1 plus R2)
R2

As stated above, these procedures are general
in nature and more specific procedures will be out-
lined in following paragraphs.

(c) Radio - Frequency Circuits.
frequency signal generator is
source. If the circuit is

GAIN —

1fere a radio
used as voltage
tumiable, adjust it to

of an intermediate-frequency  transformer ©T.”"
the operation of which is in doubt. Fig. 1B may be
taken as representing the typical condition.
Connect un R.F. signal gencrator to the an-
tenna and ground posts of the receiver as shown,
and the vacuum-tube voltmeter to the control-
grid of the type preceding the transformer in
doubt (at point A, in Fie, 1B). Tune the re-
ceiver to the test oscillator output frequency and
adjust the input to the receiver by means of the
attenuator on the signal gencrator until a small
reading. say 0.5-V., is obtained on the vacuum-

tube voltmeter. If the receiver has automatic
volume control. all operations should be made
at a signal level that is below the A.V.C.

actuating voltage.

Should point A be located in a tuned circuit
of the receiver, and such will usually be the case.
tt may be ncceessary to  slightly re-adjust its
resonance after the vacuum-tube V.M. is con-
nected to comipensate for input capacity of the
vicuum-tube VAL

After taking the reading at point A, trans-
fer the voltmecter to point B and adjust the
trimmers in bhoth circuits A and B until the
greatest voltage is indicated on the meter. The
ratio of the voltage read at point B to the voltage
read at point A, 1s the gain of the amplifier stage
under test.

World Radio Histol



Rear View

Of Audio
Oscillator

Service Man's
Audio Oscillator

Two R.I, oscillators are utilized inx this instru-
ment, neither of which is modulated and each
roducing a continuous wave of R.F. current.
When both waves are of exactly the same fre-
quency they cancel, and this point is known as
the zero-heat.

At every other point, where the variable oscil-
lator differs in frequency from the fixed oscillator,
the phenomenon of beat frequencies appears. Thus.
if we mix tweo waves, one of 465 kc. and the
other, 460 kc., we will obtrin the sum and dii-
ference bheat frequencies; thit ix, 465 minus 460
equals 5 kc. and 465 plus 460 equals 925 ke.
We are not intereste¢ in the frequency of 925
ke, because it is inaudible when both waves me
rectified by the 6Q7,

The difference of 5 kc., is the one we want.
The essential part of the 2 rectified waves pro-
duces a 5 kc. beat which is audible and in our
case is applied to the controd-grid of the pentode
amplifier,

The actual useful range of frequencies gener-
ated in this manner extends from belcw 50 cycles
to above 20,000 cycles. The lowest frequency

attainable is zero cycles, which is of no use be-
cause there is no audio component wave at this
point. It is well known that 2 oscillators operat-
g at slightly different frequencies have a tendency
to fall in step, or interlock.

It can readily be seen that it takes extremcly
good design, shielding and other factors to main-
t2in a ditference of only 20 cycles or less between
pscillators and still prevent intcrlocking to zero-
beat. For this reason most commercial units are
rated from 50 cycles, up. Under test our unit has
“gone down’ to § cycles per sec. and maintained
it for several seconds before blooping out. The
upper limit is determined by the maximum ca-
pacity cf the vernier condenser with the plates
fully in which :n our unit is enough to reach
up to about 30,000 cycles. The power output
available is close to 5 W. with a total of 7%
distortion, Ordinarily this amount of power is
used orly to determine at what frequencies a
dynamic speaker cone starts to rattle or distort.

In the initial calibration it is necessary to ob-
tain zero-beat as close as possible to the extreme
left-hand point «n the “tuning” scale with the

FRED

FIT SMmF

%)

12,.05-MF
25 “as'mEg

———————a

&
7 I

CH 1+ 3L00MMS. OHMS. cs wm O :I
CH 2 47000MwS i) iy fgl
e T SRS
i 2 L =]
O W L=

Cacuit diagram of audio oscillator.
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vernier fully unmeshed. 1f this cannot be done.
the next step will be to readjust the beat-ire-
quency oscillutor trimmers. Each oscillator coil
has a pair of trimmers located at the top of the
can.  Adjusting any one of these 4 trimmers will
affect the zero position.

Llowever, this does not mean you should adjust
all 4. The BFO coils are accurately adjusted
to 465 kec. at the factory. Inasmuch as we are
placing a vernier condenser across one of these
coils then that coil will be detuned from 465 ke.
even though the vernier is fully out. Therefore.
it is ounly necessary to unscrew (left or right)
a very slight amount one or both of the trimniers
on this coil only until zero-beat is obtained.

The rest of the dial may be calibrated against
a standard piano keyboard, by striking the notes
which are closest in frequency to the dial mark-
ings and listening to both the monitor note and
piano tone until they match exactly. This oper-
ation should be carried out for about 10 dif-
ferent settings. The highest frequency which the
instrument can produce, is entirely inaudible, bnt
can be observed and studied on the oscilloscope
screen,

Before assembling the BFO coils on the chassis,
open both, and replace each 0.1-meg. resistor with
30.000-ohm, 1/3-w. resistors. On the BFO
which is to be used as the variable oscillator,
it is necessary to solder a 4-in. piece of solid
hookup wire to the control-grid side of the 2
small trimmers which are wired in parallel. Bring
both leads out through the small hole at the top
of the can. Enlarge this hole if necessary. The
original control-grid lead goes to the top cap of the
6J7 and the new lead goes to vernier stator.

List of Parts

One Kenyon power transformer, type T205, PT;

One Kenyon filter choke, type T153, Ch.1;

One Kenyon filter choke, type T155, Ch.2;

One Kenyon output transformer, type T104. T1;

One metal cabinet 12x8x7 ins.;

One chassis, 11x715x2 ins.;

One magnet speaker, 314 ins. dia.;

Two beat-frequency oscillators, L1, 1.2;

Four Meissner shielded chokes, No, 5592. R.F.C.1,
R.F.C.2, R.F.C.3, R.F.C.4;

One Hammarlund midget condenser. type MC20S,

CHASSIS LAYOUT
(TOP VIEW)

HOLES: A= | Y8 01A
(B)=3/4"
(€)= Y4~ »
NOTE:~ ALL OTHER HOLES
ARE MADE WITH
A NS 28 DRILL.
MAT: V16" THK. ALUM

CHOKE CoIL
BRACKET DETAIL
(2 REQUIRED)

(MOLES N$. 28 DRILL

b 2"
o 2o

Panel view showitg controls

Two General Electric type 6]7 tubes, V1, V2;

One General Electric type 6Q7 tube, V'3

One General Electric type 5Z4 tule, V4;

One General Electric type 6F6 tule, V5

Three Aerovox electrolytic condensers, type GL.SS,
16 mi., 450 V., C2, C3, C4;

One Aerovox electrolytic condenser. type PRS0,
50 mi.,, 50 V., C5;

Four Aerovox bypass condensers.
mf., 400 V', Co, C7, C8, Cy

Four Aerovox bypass condensers, tvpe 484, 0.05-
mf., 400 V., C10. C11, C12, C13;

One Aerovox bypass condenser, type 484, 0.001-
mi., 400 V., C14;

One Aerpvox mica condenser, tvpe 1467, 100
mmi.. 400 V., Cl4;

type 484, 0.25-

One Aerovox mica condenser, type 1467, 100
mmf.. C15;

Two Acrovox mica cundenser, type 1467, 5 mmi.,
Cls. Cl17;

Two Acrovox dual condenser, type 484, (.05-

0.065-mf,, 400 V., C18;
One Avrovox resistor, type 930, 250 ohms, 5 W.,

One Acrovox resistor, type 931, 17,500 ohms,
10 W, R2;

One Centralub volume control and switch. No.
72-105. 0.5-mcg.. R3;

Four Centralab resistors. 50,000 ohms, 35-W .,
R4, R5, R6, R7;

o

Details of chassis.
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Scale calibration.

One Centralab resistor, 5.000 ohms, 2 W., R8;
One Centralab resistor, 0.1-meg., 1 W., R9;

One Centralab resistor, 25.000 ohms, ¥5-W., R10;
One Centralab resistor, 0.1-meg., ¥-W., R11;
One Centralab resistor, 0.5-meg., 1/3-W., R12;
Five octal wafer sockets;

Two brown tip-jacks;

One black tip-jack;

One green tip-jack;

One light blue tip-jack;

One orange tip-jack;

One yellow tip-jack:

One dark blne tip-jack;

One black twin jack;

‘T'wo black bar knobs, 11} in.;

One black bar knob, 214 ins.;

Four terminal connectors;

One grid-bias cell;

O ne cell holder;

One S.P.S.T. jack switch, No. 10, Sw. 2;

Bottom View
Showing the
Many Con-
densers and

Resistors

*




CHAPTER 3

Photo Tubes and Cells
When To Use Them

A PHOTOEMISSIVE device is a light-sensi-
tive unit which functions by virtue of the emis-
sion of electrons from a surface into free space.
A photovoltaic device is a light-sensitive unit
which functions by virtue of the displacement of
electrons from a semi-conducting medium into a
contiguous conducting medium.

Purely for the sake of brevity, we shall call
a_photoemissive device a ‘phototube” and a
photovoltaic device a “‘photocell.”

We choose also to define in this article) *‘light”
to include radiant energy in that portion of the
spectrum commonly associated with photoelectric
phenomena. (Inasmuch as the “electric cye” is
susceptible to or, otherwise, will ‘“‘see’” what or-
dinarily would be referred-to as a ‘“‘radiation.”—
Editor.) Hence, we may consistently refer to not
only visible light, but also infra-red “light,”” or
ultraviolet “light.”

(Both the latter may be referred-to as the
so-called “black light”; but it is the latter that,
in contrast with infra-red radiations, due to its
property of causing fluorescence in certain ma-
terials is commonly called “black-light.”—FEditor)

Fundamentally, there is no difference in the
functioning of plhiototubes and photocells, In both
types the energy of a “light quantum” (a given
amount of light) is imparted to an clectron which
rends itself from its orbit with an excess of
kinetic energy to escape in the one case into free
space or, in the other case, into a conductive
medium.

To use a crude physiological simile, the sur-
face of a phototube cathode might be likened to
the raw dermis of animal skin, the electron cor-
pulses bleeding out into the open; while the sur-
face of a dry disk photocell may be likened to the
skin complete with epidermis.

As a matter of fact. a phototnbe will develop
an electromotive force on an open circuit when
exposed to light. and will also deliver a short-
circuit current, both without aid of an external
battery. On the other hand, a photocell may he
used with an external battery to exhibit the char-
acteristics of a phototube shunted by a nonolimic
resistance.

The phototube may he regarded as a light-
actuated current valve which is opened by an
amount directly proportional to the incident light
flux. The current, small as it may be. can be
driven full.strength through any resistance, the
maximum value of which is limited only by the
available e.m.f. in the external circuit.

The photocell may he regarded as a  light-

actnated generator, the output of which is «a
direct fm_mhon of the intensity of the incident
light. Tf a1 photocell is connectesdl to a low-

resistance device, and its own internal series resist-
ance is low. the current delivered will be linearly
proportional to the light intencity.

racteristics of the photocell are

The uscful chs
current sens ity expressed i

its low-resistance 3

microamperes per lumen, or better. microamperes
per foot-candle per sq. in., and espeeially its
maximum power output expressed in microwatts
per foot-candle per «q. in.  Current sensitivity
ranges from about 100 to 500 microamperes per
lumien or ahout 1 to 4 ma. per font-candle per
sq. in.  Maximum power output ranges up to 1
microw:itt per foot-candle per sq. in. The logical
application of the photocell is first of all to
light-metering, in whieh the cell is associated with
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a calibrated meter in a portable unit or in which
the cell serves as a light-intensity indicator in an
associated circuit, and, secondarily, to certain
control devices in which it has been proved feasible
to employ a delicate d’Arsonval relay as the fisrt
of a sequence of relays,

It does not seem necessary here to reproduce
all of the characteristic curves for typical photo-
tubes and photocells, as our present interest 1Is
more restricted to their use in measuring light in
various parts of the spectrum. IHence we shall
limit ourselves to an examination of typical spec-
tral response or ‘‘current-color’” curves. In order
that we may follow some logical principle of

COREX D

RELATIVE RESPONSE
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Phototube curves.

division in our procedure, let us begin with the
long waves of the infra-red and then proceed
toward the regions of shorter wavelength.

There is no photoelectric device which has any
appreciable response for wavelengths longer than
2 nicrons. In practice, one need not expect any
useful responsc hevond 1.2 micron in cesium-
oxide phototubes.

In Fig. A are given spectral curves for some
experiments cesium-oxide phototubes made by
Teves. 1t appears that these curves illustrate the
greatest inira-red response that has been re-
ported to date for phototubes. In the region oi
0.7 to 1.4 micion such can be very conveniently
used to measure or to be actuated by infra-red
light. A cesium-oxide tube, together with a
visibly opaque. infra-red transmitting filter such
as Corning Glass No. 254 or Jena Glass No. RC-9
or Wratten No. 87, comprises a unit sensitive
only to the region just defined. As tungsten
lamps radiate maximum energy in the sanie region,
an efficient system for an invisible burglar alarm
is readily suggested.

Both selenium and copper-nxide photocells can
be made to have unear infra-re]l response, al
though generally the selenium cell is more red-
sensitive as scen in Fig. 1), where curves for
typical copper-oxide and sclentum cells are shown
together with a ~haded curve illustrating the range
of sensibilities for 125 human cyes.

In the visible spcctrumn it becomes convenient
to evaluate light intensities in terms of visibility.
Hence it is highly desirable to employ a light-
sensitive device, the spectral response of which
resembles as nearly as possible that of the eye.
I’hotocells micet this specification much more nearly
than phototubes. as a matter of fact copper-oxide
cells can be made with nitural respounse amazingly

lorld Radio Histo
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close to the average eye curve. In general, cop-
per-oxide cells tend to be somewhat shy in red
response, while selenium cells have excess sensi-
tivity in hoth red and violet. However, by use
of a suitable filter, at the expense of rated sensi-
tivity, the selenium cell can always be made
equivalent to the eye.

In devices such as color matchers or color
analyzers in which it is necessary to obtain com-
parable responses in all parts of the visable spec-
trum, one should have a light-sensitive unit at
least as responsive to violet as it is to other
colors. In fact, since the tungsten lamps, which
serve as sources, are notoriously weak in violet
radiation compared to red, it is highly desirable
to use a light-sensitive unit more sensitive to
violet and blue than to red. In Fig. C it may

N Ta
’ | ol ‘\ | 3 S
COMMERCIAL £/ 1 /\
SELENIUM 1 1 \
‘ BLUE - b § |I
“COREX D I,_ iENSlTIvE (‘ ’

is more transparent to ultra-violet, the curve is
seen to shift. Such a tube is doubtless the most
sensitive device known for measuring ultra-violet
light between 2,000 and 3,000 Angstroms.
Typical spectral curves for such tubes, as “pho-
tox” ‘or special ultra-violet phototubes developed
by Rentschler, Henry and Smith, are given in
Fig. E. It is apparent that practically any de-
sired region may be isolated by suitable choice of
metal and envelope. It is feasible to amplify the
current from these tubes, many suitable circuits
having been published.
3 The captions for the graphs are hriefed as fol-
ows

Fig. A—Spectral curves for several experimental
cesium-oxide phototubes showing extent into the
infra-red. (After Teves)
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Other interesting curves for photo tubes,

that cesium-oxide tube is

light.  Fortunately it

the normal

be seen
relatively weak for blue
is possible to modify the manufacturing schedule
so as to obtain a ‘blue-sensitive’” tube which is

almost ideal for the application. Superfluous
infra-red response can be conveniently removed
by means of an infra-red absorbing filter such
as Corning Aklo Glass.

It is probably a general impression that cesiums
oxide cathodes’ have a sharp maximum of re-
sponse in the near ultra-violet. This peak, how-
ever, is only apparent as is shown in Fig. C. The
sharp cut-off on the short wave-length side is
caused by the absorption of the glass envelope.
Putting the cathode in a Corex D) envelope, which

Fig. B—Spectral curves for cesium.oxide tube
in lime glass and Corex D glass envelopes. The
dotted curve illustrates the differential response as
a method of measuring intensity in an isolated
spectral region.

Fig .C—Spectral curves for ‘red-sensitive” and
“blue-sensitive” cesium-oxide phototubes on ultra-
violet response of the “‘red-Sensitive” type.

Fig. 1D—Spectral curves (typical) for selenium
and copper-oxide cells as compared to the range
of sensibility curves for the human eye.

Fig. E—Spectral curves showing change in
threshold of frequency in the ultra-violet for vari-
ous metallic cathodes. (After Rentschler, Henry,
and Smith, By courtesy of R.S.1.)



Tester For
Intermittent
Opens In
Condensers

2TURNS
(EACH)

One
detect

of the most difficalt condenser troubles to
is the problem o° open, or “intermittent
open’” paper condensers. To detect these condi-
tions quickly and efficiently a speciul type of
tester has been designed and is in use in a well-
known conrenser factory. Service Men may wish
to duplicate it.

The tester consists of & push-pull oscillator cir-
cuit that will deliver approximately 8 watts of
R.F. power, This currert is sufficient to tend tc
break down any interm! trent contact hetween the
condenser terminal, or wire, and the condenser foil.

In same cases this breuk-down wiil occur m-
mediately, and in others it may he necessary to
allow the condenser to ‘‘cook™ for or 10
minutes.  [f such a weak contact is present it is

certain that the heavy R.F. current, which passes
throngh the condenser, will produce the desired
permanent open and thereby the faulty condensers
can be eliminated.

The cxruut is so arranged that tle condenser
under test is placed in a series resonant circuit
with the variable condenser of the tester. By
varying the capacity of the variable condenser
CV, with the test condenser in the circuit at
terminals TEST, resonance is indicated by maxi
mum glow of the pilot light, V. Also, it it
po“wble to have a capaciiy indicator by calibrat
ing the variable condenser with standard con-
densers of known capacitunce. Intermittent-open
condemsers can be detected by the flicker of the
pilot hght; and no-glow indicated a completely-
open condition.

In construction of the tester, it may be neces-
sary te adjust the coupling coils in the resonant
circuit to obtain maximum glow of the pilot light,
however, after a few trials this condition can
bhe obtuined satisfactorily. Use well-insulated test
prods und keep safely away from the R.F. output

*

Photo and
Diagram of

Condenser
Tester
L 2
of this “bLrenkdown-‘est-oscillator” in order to
avoid high-irequency bhurns.

Coil L 76 turns of No 24 enam.
wire wound on a form (preferaldy, air-core)
14.-ins. in din. Coils 1.1 an¢ L2 each consist
of 50 turns of No. !4 enam. wire wound on a
form 1z-ims. in dia,

The fol]m\ rg list of Parts is suggested 1o
binlders who may want o try out this idea in a

lab. set-up, Substitutions may be made by the

experienced rilio man as necessary to suit in-

dividnal convenience.

List of Parts

One Standard Transiormer €orp. pawer trans-
fermer, 030 V., ma. sec and & 2.5 V. sec,

One Standard Transformer Corp. fiiter choke,
200 ma.. Ch.l:

Ome Hammarlund R. I'. choke. 130 ma., Ch.;

One Hammarlund variable condenser, 350 mmf.,

Two Tuné Sol type 45 !uncq‘ \'] V2,

One Tung-Sot ype 80 tube, V3

Two Sprague condensers, nO Y.\ 24-70, 70 mmf{,,
1,500 V.. C;

One L.LR.C. resstor, 25.000 ohms, 5 W. (no less),
K;

One Sprague f‘omlenser‘ No. TC-2i. 0.005-mf.,
400 V.,

One  Syp-ag: e condenwr‘ No. TR-11. 0.01-mf,,
820 V., C2;

Two Sprague " condensers, No. 07T-21, 2 mf., 800
A, C3,

One R.F. co’l unit (see text for construction
data) L, L1, 1.2;

One SP.S.T. toggle switch. X,
One bulb (und socket:. 2.3 V  filament, V.3
Three 4-prong sockets.
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The useful chart shown in diagram at the left
can be used for almost any desired short-wave coil
calculations in receiver and converter construc-
tion. Its utility range is confined, therefore, to
the frequencies covered in practical short-wave
receiver service. Using the chart, the designer
may directly and easily find an unknown with
2 known factors, of course, the 2 knowns may be
found on the chart scales, and the unknown lies
in the straight-line relation range.

With the 2 known spotted, a straight line is
drawn between them and the unknown found
where the line crosses the 3rd. scale, either in
traveling between the points or in cxtention.

For example, suppose we have a coil of known
5 micro-henries inductance and we wish to know
the frequency to which this coil will tune with
a capacity of 50 mmf. or .00005-mf.). We check
these 2 figures on the capacity and inductance
scales, draw a straight line between them, and
find that we cross the frequency scale at 10 mec.
(10,000 kec. or 30 meters). Or, if we have a
variable condenser which we wish to use in a
tuned circuit and which at a value of 50 mmfi. is
to “hit” 30 meters; we draw a straight line be-
tween the known frequéncy and capacity scales,
from known point to known point, and extend
it to cross the 3rd scale for inductance at 5 micro-
henries. The coil required should have this in-
ductance; to be found by trial and error, and the
application of a simple formula found in almost
every ratio text book.

The inductance figures are in microhenries and
not milli-henries. The frequency figures, for the
sake of simplicity, are given in terms of mega-
cycles; the capacity figures in terms of micro-
farads. These same terms are used in the in-
ductance formula.

The chart may be used to give readings below
or above the scale ranges by dividing or multi-
plying straight-edge figures by 10, or multiples of
10. If we wish to know the inductance required
to tune to 500 meters or 600 kc., for instance,
with a capacity of 400 mmf{., we simply draw
a straight line between the 50-meter and 40-mmf.
points, and extend the line to cross the induct-
ance scale. We find the inductance reading to
be approximately 16. As we divided both capacity
and wave-length figures by 10 (inorder to use
our limited-range chart), we must now multiply
16 by 10 in order to get the true required induct-
ance,

The chart is fairly accurate and for almost all
practical purposes may be relied upon where two
factors are known—one desired, one measured.
Where one “known’’ factor (particularly capacity)
must be estimated, the results must, of course,
be considered a near or approximate reading only.
Approximations, however, will be acceptable in de-
signing coils for the converter, accuracy of align-
ment to cover desired frequencies being a matter
of adjustment. and check-up against the carriers
of stations known to be crystal-controlled, with
coils built and wired into the circuit.
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How To Get
“Long Distance’” On
Your All-Wave Set

DXing Still Holds Thrills For Many

A great deal of confusion has been caused by the
terms meters, kilocycles and megacycles which
are used interchangeably to denote the channels
on which various stations operate. Actually they
are 3 different ways of saying the same thing.
No useful purpose would be served here to go
into an involved explanation of the significance
of these terms. Simply let it be said that they
are units of measurement, somewhat as a foot
or yard is a unit of length.

For example, broadcast station WLW in Cin-
cinnati operates on a wavelength of about 428
meters. Another way of saying this is that WLW
operates on a frequency of 700 kilocycles. (To
translate meters into kilocycles, divide either into
300,000—which is about the speed in kilometers
with which a radio signal travels. The quotient
is the desired figure.—Editor).

The kilocycle (or kc.) method of figuring is
used more often today because it is more con.
venient than the meter system. The shorter the
wavelength of a given station, the higher its
frequency in kc. will be. A station operating in
kc. will be. A station operating on 200 meters
has a frequency of 1,500 kc. while one on 10
meters has a frequency of 30,000 kc.!

When dealing with these short-wave stations,
the use of kilocycles becomes a nuisance. For
example, a certain station operates on 25.33
meters. This is equivalent to 11,750 kc. The
frequency is a large number, Therefore, it has
become the practice when dealing with short-wave
stations to give their frequency in megacycles
instead of kilocycles. Mega means million, while
kilo means thousand. Therefore, a kilocycle is
really a thousand cycles and a megacycle is a
million cycles. Consequently 1 megacycle equals
1.000 kilocycles or kc. Thus the station whose
frequency is 11,750 kc. can be identified as oper-
ating on 11.75 mc. Note that the last figure
of tgc frequency in kilocycles is generally dropped
when using megacycles. Megacycles are not used
with regular broadcast-band stations because there
the kilocycle method is satisfactory since the
figures involved are small. Station WLW on
700 kc. could be written as 0.7 mc. if desired.
For aid in remembering the difference between
these three, a list giving the meters, kc. and mc.
of a number of reference points is given, as fol-
lows: 50 meters equals 6,000 kc. or 6 mc.; 30
meters equals 10,000 kc. or 10 mc.; 25 meters
equals 12,000 kc. or 12 mc.

AMERICAN

waves { %o 555

(200 15 POLICE - AMATEUR-ETC.
100 3.0 PZ~AVIATION- COMMERCIAL-
AMATEUR
COMMERCIAL- AVIATION =
. ETC.
50 60 [~ SHORT-WAVE BROADCAST
EXPERIMENTAL -
COMMERCIAL, ETC.
r“snvgsom 35 9.5 4. SHORT-WAVE BROADCAST
HIGH < COMMERCIAL., ETC.
FRE= 4~ EXPERIMENTAL
QUENCY)! 240 120 [ SHORT-WAVE BROADCAST
COMMERCIAL, ETC.
O SHORT-WAVE BROAOCAST
COMMERCIAL, ETC.
16.85 177 [Zd-SHORT-WAVE BROADCAST
COMMERCIAL, ETC.
1394 2.5 przd-SHORT-WAVE BROADCAST

+— COMMERCIAL, ETC.

LOCATION TIME OF OAY IN
FREQUENCY OF E.S.T. FOR BEST
STATIONS RECEPTION.
30-20MC. EUROPE 7 TOUHAM.
SOUTH AMERICA IHAM.TO 2PM,
ASIA & AUSTRALIA 3T06PM.
20-17TMC. EUROPE TAM. TO | PM.
ASIA & AUSTRALIA 2 TO6PM.
SOUTH AMERICA | 1I0AM TO3PM.
17-13MC. EUROPE 5AM. TO 9PM.
ASIA 8 AUSTRALIA ||l;h4;o1’g f?j”'
SOUTH AMERICA ATOTPM
13-11MC. EUROPE l%l;n?fggﬁn
asiasausTRALIA ({1 6?;"4 o3 a
SOUTH AMERICA 2 TOaBM.
H-8MC. EUROPE 4PM TO4AM.
ASIA L AUSTRALIA 4TO9AM.
SOUTH AMERICA | SPM.TO7AM.
8-5MC. EUROPE JOPM.TO2AM.
ASIA & AUSTRALIA 5TO7AM.
SOUTH AMERICA TPM.TO5A M.
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Do not cexpect to he able to turn on your
radio set and tune-in a certain short-wave sta-
tion at any time of the day. This is impossible.
First of all the factors mentioned is the cffect of
the time of day on reception.

During broad daylight the shorter waves or
higher frequencies are the only ones capable of
providing long-distance reception. Thus the waves
from 10 to 20 meters (30-15mc.) give best re-
sults when there is daylight either at the station;
at the receiver; or, at both places. The shorter
thc. wave, the better it is for daylight communi-
cation.

The stations operating near 20 meters are heard
best in the Fall and Winter when there is day-
light over most of the distance between the sta-
tion and the listener. The stations below 15
meters. or above 20 mc. are heard best during
these seasons when there is daylight over the
whole path. Practically, this means that Euro-
pean stations operating near 15 mec. are heard
best in the U.S.A. at this period from 4 to 7
am. and 11 am. to 4 p.m. The stations above
20 mc. are heard best from 7 to 11 a.m. Asiatic
and Australian stations in these bands are heard
best from 9 a.m. to 7 p.m.

The stations operating between 25 and 35
meters are heard best when there is darkness over
most of the path between the listener and the
station. Thus the Europeans in this band are
heard best from 4 p.m. to 5 a.m. Asiatic and
Australian stations are heard best from midnight
until 9 a.m. Wavelengths from 35 to 60 meters
give best long-distance reception when the whole
area is in darkness. Europeans are heard in this
band from 6 p.m. to am. At present this
band does not give very good reception of
Luropean stations at any time; the higher f{re-
quencies are superior for this purpose. However,
many South American stations can be heard from
5 p.m. until 6 am. in this band and especially
near 6 mc. The waves above 60 meters are not
suitable for long-distance reception (over 2.000
miles), at present,

In summer the higher frequencics give better
results, even at night, while in Winter the lower
frequencies are most effective and provide the
clearest signals. The various short-wave stations
realize this and generally broadcast on 2 or more
frequencies, simultaneously, using a high and a
low frequency. These stations also change the
operating frequencies several times during a day
shifting to lower f{requencies as darkness ap-

prouches.  They also make seasonal changes in
frequencies used to insure good reception at all
times. A great many newspapers carry daily
schiedules of the best-heard short-wave foreign
stations; thesc station lists give last-minute de-
tails as to the exact frequencies being used at any
time. There are also a number of magazines
which publish the operating schedules (frequency,
and time on the air) of all stations.

‘There are also a number of other points which
must be observed in order to get a great deal of
distance reception on an all-wave set. Though
these are quitc obvious, sometimes their very sim-
plicity causes one to overlook them. For this
reason, it is essential that they be appended.

First: Do not expect to get as much distance
with a cheap all-wave set as your friend gets with
a more costly one. Nor should you expect an
all-wave set to give results as satisfactory as a
set designed for short wave use exclusively, While
many of the better all-wave sets are efficient on
all the bands they cover, few of them will equal
in sensitivity those sets designed to work only
on the higher frequencies. .

Second: Do not expect to get as much dis-
tance with an old all-wave set as with a newer
model, other things being equal. Radio sets are
being improved continnally, and later models af-
ford better distance than do comparable earlier
models. o

Third: Make sure that your set is in good con-
dition. If one R.F. or 1.F. alignment has shifted,
the set will not be as efficient as though the
stages are correctly aligned.

Fourth: Ilave your tubes tested, and replace
any which may have deteriorated through serv-
ice. Even one tube that is slightly deactivated
can impair distant reception seriously.

Cifth: Have an adequate antenna. The best
you can get is the one recommended in the
{nstructions which the manufacturer supplied with
vour set. He wants your set to work as well
as possible; follow his™ suggestions. Should you
have not such instruction sheet, your dealer’s sug-
gestions are the best substitute. Remember that
no set can be better than its antenna, and do
not skimp when making the antcnna installation.
Should your set require a ground, as most sets
do. he sure to have a good ground on it. .

Sixth: Be patient. Tuning is critical on dis-
tant statioms. particularly on the short waves, If
the controls are turned too rapidly, you will pass
stations which you might otherwise hear. Take
your time. and tune carefully,




CHAPTER 4

Interphones

1.-Tube A.C.-D.C.

Interphone

In order to understand the principle of opera-
tion of the l-tube intercommunicating system, ex-
amine the 2-station type which is shown in sim-
plified block diagram.

In Fig. A station No. 1 and No. 2 are shown
in the “stand-by" position ready to receive mes-
sages from each other. In Fig. I, station No. 1
has thrown its switch to the send position and
is talking to station No. 2. \When station No. 1
releases the switch, both stations are again in
stand-by position and station No. 2 talks to
station No. 1 as shown in Fig. C. Notice that
during transmission, the 2 amplifiers are in cas-
cade in order to give the required amount of
amplification. The total amount of gain is
“*divided” equally between the 2 stations.

The schematic circuit of a single unit of a 2-
station system is shown in the diagram. In in-
stalling the system, a 2-wire cable (with plug
and socket connections) is run from one unit to
the other. Each unit uses a 12A7 type tube
which consists of a half-wave rectifier and a high-
gain power pentode,

Note that the rectifier system. does not use
a choke for filtering. The 2,000-ohm resistor,
R2, provides adequate filtering without causing
excessive voltage drop. This is due to the fact
that the 12A7 draws only 15 ma.

Switch Sw. 1 is a double-pole double-throw
unit of the press-to-talk type. This means that it
should contain a spring to return it to the “listen”
position. Of course an ordinary D.P.D.T. toggle
switch may be used, but this is more diffiicult to
manipulate than the spring-return type.

Input transformer T1 is designed to feed from
a 4-ohm line into a control-grid. The output
transformer, T2, is of the universal type with
the full winding used as primary, and taps 2
and 5 for the 4-ohm secondary. DBy shifting the
taps of this output transformer, variations in tone
may be effected. In general, however, the 2 and

STATION
N2 2
{ORUPTO7)

N

STATION
N2 L

The complete set-up.

When more than 2 stations are necessary, cir-

cuit B_in the diagram should be used. An ex-
amination of this circuit shows that a 7-point
switch, Sw. 3, has been added. Also an octal-

type socket has been substituted for the 5-prong
socket, We can now install 7 of these units as a
selective-type  intercommunicator. The 7-point
switch allows us to select any one of the other
6 stations with the last point used as an “off” or
“stand-by" position,

The complete interconnecting wiring diagram
of the 7-station intercommunicating system is
shown, 'The materials required consists of an
8-wire color-coded cahle (of sufficient length to
pass through all the rooms in which the stations
are to be installed), and 7 octal-type plugs.

The 7 octal plugs I’a. I’h, Pc, etc., are con-
nected to adequate lengths of #-wire cable as
shown. The color code of all shculd be identical
and are to correspond to that of the main cable
to which the pligs connect. In connecting the
plug cables to the main cable, simply skin back
the wires, make the proper connection (solder all
connections), and tape each individually. These
connections are made at the points where slack
was left in installing the cable. For the sake of
appearance the cable junction should be covered
with a small box. Note that plugs I'a and I'g
may be connected directly to the ends of the
main cable. The next step is to insert the 7 plugs
into their respective units and plug the line cords
of the units into the A.C. or D.C. line. The
system is now ready for operatian.

The indication of the outlying stations on each
unit may be made by studying the various draw-

5 taps will be found best. ings. Thus on station “A”, the pointer knob
— S S — o
5 5 — TR A AR C — Oy
RECT, F AMP, 1, 8mF [ [Caymm
6 ( Laa? s QQ_LW
Pl st . % S0 oms, <_F2 AI \g
- CONNECTS TO STATION -~ - ™y
(A g B e Sy ® sw.3 PO
— o —L&p 2 [T 1
P S i) 13 1) o & (
2 Sod /o sw2 _| P l s.
= T, v/ 2 ] 4 ot | 2
-+ 3 4
T ~
AR B B[] L Flle.
360 h
C 4 =5 OMMS, R3 sw.i 4
ca:zu.&_ — {INLINE CORD)| L 3
i PERM.MAG.  LIOV.V ﬁmll‘:__ﬁ]
VOICE CoiL/ SPKR. AC.-DC 5 @ WG SokR

Diagram of two station system.
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8-WIRE RUBBER COVERED CABLE =~ —,

(NO3. ARE
THE TER-
MINALS
OF THE
OCTAL
SOCKETS)

Selective or private circuits.

of switch Sw. 3 indicates as follows:
Point No. 1. “off"” or “stand-by”

to station ‘‘B”’
to station
to station “D”
to station “E’’
- .to station “F”

The dial markings of station ‘‘B”’ are similar,
except that Point No. 2 indicates station “A”
instead of “B,” etc. The operation of the system
is as follows: All stations are normally on point
No. 1 or “stand-by.” If station “A’’ wishes to
call station “B,” the knob of Sw. 1 is pressed for
the “call” position. When station ““A” is finished
talking, station ‘‘B” need only press Sw. 1 in
order to answer. This feature of the system saves
much time because in the usual interphone system
“B” would have to know from what station the
call had originated in order to reply.

If station “A’” wishes to have a conference
with stations ““B” and “C” simultaneously, he
calls them each individually and asks them to
get on his line. A 3.sided conversation is then
possible. This may be also arranged for any
number of stations. Even while talking to all 6
outlying stations there is no loss in either volume
or quality., This is due to the design whereby the
voice is transmitted to a load which absorbs a
very small amount of power. In the usual type
of intercommunicator, the power delivered is in
inverse ratio to the number of speakers on the

e

MOV LN

line.
While the system described was for 7 stations,

any number of stations may be arranged-for by
means of slight changes. For instance, if a 3-
station system is desired, only a 4-wire cable
between stations is necessary. Only that portion
which includes Pa, Pb, Pc, need be used. For
more than 7 stations, the number of points on
Sw. 3 must be increased proportionately, and the
cable like-wire. Also binding post strips will be
necessary instead of the octal sockets used. (The
constructor may wish to try the recently-announced
type 25A7G, 25-V. tube—not as yet available to
the writer—if increased amplification is desired.)

In constructing the units, we first make the
chassis. The main part of the chassis is formed
from a piece of No. 16 gauge aluminum. All
holes are made with a No. 28 drill unless other-
wise indicated. Next to, or in between the pairs
of holes is indicated the part which is mounted
there. Before the parts are mounted, flaps are
bent down in order to form the chassis. The
small front panel on which the switches are
mounted is fastened to the main chassis with two
screws. The 3-in. P.M. dynamic speaker is
mounted on the chassis by 2 small angle brackets.

In wiring the unit there are no special pre-
cautions except to note as already mentioned, and
the “B” minus return does not ground directly
to the chassis.

The dimensions shown are for the inside of the
box. The front panel should be Y4-in. thick, and
the sides may be any tbickness desired.

The speaker hole may be either the simple
circular type shown, or else the grill type.

"HOLE
FOR SW.3 ™

Eip

Chassis layout of interphone.
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After the units are set up, try reversing the
line plug while one station is transmitting to the
other. The best position as to minimum hum
should be noted and maintained. If the units
have been wired up correctly there is almost no
chance of trouble.

List of Parts

One Sylvania type 12A7 tube, V (see text re
25A7G) ;

One Sprague dual electrolytic condenser, 8 mi.,
200 V., C1;

One S{),ragus electrolytic condenser, 10 mif., 25

One Co;nc]l-i)ubilier paper condenser, 0.1-mf.,

200 VvV, C3;
One Stancor input transformer, 4 ohms to grid,
1;
One Stancor universal output transformer, type
A-2855, T2;

One 3-in. permanent-magnet speaker, P.M.;
One “12A7" type socket ;

One 5-prong socket, S1;

One Centralab D.P.D.T. switch, Sw. 1;
One Centralab S.P.S.T. switch, Sw.2;

One I.R.C. resistor, 2,000 ohms, 1 W., Rl;
One I.R.C. resistor, 1,000 ohms. ¥5-W., R2;
One Resistor, 360 ohms. R3;

One 5-prong plug, P1, P2;

One chassis;

One cabinet.

Additional Parts for Multi-Station Type
One Centralab 7-point switch, Sw.3;

One octal socket, S3;

One octal plug, P-A to P-G;

8-wire rubber-covered cable.

STATION
N2 i

STATION
Ng 2

How circuits line up.

3 IN, PERM, MAG
DYNAMIC/

TO STATIDN N2 (LR 10 7)

Rear view.

Front panel layout and bottom view.



2-Tube
Inter-
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A Perfect
Interoffice
Wireless
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The elements vital fo a catrier intercommunica-
tion unit are given in the fol'lowing paragraph.

1) Radio-frequency oscillator tube— this may
be used as the detector when receiving. (2) Power
modulator tube —for modulating the R.F. This
may be used as a power tube when receiving. (3)
Voltage amplifer tube- to step-up the sigral from
the microphone (in this «se the permanent-
magne. dynamic type loudspeaker). When re-
ceiving, this s used to amplify the output {rom
the detector. (4) Rectifier tube—to deliver re-
quisite current. (3) Switching svystem-— which
will change the above elements to thewr proper
relationships when sending aund recei.ing.

These points are explained in the block dia-
gram. This shows graphically how the change-
over system works.

The requirements for the tubes ure that they
shall he of the 0.3 type and that 2 tubes shal
The com-

periorm the functions listed above.
binatiecn of the rectifier and power tube is ac-
complished by the use of the 12A7 tuhe.

The combination of the escillator and voltage

amphfier tube has been made eaxy by the re
cently-designed type 6C8CG twin tricde tube. An

T2

o

POSITION
CARRIER FREQUENCY =130 KC

important —for our purpose - ~design feature of this
tube is the fact that it has separate cathodes.
This enables us to completely isolate the oscillator-
detector scetion (as we will use the tube) from
the amplifier section of the tube. The grid (cap)
section is used for the voltage amplifier, and the
lower section for the oscillator—detector.

Now let us trace the path of the slgnal when
the unit is in the talk position. The ‘‘micro-
phone” (Sp’k’r) picks up the sound and the out-
put voltage is brought to the grid-cap-triode of
the 6C8G by the step-up transiormer, T2, The
amplified signal is sent to the pentode section of
the 12A7 . This signal which now is of the order
of about 50-V. peak, is used to modulate the
oscillations of the second triode of the 6C8G.
This modulated R.F. signal is passed to the low-
impenence primary of the R.F. transformer. L,
and then an to the line by means of condenser

The other unit which is in the receive ponuon
picks up the signal from the line. Then it is
~sent through the I{ F. transformer 1., to the grld
of the second =ection of the 6C8G. This tube is
now being used asx a diode, the real plate of the

(CHASS'S
ONLY)

(MAGNETIC’ 4 N
PE)

EPKR

Wiring diagram showing switch 2 in talk position,
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tube being grounded by the C section of Sw. 2
The detected signal then passes through a low-
pass filter—R4, C8, which permits only the A.TF.
component of the signal to pass.

After passing the volume control, R, the sig-
nal goes through section B of Sw. 2 to the grid

cap triode of the 6(C8G. The signal is then
amplified by the pentode section of the 12A7 and
finally reproduced (after passing T1 and section
1B of the Sw. 2) by the speaker, Sp'k'r.

The details of the construction of the oscillator
coil L are shown in the sketch. Coil L1 includes
300 turns of No. 30 D.S.C. copper wire-wound,
honeycomb fashlon, on a dowel stick 3/8-in. in
diameter and 34-in. long. When complete, the
winding should be approximately 1 in. in diameter
and 3/16-in. wide. A tap-off, T, is taken at 150
turns. Coil 1.2 is composed of 50 turns of No.
26 D.C.C. copper wire wound, straight layer
fashion, between two cardboard washers (as
shown). The outer end, 0, of .2 goes to ground
and the inner end, I goes to condenser Cl1. The
outer end G, of 1.1 goes to the grid and the inner
end, P, goes to the switch, Sw.2,

Tunning of the coil is effected by means of
condenser C6 and trimmer C5. This trimmer
may be omitted if desired as the tuning is quite
broad. The frequency of the carrier is approxi-
mately 130 kc.

The chassis consists of 2 parts, a front panel
and the chassis proper. The photographs indi-
cate how the sections are bolted together. Thls
type of arrangement allows for mounting in a
metal box, or if desired in a suitable wooden
cabinet. The proper places for mounting the
parts are indicated by the letters next to the re-
spective mounting holes. Note that all the parts
on the chassis are mounted on top with the ex-
ception of a S-terminal-lug strip which is mounted
directly beneath the trimmer condenser. All
other parts are fastened directly in place by
soldering. The photographs should give many

NOTE ~ALL MOLES EXCEPT TMOSE MARKED V8" ARE Y8 DIA.
FRONT PANEL LAYOUT (rRonT ViEw)

A\.L NOL!S EXCEDT THOSE MARKED 3/38" Anc Ya"o
TE |~ BEND OOWN ON DATTED LINE
CNﬂSSH LAYOUT (ToB view)

Panel and chassis dimentions.

Bottom view.

suggestions as to the proper method of wiring.
The only shielded lead is the one leading from
section B of switch Sw. 2 to the grid cap of the
tube 6C8G

The insm]]ation and operation of the radio-type
intercommunicators is the height of Slmpllm
The units are plugged into the / é
outlets near the places where they are to be in-
stalled . The volume control is turned full on and
the talk-listen switch is left in the listen position.
When either party wishes to talk, the switch is
thrown to the talk position and upon completlon
of a portion of the convers'mon, the switch is
thrown back to the listen position. The other unit
may now be thsown to the talk position and the
conversation continued.

List of Parts

One R.F. osaillator coil, L;
One AF. outpnt transformer,

One AF.
grid,

One Aerovox rcsxstor, 400 ohms. 1 W., R1;

One Aerovox resistor, 330 ohms, 30 W., R2;

One Aerovox resistor, 2,000 ohms, 1 W., R3;

One Aerovox resistor, 0.1-meg., 15-W., R4;

One Aerovox resistor, 1,000 ohms, 1 W., R5;

One Aerovox resistor, 3,000 ohms, ¥2-W., R6;

One Electrad volume control, 0.4-meg., R1;

One General Electric S.P.S.T. switch, Sw.1;

One 4 P.D.T. switch, Sw. 2;

One magnetic speaker, 4 ohms;

One Sprague dual electrolytic condenser, 8 mfi.,
200 V., C3;

One Cornell- Dubilier paper tubalar condenser, 0.1-
mf., 400 V., C1;

One \'(\)I:nr Ppaper tubular condenser,

14,000 to 4 ohms,

mput transformer, 4 ohms to tube

0.5-mf., 200

One Cornell-Dubilier dual electrolytic condenser,
S mif.. 25 V
One Ilammarlun(l trimmer condenser, single plate,

One Corncll Dubilier mica condenser, 500 mmf.,

Three (,ornel] Dubilier

mica condensers, 0.001-

One Cornell Duhlhcr mica condenser, 520 mmf.,

One qunel]-])uhlher mica condenser, 0.004-mf.,
One ICA chassis;

One cabinet to fit chassis;

One large pointer knob;

Two small pointer knobs;

One Raytheon type 6C8G tube, V1

One Raytheon type 12A7 tube, V2;

One ICA tube shield (for V1};

One 5-lug terminal strip, assorted nuts,

u bolts,
wire, sockets, etc.
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Rear View
Showing
Parts
Arrangement

While interphones have had their widest ac-
ceptance in commercial applications. there is a
far wider field which has been toucked but little
if at all.

Almost every home, except for small apart-
ments, might well install equipment of this sort.

Coil details
Right—
how the system

above.

works,

It can be used to communicate between the upper
and lower floors of houses, from living room
to kitchen in the large apartments, between house
and garage in country estates, and in a number
of other ways.

Even small business can use such equipment to
advantage, for transmitting messages between the
receptionist’s desk and the inner offices, between
sales counter and stock room, etc.

Schools, too, will find interphones invaluable,
for communicating between the executive office
and one or more of the class rooms, from a
workshop to a laboratory, and for similar uses.

In fact, there are, lncrally, hundreds of pur-
poses to which interphone is particularly well
adapted.

With this in mind, the experimenter may be-
rive profit as well as pleasure from his work with
this type of apparatus. Inexpensive to construct,
mtcrpimnc equipment has always commanded rea-
sonably high prices. If neatly and efficiently
made, it should sell readily to numerous places
which have not hitherto installed it merely be-
cause it has not been properly brought to their
attention.




The Much-Abused
Ballasts For A.C.-D.C. \

Radio Receivers

') THERMO-
d L STATIC
= SWITCH

“Why should there be over 100 types of A.C.-
D.C. ballasts?” is a question many technically-
inclined Service Men ask themselves.

The answer is, “there is no good reason.’
Every time a manufacturer designed a new A C.-
D.C. set the ballast supplier thought he would
get all the replacement business by changing the
number and specifications of the ballast so that
it could not be easily replaced. As a result many
ballasts of identical specifications have different
numbers—or different prong connections! Some
manufacturers have gone so far as to purposely
change the prong connections of the ballast so
that ballasts now on the market would short
across the line or short the line across the pilot
light resistors, and in that way burn out some
part of the ballast! This is something that
Service Men will have to look out for—and the
only way out is for them to be guided by a good

replacement chart.

If ordinary resistance wire is used in the
ballast, the amount of wire must be changed, de-
pending upon the number of tubes in the set.
This, therefore, would require approximately 10
different ‘“‘ballasts’’ using ordinary resistance wire
to take care of the variation in total tube volt-
ages.

It is really incorrect to call units usmg either
Nichrome or ordinary resistance wire ba]]asts"
A real ballast resistance is one whose resistance
changes very rapidly with small changes in cur-
rent.

If a real ballast resistance is used and the
sets wired uniformly, the number of ballasts re-
quired for C.-D.C. sets could be reduced to
practically one each for total filament voltages of
15 to 40 V.; 40 to 75 V.; and 75 to 105 V. The
resistance of the Amperlte automatically varies to
make up the variation in line voltages as well
as the variation in the number of tubes used. For

Glass
Type
Ballast
Tube.

example one such ballast can be used for any
set having a total tube filament voltage of 40 75

This practically takes care of most A.C.-D.C.
sets. As shown in Fig. 1A the voltage drop
across the Amperite itseli varies from 30.80 V.,
taking care of a variation of 50 V

Circuit details series A to D show the various
arrangements in pilot light combinations used in
most C.-D.C. sets.

By putting two pilot light resistances in the
ballast, as shown in series D, it could be used
for either 1 or 2 pilot lights, The same ballast
can of course be used without pilot lights. If
not used, the small pilot light resistances will
make no mate-ial difference in the circuit. The
same Amperite could therefore be used for (a)
none, (b) 1 o~ (c¢) 2 pilot lights and for a set
having a total filament voltage of 40-75

A series of octal-base ballasts are numbered
K42A, K42B, L45SA, ete. The A, B, C, or

refers to the wiring diagram of pilot lights as
shown in the series of diagram. The refers
to 0.150-A, pilot light and L to 0.250-A. pilot

light. Center number reiers to the voltage drop
across the ballast.

The Am%erite KL45 for example is designed as
shown at and will take care of either the A,
B, C, or D arrangement, and any set with a total
filament voltage drop between 40 to V. It
will therefore replace any octal-base ballast start-
ing with K or L, ending with A, V, C, or D and

< 0 A q
6V. 6V./6V 6Y 6
v [ | ] a
f \
Y (A ETOHI L/
a LML WL
0 - l.fEiJl.'._
',"'/'l ] | ] R0 ~
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. S | | | I
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77 S (Y A
i | [ I
0
o (o

Curves for various ballast tubes.
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SERIES-A-

SERIES-C:

Pilot lamp circuits,

SERIES-D-

having a center number of anything between 40
and
The unusual]y low resistance of the 6 V.

tubes

"N (connects 1o
| 2NO. DETECTOR OF
| ANY SUPERHETERODYNE)

REFERENCE ANNUAL

causes an unusual surge when the set is {irst
turned on. In order to eliminate this surge the
Amperite regulator (see photo) is equipped with
a patented starting resistance which allows only
approximately 70 V. on the set when it is first
turned on, and is automatically shorted out when
the tubes warm up. It is an ideal combination
since it starts the tube at a low voltage, takes
care of any voltage variation of the line from
90 to 135 V. and also takes care of variation in
the number of tubes in the set.

2 KL4S5 3 OCTAL BASE~D~

2 4P-45 1 4PRONG DASE-E-
l THECMOSTATIC SWJ

START:® BALLAST

RESISTOR

TYPE TYPE
AR45 K5

< ®
o5
BOTTOM VIEW
OF BASE OF BALLAST.
Circuit details for KL45 tube.

 (SHIELD CAN.

FOR COIL UNIT)

pi

Beat
Oscillator
For DX
Reception

*

332 25t q

Designed to enable the shortwave enthusiast
to receive, with his standard all-wave set, the
interesting code signals which are so numerous,
this beat-oscillator unit will assist also in locat-
ing weak DX broadcast and S.-W. stations; be-
cause it will bring out the carrier wave strongly
as an audio whistle, and thus afford apparent
sharper tuning.

Radio, as a means of point-to-point commumca-
tion, acpcnds on the production of a carrier wave
which is interrupted at intervals to give a tone;
but may be used to produce a steady note by
“beating’ it, with a locally-generated frequency,
to produce an audihle heterodyne or whistle. With
the old-fashioned regenerative sets, such reception
was easy to obtain by tuning the detector, in a
state of oscillation, a kilocycle (1,000 cyc]es) or
less off the received C.W. (contmuous wave)
signal,

This new unit, designed for attachment to later
sets, performs the same purpose when connected

ahead of the 2nd-detector of any modern super-
heterodyne. The connections are as simple as
tho:c of the older converters or ‘‘signal boost-
ers’; the adapter used is plugged into the socket
of a 6F7 output pentode, to draw current for
energizing a 6C5 tube used as a triode. The parts
shown can be mounted in, and shielded by, a
metal chassis only 43§ x 3 x 1 in. high; the
gridleak and condenser, mounted on the coil, are
covered by its shield. The shielded coupling lead
is bared for about 114 ins, at the end so that,
when placed alongside the control-grid lead of
the last I.F. stage in the set, it will couple-in the
local oscillation which it generates. The stronger
the signal, the closer should be the coupling, but
vice versa on weak signals; too much coupling
will cause the A.V.C. to take hold and reduce
receiver sensitivity. The unit is not furnished
complete—being an experimenter’s instrument-

but parts may he obtained, with the grid coil
tuned to 465 f‘('c., so that it will beat against the
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standard 1.F. signal; 300 to 500 cycles detuning
will give a good note. Trimmer condenser CJ
is adjusted with a screwdriver when necessary ;
the grid coil L2, tuned by condenser unit C2-C3
has a larger impedance—and higher D.C. resist-
ance than L1, (Since the instrument does not
radiate it cannot cause outside interierence.)

List of Parts

One General Electric oscillator coil. No. RlL.
207, L1, L2,

One General Electric carbon resistor. No. RR-
187, 30,000 ohms, »2W, RI,

One General Electric carbon resistor, No. RR-
050, 0.01-meg. ¥4 W, R2.

One General Electric Paper-dinlectric cond. No.
RC-040, 0.01.-mf. 400 V.. Cl.

One General Electric padding cond.. No. RC-
235, 100-mmf. C2

One General Electric trimmer cond.,, No. RC-
607, 35-mmf. max.,

One General Electric mica dialectric cond. No.
RC-258, 250-mmf., C4.

One General Electric mica dialectric cond. No.
RC-202, 4-mmf.. CS5.

One S.P.S.T. toggle switch, Sw.;

One General Electric coil shieid, No. RS-103;

One General Electric wafer-type socket, No RS-

200;
One RCA type 6C5 tube;
One adapter and cable assembly, No. 977MML.

R2y 3~ SHIELDED COUPLING
C5 <= LEAD, COUPLED YO °
FINAL 1.F STAGE

OF RECEIVER,

Wiring Diagram
of Handy

Beat

Oscillator




Complete amplifier,

It is almost impossible to satisfy everybody
with one particular amplifying system. Some
prefer low-pitched reproduction — others, high.

Then again the speakers as well as the acoustics
of various rooms are so different that some com-
pensation device must be used to obtain best re-
sults.

In any P.A. installation, it is of paramount im-
portance that the reproduction be free from peaks.
It is the peaks that tire the listener. A slightly
rising characteristic is not at all objectionable.
The best method to obtain this result is to start
off with a flat microphone and flat amplifier and
introduce compensation in the amplifier as re-
(nired.

In order to create the illusion of hearing the

original, not only must the frequency response
be wide enough but the sound must have its
original loudness. In movie and large hall in-

stallations, a signal louder than the original is
required; in small rooms a signal lower in \'olumc
than the original, With a lower signal it is
usually more desirable to increase the low-ire-
quency response in order to create the illustion of
the original. while with the louder signal it is
best to increase the higher frequencies.

A system which can introduce a_slightly ris-
ing characteristic is therefore immediately adapt-
able to practically any sound installation and can
please any taste,

Equalizing devices have been used for a num-
ber of ycars to compensate for the losses in
telephone lines. However, that type of equaliz-

Compensation
Of Amplifier
Response

and decrease in overall efficiency. Besides those
compensating devices tend to introduce distortion
of their own, due to transients. The latter become
very objectionable when the equalization amounts
to more than 15 db. per octave.

An inexpensive compensating circuit permits
gradual compensation of low and high frequencies
without any decrease in_efficiency, or the introduc-
tion of annoying transients. This circuit is used
in conjuncnon with a degenerative amplifier—the
latter permitting a larger amount of power with
a low per centage of harmonic distortion.

Standard parts are used throughout. All re-
sistors without watts ratings are 1W. Condensers
below 1 mi. should be paper, except those marked
mica. The push-pull input transformer is of the
split-secondary type and is obtainable in standard
makes. Positions M2 and M3 can be added if an
electronic mixer is needed—can be omitted if only
one input is required. The diagram shows the
various curves obtainable with the above com-
pensating device. Any of the 9 curves shown
can be obtained by adjusting the controls. For
example, a rising low- and high-frequency re-
sponse can be obtained as shown in curve AC.
Of if you refer you can obtain the curves AF,
AD, lf BC, BF or BD.

A complctc amphf:cr, with flat-response micro-
phone, is shown in the diagram,

It is quite evident that even the most exacting
person can be satisfied by a response following
one of the above 9 curves,

In addition to its primary use for public ad-
dress work, this amplifier may be use for record-
ing, phono playback, or even as the audio sec-
tion of a radio receiver.

The various curves which it affords make it a
true tone control, While a curve such as EF

ing system is not practical, due to its large cost would give excellent response for a speaking
Ot .0L-MF - 04 O.4-M DRIVER) 0.1-MF
ME 7 595 %EG‘/MF 6C5 g &SCS( (:AICA) 6'-6 10,000 ol
. 2 /oS M
e
) DM
5
A N out.
VW T
X E/
e
Of-WF
50,000-0O1M, LOW- (MICA)
FREQUENCY

.05-
MEG  50.000-
MF - OHM, HIGH
LQ""JS - FREQUENCY COMPENSATOR

'vv-

“7|” 50.000
OHMS,

8MF
(EACH) sow.

nstcL e

Complete circuit of compensatmz amplifier.
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voice, at low output it would not give music as
much *‘color” as might be desirable, in which
case it might be adjusted to produce a curve
such as AC, or_if that proved too *‘boomy”, EC,
or even BC. When highs are objectionable, as
they are under certain circumstances, they may
be reduced, as the curve at D indicates, Such
attenuation of the highs is sometimes desirable
in playback work, particularly if the record has
considerable surface noise or ‘“‘needle scratch.”

An amplifier as versatile as this one is provides
the greatest possible degree of satisfaction, for it
not only provides the most faithful reproduction,
but also enables the user to compensate for de-
fects in the original sound. poor transmission,
acoustice peculiarities of the room where the
installation is made, and even for the individual
taste of the listeners.
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Curves of amplifier.

The Radio-Craft Tube Tester

One ingenious idea that cut the cost of the
tester is the use of a plain aluminum panel. This
panel was carefully drilled as indicated in the
drawing, with a series of beveled !4 in. holes,
located at each indicator marking position of the
selector switches, Four pieces of white card-
poard 23 in. square with appropriate numbers
and letters carefully drawn with india ink pro-
vided the scale markings for the various test
positions. Transparent celluloid was used to cover
the scales for protection from dust and damage.

Every part of the tester can be obtained from
radio supply houses even to properly finished 2-
color scales for the meter. If it 18 desired to
make the scales for the meter in the lab. the
details as shown can be followed.

The first step in constructing the tester is to
lay out the panel very carefully for drilling. Cut
the panel to the proper size and center-punch all
holes as indicated, especially those holes used as
windows for the various identifying switch num-
bers and letters. Countersink these holes from
the top of the panel so that the minimum of
shadow will be cast on the letters by the side
walls of the holes.

Wire-in the interconnections between the vari-
ous switch taps before mounting the switches on
the panel. This applies to_the several sections
of Sw. 1, and Sw. 2, and Sw, 3.

After the switch wiring is finished and checked,
start mounting all of the parts on the aluminum
panel, including the indicator scales, The proper
placement of the parts can be checked from the
bottom view photograph and the mechanical draw-
ing. The electrical circuit drawing is so laid
out that all of the parts are in their proper
mechanical place as well as showing the electrical
connections. Test for panel shorts between alive
terminals and the insulated jacks with an ohm-
meter,

The 2 sections of the dual rheostat R1 are
connected in parallel when the tester is used on
110 V. A.C. lines.

Wire-in the 5 tube sockets as indicated to the
selector switches., Check each lead at least twice.

Wire-in the leads from the power transformer
to the filament and plate supply circuits following
the directions furnished with the particular trans-
former used.

Check all wiring again so that no connections
will be missed and if the final examination shows
that the tester has been wired properly then
proceed with the calibration which is very simple.

Take new tubes having different switch and
shunt setting and adjust the position of the shunt
knob on the 20-ohm rheostat, R5, so that the
meter pointer reads 40 on the scale, This is in
the GOOD area. Take a screwdriver and reset
the bar knob on RS, so that when the meter
pointer reads 40 on the scale the bar knob will be
pointing to the proper number as given in the
third or SHUNT SET, column on Table 1.

A new type 27 tube is a good starting tube.
Set the 2 selector switches to A (left-hand Selec-
tor Switch) and N (right-hand Selector Switch).
Vary the Shunt Control until the meter pointer
reads about 40. Note the position of the Shunt
Control bar knob. If it is at 91 no further
changes are necessary. If it is some place else
on the scale carefully reset the bar knob with-
out changing the position of the moving con-
tact arm to 91. Check with other tubes known
to be good of the same type and then check tubes
having different Shunt and Selector settings, If
the tubes are good they will give meter readings
of approximately 40 with the proper shunt set-
ting. Thus it will be noted that the hardest part
of calibrating is the proper setting of the shunt
control bar kmnob.

Note: After the calibration is set, notice the
relationship between the setting of the shunt rheo-
stat contact arm and the actual position of the
bar knob pointer, Rotate the knob (slowly) to
the left. Ordinarily, it is impossible to bring the
bar knob pointer to “O”. Do not try to force
the *“O” position as you will upset the calibra-
tion for tube testing, The instructions for resis-
tor and capacity testing call for a Q" setting of
the shunt control. This means a “O” setting of
the contact arm and not a *“O" set position of
the bar knob. When making “O" set adjust-
ment simply turn the bar knob as far to the
left as possible without forcing knob.

The R.C. Tube Tester.
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Rear view of tester.

It is very important that the following instruc-
tions be memor:zed and that the same procedure
be carried out every time u tube is tested.

First, turn all 4 selector switches to the blank
indicator positions at the bottom of the scales.
Connect the line cord to the A.C. circuit and the
tester is ready io work.

When making short and leakage tests he sure
that the tube sclector switches are at the “Off”
position. Turn the short test switch through the
various test positions at 2-3, 3-4, C2, etc. The
neon will glow brightiy when a short occurs at
any position of the switch. Iligh-resistance leaks
will be indicated by a dim glow of the necn.

Always make the short fest first. 1f the short
test is made after the tube has been hcated there
may be a glow from the neon for a short period
of time even though there is no leakage in the
tube. This false glow will rapidly disappear if
the tube is not lcaky.

Hot-cathode leakage tests car be made as fol-
lows. Set the Short Test switch to KI.. There
should be no indication oun the test meter if
there is no leakage. Any reading indicates leak-
age hetween heater and cathode.

After the short tests have been made and the
tube tests O.K. proceed to test the tube in the
following manner. Note allow ample time for the
tube to heat and set Line Voltage Control so that
the pointer on the A.C. meter is at the arrow.

(1) Turn the Short-Test Switch (Sw. 3) to the
“T” position.

(2) Adjust the Filament Selector Switch (Sw.
4) as indicated on the chart.

(3) Reset the Line-Voltage Control so that the
pointer is properly set at the arrow.

4) Ad)ust the Shunt Control, RS,
merical setting indicated on the ch.\rl

(5) DPermit the tube to heat and note reading
GOOD, or POOR.

Combination types of tubes with 2 sets of cle-
ments are tested individually as indicated in the
Reference Chart. The 2 sets of elements are
listed as A and

Rectifier Tubes are listed as (HW) half-wave
(FW) full-wave. Diode sections are listed as
(D). A reading beyond the line marked “Diodes”
“OK" indicates a good diode section.

In some cases one setting of the tube selector
switches is indicated. When this occurs the
second selector switch can be in any position with-
out affecting the test. However, it is best to
set the unused selector switch at the “blank”
position for such tests. This will help to avoid
confusion.

When making Shunt settings be careful not to
force the kuob as this will upset the calibration
of the instrument.

A type 84 tube is used for resistance and capa-
city measurements. This tube should be tested
before it is used and the meter reading should
be 40 when the shunt is set at 90. The Filament
Selector Switch setting for this tube is 7. Do
not use a tube that will not give a reading of
40. Do not touch the live ends of the test prods
as the voltage across them is more than 100 V.

Set the Short Test Switch to the *‘R2” posi-
tion and adjust the line voltage meter pointer to
the arrow on the dial scale.

Connect the test leads to the top-jacks and
short the opposite ends. Adjust the shunt until
the meter reads full-scale (50). If the meter will
not adjust to full-scale hy va |r\|ng the shunt, reset
the Line Voltage Control until it does.

to the nu-
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Wiring diagram of tube tester.

Connect the test leads to the resistor or circuit
to he measured and note the meter reading. Refer
to Fig. 3 and note the \‘\]ue of resistance. A
reading of 34 on curve “A" indicates a resistance
value of 13,000 ohms.

Resistors having a value greater than 50,000
ohms can be checked by setting the shunt to
“0'; read meter and refer to curve "“B” to de-
termine the resistance. Remember, Q" setting
of the Shunt control will not be the ()" setting
of the knob but will be the “O” setting of the
ccontact arm. Do not force the knob as it will
upset calibration of the instrument for tube test-
ing.

Circuits having a resistance greater than 1 meg.
and up to 10 megs. can be checked for con-

tinuity by setting the Short Test Switch on ~C”
and watching the neon tube. A faint glow will
be seen even though the resistance of the circuit
under test is 3 megs. or more.

L.eave the B84-type in the socket and set the
Short Testing Switch to " The Filament
\\\ltch wnll be set at 7, and the ‘Selector Switches
at "

A(lust the l.ine Voltage Control so that the
pointer is set at the arrow on the scale, Sct
the Shunt Control to “O" and connect the test
leads to the capacity under test. Electrolytic con-
densers can be measured but be sure that the
red lead or tip-jack connects to the positive side
ot the condenser.
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100,000 1000000
RESISTANCE IN OHMS (FOR'8")

CAPACITY IN MF, (FORA")
o

CAPACITY IN MF. (FOR "B")

Charts for using tube tester.

the Capacity Chart. Use scale “A” if the value
is less than 0.25-mf.  Capacitics greater than
G.25-mf. will cause the meter pointer to go off
scule. Reset the Shunt Control to 90 and check
meter reading with the “B” scale on the chart.
Very small values of capacity can be noted by
watching the neon lamp. A faint glow around
one of the lamp sections indicates a good con-
denser.  An open condenser will give no glow
at all and a shorted condenser will cause a bright
finsh and the meter pointer will go off scale.

List of Parts

Oue aluminum panel, 9 9/16 x 103§ x 1/16-in.;

QOue Dependable. 0-5 ma. Milliammeter, 534 in.
fan type, Ml ;

One Dependable 0-25 V. A.C. iron-vane type, M2;
Omne Dependable English-reading scale for M1;
One Dependable line-set scale for M2;

Ore Dependable 1-pole, 12-pos. selector, Sw. 4;

One

One
Onre
One
Onmne
One
Two
Two
One
One
Five

One
Six

One
One
One
One
Two

Dependable 3-pole. 12-posx. selector, Sw. 1,
Sw. 2;

Dependable 4-pole, 12-pos. selector, Sw. 3;
Dependable fil.-plate transformer, P.T.;
Llectrad 20-ohm wire-wound rheostat, R5;
Electrad 1,100-ohm dual rheostat, R1;

1 W, carbon resistor, 10.000 ohms, R3;

1 \W. carbon resistors., 20,000 ohms, R2, R8;
1 W, carbon resistors, 15,000 ohmns, R7, R9;
2 W. wire-wound resistor, 1,000 ohms, R4;
2 W. wire-wonnid resistor, 1.400 ohms, R6;

sockets :—one 4-prong; one 5-prong; one
6-prong; one octal; one 7-prong universal;
2-in, etched scale, marked 0-100, 270 deg.;

Allied Radio Corp. small bar knobs;

Allied Radio Corp. 8 ft. line cord and plug;
neon lamp;

universal insulated grid cup;

candelabra base for neon lamp;

insulated tip-jacks —1 Red, 1 DBlack.



CHAPTER 5

Recent New Tubes

Tlll§ crop of new tubes affords the experi-
menter an opportunity to try out many of his
pet cirenits,

In this chapter we present a rather complete
list of tubes together with their operating charac-
teristics,

6AB6G Dynamic-Coupled Power Tube.

Since the type 6B35 tube wasx developed early in
1935, many m:muf:lclnrers of anto-radio sets have
selected this unique tube for their higher priced
sets. The unique_ qualities of the “dynamic cou-
pling” which provide a high power sensitivity, vet
with lower harmonic distortion than unn\ul(nt
pentode types, added to the remote cut-off charace-
teristic, made it a popular one.

The new 6AB6G is a strictly class A tube and
as such, any of the high-resistance amplifiers
may be used to supply the input signal; a grid
1esistor of 1 meg. is permissible under any operat-
ing conditions. When used in push-pull, the plate
power can be reduced during pcnorls of no-
signal by connecting a self-bias resistor in the
cathode lead (80 ohms) to introduce a 5 V. bias.
This provides a semi-class AB operation in th\l
plate current is reduced- -but no driving power is
required for this service.

6AB6G Characteristics
Heater voltage 6.3 A.C.
Heater current 0.5-A.
Amplifier (Class A)
§|ng1¢ P;sh Pull

or D.C.

Harmonic distortion 10 per cent
Signal volts for rated power 53 g-g r.ms.

Push-pull values are for 2 tubes.

*Girid current does not flow during any part
of the input cycle.

**Common cathode resistor which is not by-
passed, If this resistor is adequately bypassed or
if a fixed bias of -3-\". is used, the class ADB
distortion is reduced nearly to that of the class
A push-pull.

The total resistance introduced into the grid
circuit by the input coupling device should not
exceed 1.0 meg.

The characteristics of the new 1-in. cathode-
ray tube, to be known as the type 913, ave listed
below.

913 Characteristics
Heater voltage (A.C. or D.C.)
Heater Current
Fluorescent Screen Material
Direct Interclectrode Capacity:
Control Electrode to all other
Electrodes
Deflecting Plate 11 to
Deflecting Plate 1)2
Deflecting Plate 1)
to Deflecting Plate D+
High-\oltage Electrode
(Anode No. 2) \°.
Focusing Electrode
(Anode No. 1) \. 125 max. V.
Control Electrode (Grid) V. Never positive

6.3 v
.0 AL
Phosphor No. 1

10.3 max. mmf.
3.55 max, mmf.
4.25 max. mmf.

500 max. Y.

Qutput plate (P2) 250 max. \". Grid Voltage for Current Cut- off 50 approx. \..
Input plate (P1) 250 250 max. V. Peak Voltage hetween Anode No. 2 R
Grid 0 0 A\ and any Deilecting Plate 250 max. V.
Plate current (P2) 34 68 ma. Fluorescent Screen Input .
Plate current (P1) 5 10 ma. Power /sq. cm. 5 max. milli-W.
Amplification factor 72 Typical Operation: .
Plate resistance 40.000 ohms Heater Voltage 6.3 6.3 \.
Mutnal conductance 1.80! mmbhos No. 2 Ancode Voltage 250 500 V.
Load resistance 8,000 10,000 p-p ohms No. 1 Anode Voltage 45 90 V.
Power output 3. 8 W, Grid Voltage
Harmonic distortion 10 6.5 per cent Adjusted to give suitable luminous spot
Signal volts for rated Deflection Sensitivity
power 18 42 g-g r.m.s, 1!’1 ates I and 1)2 15 .07 mm per \'ollt }).C.
. ’l: E »o21 . er volt D.C.
Push-Pull Amplifier (Class AB)* It 1P Ay L X L0 G (I S ¢
Output plate (1'2) 243 max. V. 6AC6G Dynamic-Coupled Tube
Input plate (P1) 245 max. V. Like the 6\]!6(7. the new 6AC6(G, also de-
Self-bias resistor** 80 ohms veloped by I'riad, is a twin-triode tube, dynamic-
Zero-signal plate current (P2) 50 ma. ally-coupled within the envelope of the tube it-
Full-signal plate current (P2) 68 ma. self, This tube is similar to the well-known
Zero-signal plate current (P1) 8 ma. 6B5, but is designed for those small A.C. sets
Full-signal plate current (P1) 17 ma. which operate with a low plate voltage (less than
oad resistance 10,000 p-p ohms 180 V.) in conjunction with a series speaker
Power output 8 W, ficld.
P D o
G
H
77 H
6T7G <k
ANOOE ANODE
Ne2 “NeL
K2 KL
N ’
320

1, Socket connections.

Notice the complicated construction.

51

adio History




52 1938 RADIO REFERENCE ANNUAL

It is expected that a field of 700 to 800 ohms
will be used as the filter choke, which will give
both ample plate supply filtering and ample field
power. A single tube used in this way will pro-
vide 4 W. of audio power at 10 per cent over-
all harmonic distortion,

There will be no difficulty in providing suffi-
cient input signal to the grid of the 6}\C6(g. if the
type 75 or 6Q7 voltage amplifier is operated with
a plate voltage of 180. The resistance of the
grid circuit may be as high as 1 meg. which
is of importance in resistance-coupled A.F. sys-
tems. In some cases, the over-all sensitivity wn]l
be greater than in systems uqmg a more sensi-
tive output tube which requires a lower value
grid resistance, and thus reduces the gain of the
preceding stage.

When used in push-pull the 6AG6G will pro-
duce 9.5 W. of audio power at a total harmonic
distortion of 10 per cent. When necessary to
minimize plate current, a bias of 50 ohms which
reduces the total plate current to 70 ma. at no-
signal. may be used.

6HS Tuning Indicator. The 6HS5 differs from
the 6G5 and 6E5 tuning indicator tubes in the
addition of a current-limiting grid around that
portion of the cathode which furnishes c¢mission
for the target current,

The A.V.C. voltage required to
shadow from 90 deg. to 0 deg. is 22 V. Where
the A.V.C. voltage in the receiver reaches hlgher
values than 22 V., a voltage dividing system is
necessary to limit the bias applied to the 6HS.

6T7G Duo-Diode High-Mu Triode. This is a
new tube having a filament current of only 0.15-A.
The tube has characteristics very similar to the
6Q7G. The triode section opemted with a plate
voltage of 250 and a plate load resistor of 0.1- to
0.25- mieg. should have a negative bias of 2.5 V.
on the grid.

6V6G Beam-Power Amplifier. The 6V6G is a
heam-power amplifier similar in design features to
the 61.6(:. but having a high power sensitivity,
high power output. and low percentage of third
and higher order harmonics.

The 6V6(G should prove very desirable where
hc.xter and plate current must be maintained at
A minimum. The heater current of 0.45-A. is
rather low for a power tube having the power
capahilities of the type 6V6G.

6V6G Characteristics

Class AB1 amplifier (push-pull)
Values are for 2 tubes

change the

Ileater voltage 6.3 6.3\
Plate voltage 250  300°V.
Screen-grid voltage 250 lo0°v.

Total plate and screen-
grid dissipation (per

tube) . 12.5\W.max.
Control-grid voltage* -15 20 V.
Peak input signal (grid

to grid) )| 28.2V.apprx.
Plate current (zero

signal) 70 7& ma.
Plate current (max.

signal) 79 90 mna.
Screen-grid current (zero

signal) 5 5 ma.
Screen-grid current

(max. signal) 12. 3.5 ma.
l.oad Resistance (plate

to plate) 10,000 R.000 ohms
Total harmonic

distortion 4 per cent
3rd harmonic 3.5 3.5 per cent
Power output 8.5 13,5\,

°Maximum. “1” used in conjunction with the
terms class A and class AB indicates that no

grid current flows during any part of the input
cycle,

*Transformer and lmped'mce coupling devices
are recommended and the resistance introduced
in the control-grid circuit should be kept as low
as possible. For fixed bias this resistance should
not exceed 50.000 ohms. The maximum con-
trol-grid resistance when self-bias is ¢mployed may
be 0.5-meg.

The self-bias resistor should be shunted with
a suitable filter network to reduce degeneration.

25A7G Pentode - Rectifier Tube. This tube
combines the functions of power amplification and
rectification within one envelope. A pentode
power-output section similar to the type 43 and a
half-wave rectifier—somewhat similar to the
12Z3——compose the internal elements.

Designed for small A.C.-D.C. receivers where
space s at a premium, this combination tube will
produce a power output of 0.77-W. with about
9 per cent distortion and will supply a voltage
for the speaker field and the plate supply at a
maximum current of 75 ma.

25A7G Characteristics

Ieater voltage
Heater current
Operating Conditions

Pcmode Se.cnon
Plate 00\

Screen-grid (grid No. 2) 100\.
Control-grid (grid No. 1) -15 V.
(Grid No. 3 tied to cathode

within tube)
Plate current 20.5 ma
Screen-grid current 4 ma

Amplification factor 90
Plate resistance 50,000 ohms
Mutual conductance 1,800 mmhos
Load resistance 4.500 ohms
Total harmonic distortion 9 per cent
Power output 770 milliwatts
Rectifier Section
125 max.
75 max. ma.

A.C. plate voltage (r.m..)
D.C. output current

25L6 Metal Beam Power Amplifier. The de-
sign of the 25016 is similar to that of the 6L6
with the difference that the 25L6 is intended for
use in the output stage of transformerless receiv-
ers operating from a 115 V. power line, either
A.C. or D.C. According to the data received
from RCA, this tube has high sensitivity, high
efficiency and high power output. \With 110 V.
on the plate and screen-grid, the 251.6 is capable
of giving an output of 2.2 W. with a maximum
signal input of only 5.3 V, rm.s.

25L6 Characteristics

Heater voltage 25.0 V.
I"late voltage 110 max. V
Screen-grid voltage 110 max. V.
Control-grid voltage LAY
Zero-signal plate cur. 45 ma
Max.-signal plate cur. 48 ma.
Zero-signal screen-grid cur. 3.5 ma
Max.-Signal screen-grid cur. 10.5 ma.
Signal input voltage 5.65 V. r.m.s.
Plate resist. (Approx.) 10.000 ohms
Transconduciance 8,000 mmhos
Load resistance 2,000 ohms
Distortion: Total harmonic 1.5 per cent
Power output 22

2525 Improved Rectifier. One rado tube com-
pany® has just released an improved type of 25Z5
rectifier tube which reduces to a minimum the
possibility of flash-overs, open cathode tabs, slow
heating, shorts and filament burnouts. These im-
provements should remove some of the head-
aches which dealers and Servicc Men have en-
countered with this type of tube.

920 Twin Phototube. This new tuhe announced
by the RCA Manufacturing Co. is a gaseous-
type photoclectric cell containing 2 separate photo-
cells in one glass envelope. It is designed pri-
marily for use with double-soundtrack film in a
system of sound reproduction having a high
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signal-to-noise ratio. In this system the light on
one unit of the 920 varies from zero to maximum
in accordance with the positive half-cycles of the
signal recorded on one sound track.  The light
on the other unit varies from zero to maximum
with the negative half-cycles recorded on the other
sound track. The outputs of the 2 phototube ele-
ments are combined to give a full-wave signal
current.

1603 Triple-Grid Detector-Amplifier. This tube
is designed for preamplifier equipment which is
critical as to noise and microphonics. As a pen-
tode, the 1603 is capable of delivering a large
A.F. output voltage with relatively low input
voltage. As a triode (that is, with the grids tied
together) the tube has a high mutual conductance
together with a comparatively high amplification
factor. The tube is constructed with an internal
shield connected to the cathode.

1603 Characteristics

Heater voltage (A.C. or D.C.) 6.3V.
Ileater current 0.3-A.
As class A amplifier pentode
Plate voltage 10 250 max. V.
Screen-grid voltage

(grid No. 2) 100 100 max. V.

D.C. grid voltagc
(grid No. 1)**
Suppressor (grid No. 3)
Amplification factor

Plate resistance

-3 -3
tied to cathode at socket
1,185 greater than 1,500
1.0 Greater than 1.5 megs.

Mutual conductance 1,185 1.225 mmlios
Plate current 2 2 ma.
Screen-grid current 0.5- 0.5- ma.

As class A amplifier triode*
Plate voltage

D.C. grid voltage 180 250 max. V.

Amplification factor -5.3 -8V,
(approx.) 20 20

Plate resistance 11,000 10,500 ohms

Mutual conductance 1,800 1,900 mmhos

I'late current 5.3 6.5 ma.
*D.C. guid voltage is -7 V. for cathode current
cutoff.

ULTRA HIGH-FREQUENCY OSCILLATOR

The 316A 0.4-Meter Transmitting Tube. The
radio amateur and experimenter in ultra-high fre.
quency equipment will be interested in the new

type 316A tube which provides approxi-
mately 7.5 W. output at frequencies up to 750
megacycles (about 0.4-meter).

The tube is a direct-filament triode made with-
out a base, to eliminate the capacity and losses
associated with the insulation and parallel prongs
at the very high frequencies. For correct oscilla-
tion at the upper frequency limit of the tube it is
necessary to provide tuning in the filament to
ground circuit. The use of adjustable concentric
lines of approx. }4-wavelength is probably the
most satisfactory arrangement. The grid and
plate leads should also be connected at node points,
if possible,

316A Characteristics

6.5
2,700 ohms
2,400 micromhos

Amplification factor
Plate resistance =
Grid-to-plate transconductance..

Average Direct Interlectrode Capacities

Plate-to-grid 1.6 mmf.
Grid-to-filament 1.2 mmf{.
Plate-to-filament ... 0.8 mmf,

Maximum Ratings

Max. direct plate voltage 450 V.
Max. direct plate current 80 ma.
Max. direct grid current 12 ma.
Max. plate dissipation ... 30 W

Maximum plate voltage may be used at any fre-
quency if maximum plate dissipation is not ex-
ceeded.

R.F. Oscillator or Amplifier—Unmodulated

Max. direct plate voltage .. 450 V.
Max. direct plate current 80 ma.
Max. direct grid current 12 ma.
Nominal power output

at 500 mc. 7.5 W.

Grid bias or leak should be ad)ustcd to optimum
value for the particular tube.

R. F. Oscillator or Amplifier—Plate Modulated

Max. direct plate voltage . 400 V.
Max. direct plate current . 80 ma.
Max. direct grid current 12 ma.
Nominal carrier power

at 500 Me. i 6.5 W.

Grid bias or leak should be adjusted to optiminn
value for the particular tube.

VARIABLE-MU ACORN PENTODE

The 956 Acorn. A tiny tube of partlcular in-
terest to the short-wave radio man is the new
acorn tube just released by RCA. This tube,
known as the 956, is a companion tube to the
954 pentode, hdvmg similar heater characteristics
and physical size, but having variable-mu char-
acteristics. This variable mu_characteristic makes
the tube very effective in reducing cross-talk and
modulation distortion. The tube may be used as
an R.F. and L. F. amplifier, or as a mixer in re-
ceivers operating at wavelength as low as 0.7-
meter !

956 Characteristics

Heater Voltage
(A. C_or D. C) 6.3 V.

Heater Current 0.15 A,

Plate Voltage 250 max. V.

Screen-grid Voltage 100 max. V.

Control-grid Voltage

(Minimum) -3 V.

Suppressor-grid Connected to Cathode at
socket

Plate Current 5.5 ma.

Screen-grid Current 1.8 ma.

Plate Resistance 0.8 Meg.

Amplification Factor 1,440

Mutual Conductance 1,800 Micromhos

Mutual Conductance

(At -45 V. bias) 2 Micromhos
Grid-Plate Capacity

(with_ shield-baffle) 0.007 max. mmf.
Input Capacity 2.7 mmf.
Output (? pacity 3.5 mmi,

NEW NON-DISTORTING OSCILLOSCOPE
TUBE

The 34-XH Oscilloscope Tube. By means of
several changes in the design and construction of
their 3-in. type 34-XH tube the Allen B. Dumont
Labs. has bheen able to effect two outstanding
changes in the characteristics.

First, the addition of a corrector_electrode, tied
mtcrnally to the gun and changes in the shape of
the gun itself combine to eliminate the “edge dis-
tortion’’ prcvalcnt, up to this time, in all 3-in,
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from time to time,
and it is manifestly impossible for any-
thing save a monthly or weekly periodical
to keep abreast of current developments.

Readers who are interested in this phase
of radio should by all means become
regular readers of some technical or trade
publication which feature this type of in-
formanon Incidentally, R. ). Washburn,
mmlgmg editor of Radio-Craft Magazine,
is an anthority on the subject. .lml his
artieles, “The Month’s New Tubes™ ap-
pear regulur]\ in that publication.

Trends in  tube (lcsugn have been
marked, from time to time. Shortly after
the 5-volt tubes made their appearance,
there was a trend toward reducing  fili-
ment current, followed by a trend toward
multiple elements and, snbsequently, to
highly developed  special  purpuse  tubes.
More recently came the metal tube trend,
and a development of this is scen in the
octal-base glass tubes, with standardized
elements and cn\'clopes. which at least one
manufacturer is producing.

What the next trend will be can be
learned only by keeping abreast of en-
gineering work. through reading various
technical radio publications.

New tubes appear

tubes.  The corrector clectrode (a new term in
oscilloseopy) is placed at the end of the deflector
plates and serves to step up the speed of the
cathode stream to the speed at the end of the
gun, thus eliminating the retarding aetion of the
deflectors.

Second, the correction of the image has also
permxlled incre: nlng the sensitivity of the tube to
Just twice the sensitivity of previous types!

The combination of these two impm\gmunts
has resulted in a vastly improved tube in the
popular 3-in. size.

0Z4G Full-Wave Gas - Filled Rectifier (Ionic-
Heated-Cathode Type). The 0Z4G wus developed
primarily for use in vibrator-type “B” supply
units for automobile receivers, according to the
Raytheon Production Corp. from which the char-
acteristics  were  obtained.  This tnbe has  the
typical characteristics of all gascous rectifiers (old-
timers will remember the BH and BA rectifiers
of this type) as regards a constant internal volt-
age drop and ability to handle peak currents. In
common with the older types of ionic-heated gas-
filled tubes, the 0Z4(: has a tendency to generate
R.F. noise. This R.F. interference can be elim-
inated by proper filtering and by connecting the
metal shell to the point giving the best shielding.
The shielding and  filtering commonly used to
eliminate vibrator noise will usually be sufficient.

This tube is available hoth in glass and metal
types, both having octal bases. In the metal type,
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the metal shell serves chiefly as a container and
electrostatic shield for the glass bulb which is re-
quired to insulate the contained gas from the
grounded shell,

0Z4G Characteristics

D.C. voltage output
D.C. output current

300 max. V.
30 mn. ma.
753 max. ma.

200 max. ma.
300 min. V.
24 avg. V.

(peak)

5U4G Rectifier Tube. This rectifier. according
to a bulletin from Raytheon Production Corp.,
has similar characteristics to the glass rectifier——
type 37Z3. It is equipped with an octal base
though, instead of the older type.

6A8, 6L7 and 6K7 Isolantite Grid Caps. Also
received from Raytheon is news that the 3 types
of tubes mentioned here are now fitted with
isolantite insulation between the metal shell and
the grid cap. This reduces R.F. losses at high
frequencies, where the insulation resistance of
most insulating materials falls off badly. The
gain in short-wave and the high-frequency bands
of all-wave receivers is definitely improved, ac-
cording to the engineering report.

AMPLIFIER

6C8G (Glass) Twin Triode Voltage Amplifier.
The triode units of this tube are independent of
cach other as the clements of this triode are
brought out to separate prongs. Designed for
service as a voltage amplifier or phasc inverter.
The voltage between heater and cathode shounld

Peak plate current
Starting voltage .
Voltage drop (dynamic)

be kept as low as possible for they are not di-
rectly connected.  Both triodes have been de-
signed to match each other closely making it

possible to build an inexpensive high-quality push-

pull 'mdm output system. The mechanical de-
sign is illustrated in Fig. 2.

Ratings
Heater voltage (A.C.or D.C)) 6. "5 V.
Heater current \.

Max. plate voltage 250\
Direct Interelectrode Capacities
Triode 1. Triode R
(triode R to (triode 1. to
ciathode! cathode)
Grid-to-plate 38 2.4 mmf.
Input 3.4 2.5 mmf.
Output 3.5 3.9 mmf.
Grid-to-grid 0.1
Plate-to-plate 1.5
Amplifier—Class A—Each Triodz
Plate voltage 250 A\
Grid bias 4.3 V.
Amplification factor 38
Plate resistance 26.000 ohms
Transconductance 1.450 micromhos
Plate current 31 ma.

(" zero GRID  AREA 220N
LUMINGLS.
(MIN. SIBNAL) ! ST 12-D BsuLs
(ONLY A SMALL TR
" ANNULAR @ — 35
Q PATTERN OR 18
RING REMAINS | T
IN NEITHER 13{6
N | CASE IS THERE
(‘;AAg GRID A“SECTOR") | 4— 3
® 665/6HS (mar SonaLy STRAIGHT-SIDE BULB

(SHADOW REP-
RESENTED BY
CROSS-HATCHING )

4%z

3%~

Fig. 2, Base connections and bulb styles.
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Phase Inverter
Plate supply voltage 250 250 V.
Control-grid bias -3 -3 V.
Plate current (per plate) 1.7 1 ma.

Plate resistor (per plate) 0.05- 0.1-megohm
Cirid resistor (following

tubes) 0.1- 0.5-megohm
\l.\xlmnm output voltage

ran.s. (G to G) 60 80 A\
Cznhmle resistor 900 1,500 ohms

(common to both triodes)

RECTIFIER

6WS5G (Glass) Rectifier for Car-Radio Sets.
This tube is interchangeable with the type 6X5
and 6X5¢(;, where higher output is desired. The
tube was desxgned primarily for service in car-
radio receivers and may be used in either vi-
brator type or A.C. operated power supplies.

Full-Wave Rectifier—
Condenser-or Choke-Input Filter
Heater voltage (A.C. or D.C.) 6.3 \.
Ieater current 0.9 A.

Max. A.C. voltage per plate (r.m.s.) 350 V.,
Max. D.C. output current 100 ma,
Max. D.C. voltage between hcater and

cathode 500 V.

TUNING INDICATORS

6G5/6H5 Remote Cutoff Tuning Indicator.
This is an improved type of tuning indicator in-
terchangeable with the old 6G5. This tube affords
“almost unbelicvably better and more uniform
illumination”” with both high- and low-voltage
supplies than its predecessor, states one manu-
facturer. The most noticeable improvemnent is
that it maintains constant current throughoul 1<
normal life and has no tendency to “run away.

6T5 Annular Pattern Tuning Indicator. In-
stead of “opening” like a fan. the “eye’ of this
new tube fills the area uniformly as shown in
Fig. 2. This tube has operating conditions similar
to thosc for the 250 V. rating of the type 6G5.

The lighted portion covers only a very narrow
region at the periphery of the target when no
voltage is applied to the control-grid of the tube.
\When negative voltage is applied to the control-

grid the width of the fluorescent ring increases
until it covers practically all of the target.
Changes in annular width, or diameter of the
shaded ~ccllon, arc more readily detected than are
changes in the shaded angular sector when the
type 6G3 is employed.

In actual circuit use the varying negative volt-
age for comrollmg the shadow may be obt.nnul
from some pojnt in the A.V.C. eircuit, thus giv-
ing an indication of resonance “hcn the unlighted
portion of the target is at a minimum,

Type 6T5 is mounted in a T-9 ])ulh on a stand-
ard small 6-pin base. The tube is not designed
for 100-volt operation.

Characteristics

Ileater voltage A.C. or D.C. 6.3 V.
ITeater current 0.3-A.

Operating Conditions and Characteristics

Heater voltage 6.3 V.
Plate supply voliage 250 V.
Target supply voltuge 250 V.

0.24-ma., max.
3.0 ma., approx.

Plate current (triode unit)*

Target current
Control-grid voltage (triode

unit)i . 0.0V.
Control-grid voltage (triode
nnit) i1 2220 V.

Triode platc resistor 1.0 Megohm
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*\WVith triode grid voltage of zero volts.
1 For minimuin illumination of target.
$iFor maximumn illumination of target.

SPECIAL SERVICE

2-RA-6 Mercury Rectifier Charger Bulb. This
is the first in « new line of rectifier tubes be-
ing produced by a well-known manufacturer of
clectronie devieces.  The tube. illustrated in Fig.
C, is interchangeable with other bhulbs of the
same rating, despite the faet that it incorporates
many radical developments.

Chief among these is 1hc new and different type
of filament, of non-sagging construction, which
has been dc\lgnul along the lines of those used
in industrial tubes where a life expectancy of
5.000 to 10,000 hours must be had; the life of
the 2-RA-6 in practical service considerably ex-
cecds its factory rating of 2,000 operating hours.

The universal type of cap connection permits
the use of a fahnestock clip. Buse connection is
welded-on. Designed for use in battery chargers

or any other device where rectified altermating
current is desired.
Characteristics
Filament voltage 2 V.
Filament current 13 A.
Output 6 AL
Inverse peak voltage 300 V.

WL-461 Ultra-H.F. Therapy and Radio Oscilla-
tor-Amplifier. Some of the main fields of appli-
cation in which this new tube will he used, due
to _ils unique characteristics, are for lh(mp\,
radio, and such other purposes as may require an
ultra-high frequency oscillator and amplifier.

In therapy work. in particular, it will permit
higher powcer output to be obtained at the shorter
wave lengths than his heretofore been conveni-
ently possible. It can be used equally well in
ultra-high frequency radio transmitters, wherever

j-element radio frequency amplifying tube of its
teristics 18 required.

. This tube has a plate dissipation of 160 W. and
is capable of delivering 400 \W. of useful power
up to 50 megacyceles.

The simplification of the internal supporting
structure has also made it possible to reduce the
size of the tube to the point where only a mini-
mun amount of space need be reserved for it

Ratings
Max. D.C. plate voltage 2.000 V.
Max. A.C. plate voltage 2.500 V.
Muax. plate current 250 ma.
Filament voltage 3\,
I*ilament current 11.5 AL
AMPLIFIERS

6V6 Unipotential-Cathode Tetrode
Power Amplifier.

The 6V6 and 6V6G (the latter is deseribed else-
where in this chapter) tubes were designed by
oue company primarily for use in the outpnt
stage of auto-radio receivers. Doth have similar
charaeteristics, the chief advantages ])emg (1) use
of the beam principle introduced first in the 6L6
amd (2) a rcdatively low heater drain of only
450 milliamperes.  Its features permit high output
power to be realized in the automobile- type radio
receiver without any appreciable increase in the
drain _from the storage battery. In fact. some
m.mufdcmren of deluxe anto sets are using two
6V6G tubes in push-pull in the output stage of
their receivers.

The 6V6 is similar to the 6F6 in size (and
the 6V6(G compares with the 6F6G and 42 in
siz¢ and general appearance).

6]5 Detector and Amplifier Triode. Except for
its higher transconductance this tube is similar
to the type 6C5 tube. More detailed data follow.
See Fig. 31.

World Radio Histol
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The 6J5 is a new addition to the line of metal
receiving tubes. This new tube, a detector-am-
plifier triode, has an exceptionally high value of
transconductance — 2,600 micromhos. The other
characteristics of the tube are similar to those
of the 6C5. Because of the high transconduct-
ance of the 6J5, the tube makes an excellent os-
cillator for superheterodyne receivers. The high
transconductance also gives the tube advantages
for use as the frequency-control tube in A.F.C.
circuits.

Characteristics

Heater voltage (A.C. or D.C.)

Heater current

Direct interelectrode capacities*
(approx.)——grid-plate 3.4
grid-cathode 3.4 mmfi.
plate-cathode 3.6
*With shell connected to cathode.

As Class A! Amplifier

Plate voltage (max.)

Control-grid voltage -8V

6.3 V.
0.3-A.

Plate current 9 ma.
Plate resistance 7.700 ohms
Aniplification factor 20

Transconductance 2,600 mmhos.

Screen-grid voltage 135 V.
Control-grid bias 2135 V.
Transconductance 7,000 mmhos.
No-signal plate current 58 ma.
Max.-signal plate current 60 ma.
No-signal screen-grid current 3 ma.
Load resistance 2,000 ohms.
Power output 3.6 W.
2nd-harmonic 2.5%
3rd-harmonic 9%

6V6G (glass) Unipotential-cathode Tetrode
Power Amplifier. Transformer or impedance in-
put are recommended for use with this tube. If
resistance-capacity coupling is used the D.C. re-
sistance in the control-grid circuit must not ex-
ceed 0.5-meg. with self-bias. or 0.1-meg. with
fixed-bias. Note that the voltage between heater
and cathode should be kept as low as possible. A

direct connection is recommended. See Fig. 3D.
Characteristics
Heater voltage 6.3 V.
Ileater current 0.45-A.
Plate voltage (max.) 300 V.
Screen-grid voltage (max.) 300 V.
Plate and screen-grid dissipation
(total) 12.5 W,

Fig. 3 Connections for 6 new tubes.

6Y6G Heater-Type Tetrode Power Amplifier.
The usual A.C. radio receiver operates with fairly
high plate voltages. The receivers
operate at considerably lower voltages. The re-
cent introduction of 2 tubes, the 25B6G and
25L6, for A.C.-D.C. receivers has made pos-
sible receivers giving approximately 2 W. out-
put at about the same cost as the previous A.C.-
D.C. receivers which gave about 0.9-W. output.

The 2 W. A.C.-D.C. receivers are thus giving
about the same performance as the small A.C.
receivers using a 42-type output tube with about
220 V. available for plate and bias voltages. It
would be necessary, using conventional tubes, to
increase the cost of the small A.C. receivers
considerably to make them give appreciably bet-
ter performance than the 2 W. output A.C.-D.C.
receivers,

The performance of the small A.C. receivers
may be improved in economy as well as power
output by using an output tube similar to the
25B6G or 25L6 at lower voltages and larger cur-
rents than would be the case with the 42-type out-
put tube .

The 6Y6G tube is being introduced to fill the
need for an output tube which will give even
more output at 135 V. on the plate and screen-
grid than the type 42 with 250 V. on plate and
screen-grid. The high mutual conductance of the
6Y6G results in a fairly low input voltage re-
quirement for full power output, and permits some
degceneration to be used where desired. See I"ig.
3 C.

Characteristics
Heater voltage (A.C. or D.C.) 6.3 V.
Heater current UotdS 73
Plate voltage (max.) 135 V.
Screen-grid voltage (max.) 135 V.
As Class A' Amplifier
Plate voltage 135 V.

Control-grid voltage -125 V.
Amplification factor 218
Plate resistance 52,000 ohms

Mutual conductance 4,100
Plate current 45 ma.
Screen-grid current 4.5 ma.

Operating Conditions, Class A Amplifier

Plate voltage 250 V.
Screen-grid voltage 250 V.
Control-grid voltage -125 V.
Peak signal 12,5 V.
Plate current (no signal) 45 ma.
Plate current (max. signal) 47 ma.
Screen-grid current (no signal) 4.5 ma.
Screen-grid current (max. signal) 6.5 ma.
Load resistance 5,000 ohms
Power output 4.25 W.
2nd-harmonic 4.5%
3rd-harmonic 3.5%
Operating Conditions, Class AB (2 tubes)

Plate voltage 250 300 V.
Screen-grid voltage 250 300 V.
Control-grid (see item in text con-

cerning input systems) -15 20 V.
Peak signal (grid-to-grid) 3 40 pk. V.
Plate currént (no signal) 70 78 ma.
Plate current (max. signal) 79 90 ma.
Screen-grid current (no

signal) 5 5 Ma.
Screen-grid current (max.

signal) 12 13.5 ma.
lLoad resistance (plate-to-

plate) 10,000 8.000 ohms
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Power output 8.5 13 W.
3rd-harmonic 35 3.5%
Total harmonic 4 4%

1G5G Low-Plate Voltage Power Output Pen-
tode. This tube is designed especially for opera-
tion from a 90 V. “B" supply and will be used
mainly in battery receivers, particularly where
current limitations are a factor.

Resistance coupling may be employed and the
rated output obtained under _class A operation.
Larger power output 18 available by employing

2 tubes in push-pull service. (See Fig. 3E)

Characteristics

Filament voltage 2V.
Filament current 0.12-A.
Over-all length (max.) 4 11/16 ins.
Diameter (max.) 113/16 ins.
Bulb ST-14
Base Medium G Type Octal No. 6-X

Operating Conditions and Characteristics
Filament voltage 2.V.
Filament current 0.12-A.
Screen-grid voltage 90.V. max.
Plate voltage 90 V. max.
Control-grid voltage 6 V.
Plate current 8.5 ma.
Screen-grid current 2.7 ma.
Plate resistance 0.135-meg.

Mutunal conductance 1,500 mmbhos
Amplification factor 200
Load resistance 8,500 ohms
Power output 300 mw.
Total harmonic distortion 9%

25L6G (Glass) Beam Power Tube. This tube
has electrical characteristics that are identical to
those of its metal counterpart the 25L6 described
in the April, 1937, issue of Radio-Craft, How-
ever unlike the 25L6 which uses beam deflector

plates the newer tube incorporates suppressor
grids. See Fig. 3F.)

5-METER “BEAM” TRANSMITTING TUBE

The 807 5-meter Transmitting Tube. The beam-
type power tube which has raised such a furor
in the audio amplifier and radio receiver circles
has now invaded the short-wave transmitting field
in the form of an R.F. power amplifier tube hav-
ing ceramic hase, top cap for low interelectrode
capacity, and improved shielding to minimize the
need for neutralization.

This tube, known as the 807 in the RCA line
has a maximum plate dissipation of 21 W. and
high power sensitivity. The latter characteristic
makes it especially suited for usc as a crystal os-
cillator, frequency doubler or buffer amplifier.
Two 807s in class for C.W. operation, will
provide more than 50 W. output. The tube can
be driven at the maximum ratings listed below
on frequencies up to 60 mcs. (5 meters, approx.).

807 Characteristics

1leater voltage
(A.C. or D.C)) 6.3 V.

Heater current 0.9 A.
Mutual Conductance, for

plate cur. of 72 ma. 6,000 Micromhos
Direct Interelcctrode Capacities :
Grid-Plate (with external
shielding.) 0.2 max. mmf
Input 11.6 mmf.
Output 5.6 mmf.

A.F. Power Amplifier and Modulator—Class AB
D.C. plate voltage 400 max. V.
D.C. screen-grid voltage 300 max. V.

Max.-signal D.C. plate current® 100 max. ma.
Max.-signal D.C. plate input®* 40 max. W.
Plate dissipation® 21 max. W.
Screen-grid dissipation® 3.5 max. W.

*Averaged over any A.F. cycle
R.F. Power Amplifier—Class B Telephony

(Carrier conditions per tube for use with a max.
modulation factor of 1.0)

D.C. plate voltage 400 max. V.
D.C. screen-grid voltage 300 max. V.
D.C. plate current 80 max. ma.
Plate input 32 max. W.
Plate dissipation 21 max. W.
Screen-grid dissipation 2 max. W.

Plate-Modulated R.F. Power Amplifier—
Class C Telephony

(Carrier conditions per tube for use with a max.
modulation factor of 1.0}

D.C. plate voltage 325 max. V.

D.C. screen-grid voltage 250 max. V.

D.C. control-grid voltage .200 max. V.

D.C. plate current 83 max. ma.

D.C. control-grid current S max. ma.

Plate input 27 max. W.
Plate dissipation 14 max. W.
Screen-grid dissipation 2 max. W,

R.F. Power Amplifier and Oscillator—
Class C Telegraphy

Key-down conditions _per tube without
modulation**

D.C. plate voltage 400 max. V.
D.C. screen-grid voltage 300 max. V.
D.C. control-grid voltage .200 max V.

D.C. plate current

D.C. control-grid current
Plate input

Plate dissipation

100 max. ma.

5 max. ma.
40 max. W.
21 max. W,

Screen-grid dissipation 2 max. W.
Typical operation:
[Heater voltage 6.3 6.3V.
D.C. plate voltage 300 400 V.
D.C. screen-grid voltage 250 250 V.
D.C. coutrol-grid voltage -50 50 V.
Peak R.F. grid voltage 80 80 V.
1.C. plate current 95 95 ma.
D.C. screen-grid current 10 9 ma.
D.C. control-grid
current approx. 3 2.5 ma.
Driving power (approx.) 0.2 0.2 W,
Power Output (approx.) 17.5 25 W.

R **Modulation essentially negative may be used
if the positive peak of the A.F. envelope does mnot
exceed 115 per cent of the carrier conditions.

*Ultra-Violet Phototubes; WL-773, WL-774
and WL-767. These “electric eyes” do what no
human eye can do, namely, ‘‘see” in the dark!
The *‘trick” lies in peaking the response charac-
teristics of this type of ‘“light”-sensitive cell in
the region just beyond the high-frequency {imit
of human visibility or the ultra-violet range.

Features of the several types: WL-774, tung-
sten cathode, range of 2,200 to 2,700 A.U., use
ful in bactericidal field (measuring ultra-violet
light used in killing bacteria, preventing mold
and in general food preservation) ; WL-767 titan-
jum cathode, range of 2,700 to 3,200 A.U., useful
in measuring erythema (sunburn) and vitamin D
irradiation (of milk, for instance) ; WL-773, thor-
jum cathode, range_ of 2,700 to 3,000 A.U., use-
ful in measuring vitamin A and in making gen-
eral ultra-violet measurements.

One of the distinctive features of these photo-
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tubes is that they may be used without recourse
to shielding the tube from radiations in the visible
portion of the spectrum, hence they may be used
in direct sunlight, with the knowledge that all of
the photoelectric current change is due solely to
radiations in the particular ultra violet portion
of the spectrum to which the phototube is sensi-
tive.

The threshold response value is determined by
the particular metal used for the cathode and the
cut-off value is determined by the type of glass

Infra-Red, High-Vacuum Type Cartridge-Base
Photocell: Type 922. The new double-ended con-
struction (as in the 921) eliminates the con-
ventional base and provides a long insulating
path between electrodes. The terminals at either
end are in the form of metallic buttons, so de-
signed as to permit inserting each phototube
casily and positively in a clip mounting. The
features of this construction are lower cost, low
interelectrode capacity (for the 922, 0.6-mumf.),
and convenience in circuit arrangement.

(ANODE ) (+) Py \P(+) (ANQDE)

-

921 & y
922 K@=

')
1800 H

/HK

1801 KX-642

(PLATINUM RIBBON)

F
e Y
wL7e2 F

Fig. 4, Underside connections of new tubes.

used for the bulb. These characteristics render
it unnecessary to use frequency filters.

Optimum response from these tubes requires
high input impedance in the amplifier; an electro-
meter-type tube is idenl.

Infra-Red, Gas-Type Prong-Base Photocell;
Type 923. Because of the high sensitivity of
this type cell, which can “'sec¢’ radiations in the
infra-red region quite invisible to the naked cve,
it is particularly useful in applications where in-
candescent Jamps are employved as light sources,
Base connections are given in Fig. 4.

Cathade is semi-cylindrical. caesium-coated ;
anode-supply voltage (max.), 90; anode current
20 microamperes; scnsitivity, 100 microamperes/

lnmen; cathode window arca, 0.43-sq. in. Load
resistance. not over 10 megs. This tube is similar
clectrically and mechanically to the tyvpe 918,

bnt has a <horter overall length.

Infra-Red. Gas-Type Cartridge-Base Photocell;
Type 921. Substantially identical charactcristics
to the type 923, but with cartridge-type base like
the type 922 photocell,  Also, the 921 has o
window area of only 0.38-sq. in.; input capacity
is 1.1 mmf. Load resistance, not over 10 megs.
ase connections in Fig. 4.

Characteristics:  cathode. caesium-coated  and
semi-cylindrical ; window,  038-sq.-in. Anode-
supply voltage, 250 (max.); anode current. 30
microamperes (max.): load resistance, 1 meg. ;
sensitivity, 20 micronmpcres /lumen. Light re-
spouse may he made practically linear for light
inputs up to 1 lumen with proper adjustment of
supply voltage and load resistance. Sce Fig. 4 for
base connections,

AUDIO POWER TUBE

Beam Power Tube for A.C.-D.C. Radio Sets:
Type 6Y6G. The new tube is intended for uwe
in the output stage of A.(C. receivers. particular!y
those in which the plate voltage for the ontput
stage is relatively low.  With 135 V. on the
plate and sercen-grid it is capable of giving an
ontput of 3.6 W. with a maximum signal in-
put of 13.5 V. Under these conditions the total
distortion is ahout 9.5%. Additional character
istics follow.

Ileater voltage, 6.3 V.; current, 1.25 \.

Plate voltage. 135, max.: current (zero-~ign:.ly,

58 ma., and (max. ¢nal), 60 ma.
Sereenegrid  voltage. 133 V. (max.);
(7ero-signal), 3 ma.

Contiol-grid voltage, -13.5 V.

Transconductance, 7.000 mmhos.

Load resistance, 2.000 ohms.

Distortion, 2.5% 2nd harmonic and 97 3rd.

Power ontput, 3.6 W,
pear in Fig. 4.

current

Base connections ¢

World Radio Histo
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TELEVISION RECEIVING TUBE

Cathode-Ray Kinescope (Television Receiving
Tube), 5-in. Size; Electromagnetic Deflection;
Type 1801. For the first time, experimenters
now have available a commercial-built (as com-
pared to the school-built type now being  de-
scribed in Radio-Craft) cathode-ray tube spe-
cifically designed for television-reception experi-
ments! The screen is of medinm-persistence type;
the iluorescence color is yellow (phocphor No. 3);
ntax. screen (lmmeter 5 1/16 ins., Base con-
nections are given in Fig. 4. Additional charae-
teristics follow :

ileater voltage, 2.5; current, 2.1 A.

Direct interelectrode capacity (control-grid to
all other electrodes), 12 (max.) mini.

High-voltage elcctrode (anode No. 2) 3,000 \.,
(max.)

Focusing electrode 1,000 V.
{max.)

Control clectrode (grid), voltage
tive; grid voltage for current cut-off,
(approx.)

IFluorescent-screen input power /sg.cimi.,
watts (ma .)

Typical operation: heater, 2.5 V.3 anode No.
2. 3000 V.; anode No. 1. 325 V.; control-grid
voltage adjusted 1o give snitable Inminons spot;
control-grid signal-swing voltage, taking peak-to-
peak value for optimum contrast, 15 V.

(Data courtesy RCA Radlolron)

(anode No. 1),

never posi-

S35 V.
10 milli-

Cathode-Ray Klnescope (Television Receiving
Tube), 9-in. Size; Elcctromagnetic  Deflection;
Type 1800. Like the type 1801 kinescope this
model has a  medinm-persistence screen and
pho~phor No. 3 (yellow). Buse connections are
given in Fig. 4; and characteristic data follow:

Heater, 2.5 V.; 2.1 A

Dircet interclectrode capacity (grid No. 1 to

all other electrodes), 12 mmf, (max.).

High-voltage electrode (anode No. 2), 7,000 V.

(nax.).

Focnsing electrode (anode No. 1), 2,000 V.
(max.).

Accelerating  electrode  (grid No. 2), 250 V.
(max.).

Control electrode (grid No. 1), never pos.
Grid No. 1 jor current cut-off, -75 V.
(approx.).
Fluorescent-screen
milliwatts  (ma 1X.).
Typical operating conditions are available for
anode No. 2 voltages of 3.000 to 4.500 and 6.000.
but since the average experimenter probably
will get the 9-in. size tube only with the expecti-
tion of getting the maximum possible brilliance
in the image, only figures for ome voltage will

inpnt power /syg.em., 10

be given herve.  Heater, 2.5 V.; anode No. 2,
LINE
TO‘V
APPARATUS
FUSES v
HIGH-
_ VOLTAGE
TERMINAL FUSES
STRIP
KX 642
TUBE —

Fig. 5, Bridge circuit for vacuum-test tube.

«TO
EXHAUST
SYSTEM

WL 762 TUBE ==
\b

Fig. 6, Circuit for anti-surge tube.

6,000 V.; anode No. 1. 1,250 \.; grid No. 2,
250 V.; grid No. 1, adjusted to give snitable
luminous spot; grid No. 1 signal voltage (peak-
to-peak valuce for optimum contrast), 23.
(Data courtesy RCA Radiotron).
SPECIAL-PURPOSE TUBES
*Superv'sory Control Protector Tube; Type

KX642. Wherever protection against overload is
desired. as for instance in radio transmitting sta-
tions for switching operations and wherever remote
meter readings are taken, as well as in radio
stations as a_protection to (omlcn\(rs. transform-
ers, and leshng equipment, the “supervisory con-
trol tube” may be conneeted across the line and
the 3rd connection grounded. as shown in Fig. 6
to serve as protection to eyuipment .md operator
in_the event of surges exceeding 300 V.,

The device cousists of 3 grapbite electrodes
mounted in a gas filled bulb,  The tube may be
used in place of the more familiar overload re-
lays whieh require re-setting. The protector tube
will stand counsiderable overload. shunting the
overload to ground, without heing damaged.

The capaeity of this protector. us the char-
acteristic data indicate, is 50 A. for 2 seconds.
Under these conditions the bulh has a life of
many severe (lhclmrgu without change in ehar-
acteristics. It is recommended that a resistor of
00 ohms be placed in series with the tube to
j.revent possible short-circuit of the supply source
through the tube when discharging any disturb-
ance; also, fuse the line with 10 A. fuses as
shown in the diagram. Characte-istics follow :

Breakdown voltage, 300 to 500 \°

Max, discharge (2-sec. pericds), 50 A.; (10-
min, period~ ), AL
T_vp]lgal\ opemtmg line wvoltage. A.C., r.m.s.,

Average arc drop, 20 to 30 V.

Max. short-circnit current at
clear at first current zero,
at 115 V., 15 A.

D.C.
which tube will
at 230 V., 10 A,

*Pressure-Indicating Tube; Type WL-762, Ex-
perimenters who are already dabbling in vacuum-
tnbe work, or who plan to take up the study
either in a school lab. or at home, will be in-
terested to know about the means of obtaining
indications of changes in atmospheric pressure
electronically.

World Radio Histol



60 1938 RADIO REFERENCE ANNUAL

The ‘‘pressure-indicating tube’ consists essen-
tially of a long platinum ribbon suitably mounted
inside of a glass bulb. The tube is connected by
means of the usual tubing to the vacuum system
in which measurements are desired and changes
in the heat conductivity hetween the filament
wire and the bulb to the atmosphere can he used
to obtain readings indicating the amount of gas
remaining in the exhaust system.

One circuit in which this tube, together with
a second, may be used to particular advantage
is shown in Fig, 5. The supply voltage (or cur-
rent) must be kept absolutely constant. Meter
M is a 0-10 ma. unit. Item H is a double-stack
dry-disc rectifier; meter V monitors the output
to obtain about 12 V. Meter M may be calibrated
to read atmospheric pressure directly (for in-
stance, down to 1 micron).

The principle of operation of this tube is in-
teresting. At atmospheric pressure there is a
definite rate of cooling of the heated filament by
the particles of air which carry the heat from
filament to the hulh. "As the amount of air in
the tuhe is reduced the rate of conduction of heat
from the filament to_the bulb decreases, resulting
in an increase in filament temperature. Fence
the resistance of the filament increases, causing
the current in the filament circuit to decrease.

he increase in resistance continues as the
vacuum conditions are improved or as the air
pressure and consequently the number of mole-
cules of air are decreased. The same phenomenon
occurs if the tube is used in measuring pressure
conditions of gases other than air.

Base connections are shown in Fig. 4; the
operating current range is approx. 0 to 0.3-A.

ULTRA-SHORTWAVE TUBE
U.-H.F. High-Mu and High-Vacuum Trans-
mitting _triode; R.F. Amplifier, Oscillator and
Class B Modulator; Type 833. A minimum

amount of insulation within the tube, low in-
ternal lead inductances, and a post terminal con-
struction which makes bases unnecessary, are
features that cnable the new type 833 tube to
develop high power on 30 to 100 megacycles (10
meters to 3 meters).

As a result of its construction, the 833 provides
high plate efficiency at moderate voltages. For
example, it is capable of giving in broadcast
service a carrier output of 635 W. at 2,500 V.
on the plate, and with this carrier output, can
he modulated 100%. In other services, such as
police transmitters, diathermy apparatus, avia-
tion transmitters, and experimental ultra-high
quency transmitters (for experiments with radro-
controlled equipment. etc.), the 833 also provides
excellent efficiency.

Terminal connections are shown in Fig. 4.

RECTIFIER TUBE

*Mercury-Vapor Rectifier; Type 2-RA-15. This
heavy-duty rectifier is designed to deliver very
high values of pfilsating direct current; it is thus
suitable on a bench “A” supply for testing radio
sets without resorting to a storage battery for
filament D.C. 1t also may be used to sugpl_v
D.C. for energizing field coils in high-grade P.A.
systems. Tube life is about 2,000 operating hours.
Characteristics follow :

Filament voltage, 2.5; current, 16 A.; heating

time, 2 to 3 mins.

D.C. average output, 15 A.; crest, 45 A.

Arc drop, 5 to 8 V.

Pick-up voltage, 8 to 11 V.

D.C. output voltage, 60 (max.);

inverse voltage, 200 V. (max.).

*Names of manufacturers will be supplied upon
receipt of a stamped and self-addressed envelope

D.C.

crest



CHAPTER 6

Useful Circuit Ideas
From Radio Craft's Readers

AN IMPROVED DIODE DETECTION cir-
cuit that also provides interstation noise suppres-
sion. I have tried out many of the circuits you
have presented from time to time for modernizing
old receivers. The diode detectors (53, 2A6, 2B7)
have helped very much, and make it easy to add
automatic volume control; but they have two
main faults—attenuation of low frequencies, and
poor quality at low volume,

The circuit 1 submit (Fig. 1) overcomes these
faults, and provides additional suppression of
noise between stations, 1 have found the 2B7,
with screen-grid tied to plate, superior to the
other two, None of them are good amplifiers
when the bias becomes less than 1V. By increas-
ing self-bias R1-C1 in diagram) another volt, this
fault is overcome. As they will not detect or
amplify signals below 1V., the ordinary noise is
suppressed ; though without loss of sensitivity, as
Iowc]rr signals would not be heard above the noise
level.

Attenuation of low notes at low volume is
caused by the low impedance in the control-grid
circuit of the amplifier section of the tube. ’%his
is overcome, in the better modern receivers, by
the use of an "L’ pad as volume control: but it
is done with less trouble and expense, almost
as well. by putting the .01-meg. resistor (R2 in
diagram) between the control-grid and the arm
of the volume control. The lead to the control-
grid cap should be shielded, and shield grounded:
this will also by-pass high frequencies that may
get through.

Thomas H. Jasper.

AN OSCILLATOR FOR TESTING LOUD-
SPEAKERS. The cost of an A.F. oscillator, for
checking speaker rattles, is saved by this method,
applied to a superheterodyne with a service R.F.
oscillator, which is cut into the cathode-return
of the 1st I.F. tube, as shown in Fig. 2. The
oscillator is tuned to approximately the I.F.. and
then varied to give a beat note of any desired
pitch. For instance, if the I.F. is 175 kc., the
service oscillator at 174 kec. will give a 1.000-cycle
audio note. The I.F. transformers should first
be lined up.

Charles Forsch.

OUTPUT METER FROM TESTER. The
meter in your tube tester may be used as the
output indicator of a set, with the simple addi-
tion of a type 58 tube. Simply place the tube
in the socket, and connect to its control-grid
cap the set which is to be balanced, as shown
in Fig. 3. Reduce the bias. and adjust_the other
element controls for maximum awing. The meter,
which is protected from overload, will read down-
wards for maximum swing.

Walter L. Shearman.

FULL-WAVE RECTIFICATION WITH-
OUT A POWER TRANSFORMER. Here is a
full-wave rectifier for supplying “B"” current to
A.C.-D.C. sets, energizing speaker fields, and
fo rsupplying high voltage to test apparatus, etc,
See Fig. 4.

Because of the full-wave action. less filtering is
required than with half-wave circuits. Also. the
voltage is slightly higher and the maximnm cur-
rent drain is much greater than with equivalent
half-wave circuits.

If the 25Z6 metal tubes are used it can bhe
made very compact.

Loren Svobida,
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AN A.C.-D.C. “B” SUPPLY USING FILA-
MENT-TYPE TUBE AS RECTIFIER. *“Neces-
~ity is the mother of invention.” A small amount
of 90 V. “B” was needed. An inventory of the
available junk box showed no transformers, not
even for filaments. ‘The accompanying diagram
shows the exact "B climinator that was rigged
up An 01A, 71A, or similar tube that draws

3-A. filament current would give more output.
'lhc less said about the efficiency of this circuit
the hetter, but it is simple and served the purpose.
See Fig. 5.

I have never seen a similar hook-up using a
filament-type tube.

Oliver II. Smith

TESTING AUDIO AMPLIFIER STAGES
WITH A.C. LINE HUM. The A.C. line hutn
may be nsed as a quick and convenient mecthod
of (lctermmmg whether the aundio amplifier stages
of a receiver are npermng Such hum is applied
to the various points in the audio circuit through
i condenser and test lead as shown in Fig. 6. The
prong of the A.C. plug to which the lead is con-
nected must be placed in the “hot” or ungrounded
side of the service outlet.

With the receiver turned on, the terminal of
tlu test lead is touched to the plate of tube No.
, B plus” of tube No. 1, the grids of tubes No
’.’ and 3. or “C minus”; if all parts of circuits in.
cluded arc operating correctly a hum or buzzing
sound will be heard in the speaker. This hum
shonld be louder, due to amplification, at the
plate of tube No. 1 than at points on other tubes.

IToward J. Surbey.

LINE-BOOSTER TRANSFORMER. Such a
scheme is shown in Fig. 7. The transformer T
shonld have a rating in watts equal to, or greater
than. the appliance to which it is connected. The
transformer should have a 110-V. primary and a
secondary tapped in 5-V. steps. The secondary is
connected in series withe the line and the trans-
former of the appliance. The secondary must be
connected ‘series aiding” or in other words in
phase with the other transformer.

Switch Sw,1 is the on-off control for the hooster.
When turned to the left it cuts in the booster
and in the right-hand position it removes the
booster from the line circuit. \When the booster
1= heing used the A.C. voltmeter M. should al-
ways be in the circuit to prevent application of
excessive  voltage.  Switch Sw.2  controls  the
amount of booster voltage added to the primary
circnit of the radio set transformer.

W. T. Maore
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394 New High-Intensity Cathode-Ray
fects Television Theatre
395 New Tubes for the New Year
396 Gridless vs. Grid Tubes—DPart I1—Ilenri
I7. Dalpayrat

398 lfow to Make the RADIO-CRAFT 1937
Television Receiver—Part 1

100 .\ Simplified Converter for Short-Wave Be-
ginners —Part 1--Raymond P. Adams

102 Sun-Spots and Short-Wave Radio Fade-Outs

R. ¥. Richardson

102 WDPA Dolice-Radio
W. von Struve

103 llow to Get “Long Distance”

Wave Set—- M.

Tube Ef-
J. H. Green

“Noise Detectives"—A.

on Your All-

Harvey Gernshuck

t04  Modern Short-Wave Diathearmy—Part I—
l.eon C. Bunkin

105 l.ooking .\head in the Radio Field
R. . Washburne

406  Build This 12- to 500-Meter
—Guy Stokely

106 Unele Sam’s War Against
mitters—John B.

Part 111
“Bandswiteh 5"

“Bootleg™ Trans-
Reynolds

107 Making a Radio-Controlled Model “Sara-
toga”—Part 11 -George C. Fitzgerrell

08 New “Current-Saver” Circnit for 18-Tube
All-Wave Set—Charles Sloan

109 Experiments with a “Hi-Fi” Amplifier—-

Part 11—Arthur H. Lyuch

$10 Build This Beat Oscillator for DX Recep-
tion and Code—C. P. Mason

$10 Basic Oscillator Circuits You Should Know
—Alfred A. Ghirardi

112 A New Transformer
Carter

$13  An Easily-Built Condenser Analyzer for the
Servicing Beginner—Alfred W. Bulkley

$13 New Developments in Cathode-Ray Kquip-
ment-—Part - Garland W. Archer

RADIO SERVICE DATA SHEETS:

16 Nos. 186 and 187 Philco Model '37-116
(Shadowmeter) and 122 (Dial Tuning)

#20 No. 188—RCA-Victor Models 9T and 9K2,
5-Band 9-Tube Superheterodyne

Development—]. B,

Page February, 1937

462 Features in Radio Sets for 1937

464 The l)ynamu Loudspeaker *“Goes Head-
phone”—C. P. Mason

$65—NBC-—RCA Television “On the Air’!

466 lHow to Make the RADIO-CRAFT 1937

Television Receiver— Part I1

468 ‘“‘Precision” Controls in a 16-Inbe 1937 DX
Radio Set—Eli Martin

168 A Tube Tester that Talks”—-S. M. Harper

469 Mod]elrn Trains are Radio-Equipped- -F. K.
Gonld

470 Make This Midget Servicing Oscilloscope—]J.
B. Carter

471 How to Add “Variable-Selectivity” to Su-
perhets——W_ J. Vette
471 Mixer Circuits Yon Should Know- Alfred

A, Ghuarndi

474 A New 60-W.
Silver

474 Radio Scts for Export and
Milton B. Sleeper

475 Modern Short-Wave Diathermy- -Part 11—
Leon C. Bunkin

476 The New 60-Watt “F.V.F.B.” Beam Power
Amplifier—A. C. Shaney

477 A Simplified Converter for the Short-Wave
Beginner-—-Part 1I-—Raymond P. Adams

RADIO SERVICE DATA SHEETS

480 Nos. 191 and 192-——Grunow Models 1291 and
1297 (Chassis 12B and 12W)

484 No. 193—Sparton Models 517, 517B, 517W,
517X, 557 and 567 Console); Emerson

Beam Amplifier—MeMurdo

Marine Use—

Models H-130, H-137 (Chassis Model H)

Page March

527 How to Make a “Junior” Oscilloscope- -
William Filler

533 The ABC of A.F.C—C. P. Mason

534 I)ircct-Couplmf na 30 W. Beam-Tube Am-
plifier !-- Part . Shaney

534 The Capacity \letcr as a Ser\'icing Aid-
0. J. Morelock, Jr.

536 Interfercnce—Radio’s “Old Man of the Sea”
—Frank L. Carter

537 llow to Use V.-T. Voltmeters in Radio and
P.A. Servicing-—Part I—Kendall Clough

337 A 5-Baud 11-Tunbe Rack-and-Panel Receiver
—-J. T. McCabe

538 llow to \-Ia}\elihe RADIO-CRAFT  Set
art

539 Muke This Pocket-Size Multi-Test Unit —
Milton Reiner

543 The Much-Abused Ballasts for A.C.-D.C.

Radio Receivers— Samuel lecnbug
RADIO SERVICE DATA SHEE
544 No. 192—Philco Model 37- 604
545 No. 193—American Bosch Model 640

No. 194—Delco Models R-3208 (table) and

R3209
Page April
595 Make the RADIO-CRAIFT Midget Oscillo-

scope—Part 1
601 Direct-Coupling in a 30-\W. Beam-Tube Am-

plifier - -Part [I—A. C. Shaney
601 lHow to Use V.-T. Voltmeter in Radio and

P.A. Servicing—Part II—Kendall Clough
603 Improvements in the ¢“12-Tube Hi-Fi Broad-

cast Receiver’—M. Gernsback
604 Making the Rmho Kaleidochrome—Color-

Tuner—-Tone-Color Adapter—Charles Sicur-

anza
605 Make This 1-Tube

1. L. Warner
605 1lere Is a General-Purpose Hi-Fi P.A. Am-

plifier— McMurdo Silver
607 Practical Resistance and

Boxes— William . Fritz
R\I)l() SERV l(,h DATA SHEETS:

“Home DBroadcaster’’—

Capacity Decade

No. 195 --Philco Model 37-620, 530 kec. to
7.35 mcs., 6-tube A.C. Superhet

609 No. 196-—FEmerson Models 1117, L122,
1.133, 1135, L141, and L150 (Chassis
Model L)

612 No. 197 8BT6,

-RCA Victor Models 8BT,

8BK, and 8BK6

Page May

656 llow to Make an Infinite-Baffle High-Fidel-
ity Speaker System—EIli M. Lurie

659 A Stabilized Feedback 6-W. 251.6 A.C.-D.C.

Amplifier- -Part I—Ralph Kenyon

661 A 60-\W. Push-Pull Parallel Beam Ampli-
fier -Jerome H. Kleker

665 Introducing—A Cathode-Drive Iligh-Fidel-
ity 32-\W. Beam Amplifier Part [--A. C.
Shaney

666 Make the RADIO-CRAFT Midget Oscillo-
scope—Part 11

667 Scrvicing A, with a Midget ()scilloscope-
J. P, Kennedy

667 Make the “Long Arm™—A\
Control——Clifford E. Denton

RADIO SERVICE DATA SHEETS:

672 No. 198—Philco Model 37-84, Code 122;
Philco Model 84-B

673 No. 199—Pilot 304 (Domestic) and 305
(Export)

Page June

720 Car-Radio Sets for 1937

722 Introducing —A  Cathode-Drive
ity 32-W. Beam
Shaney

Remote  Set

Itigh-Fidel-
Anplifier —Part [1—A. C.
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723 An Electromechanical Oscilloscope - Louis J.
Fohr. Jr.

724 Condensers in Auto-Radio Noise Elimina-
tion—Leon L. Adelman

725 A Stabilized Feedback 6-W. 25L6 A.C.-D.C.
Amplifier—Part Il Ralph Kenyon

728 A Service Man's Audio Oscillator—Charles
Sicuranza

734 A Simple T.R.F. Receiver with A.V.C.—
Clifford E. Denton

734 How to Use V..T. Voltmeters in Radio and
P.A. Servicing— P'art 111--Kendall Clough

735 How to Make the RADIO-CRAFT Del.uxe

Carrier Interphone—Part 11

RADIO SERVICE DATA SHEETS:

738 No. 200 Silvertone Models 4488 and 4588
(Chassis No. 101412) and 4488A and 4588A
(Chassis No. 101412A)

739 No.) 201  (Continuation of Data Sheet No.
200

Page July

16 A Universal-Service Tester Speaker J.
Ahrams

18 An  Excellent Coil-Testing Unit for the
Service Man-—Part I -—-Walier L. Lyons

19 How to Check Condensers with an A.C.
Bridge  Glenn H. Hrowning

20 \acuum-Tube Characteristics with the C.-R.
Tube C. Rradner Rrown

27 A combination V.-T. and Peak Voltmeter
S. Minsker

27 A 20.000 Ohms/Volt Analyzer Kit—M. N.

Beitman
RADIO SERVICE DATA SHEETS::
30 No. 202 Stromberg-Carlson No. 127 A.C.-

D.C.

31 No. 203 General Elcctric Model E-S1 Re-
ceiver

34 :s\'o.)204 Crosley Model C-516 (Chassis No.
06

35 No. 205 Chrysler-Philco  “Custom- Built™
1937 Car-Radio Set

36 Direct-Coupling in a 30-W. Beam Tube
Amplifier--Part 1H - A, C. Shaney

Page August

79 New Oscilloscopes Use 2-In. C.-R. Tube
Sumuel C. Milbourne

79  Keeping Voltage Constant—Harry F. Dart

83 The Protection Kinescope Makes Its Debut

84 Servicing a Students’ Television Set-Up
2. J. Doyle & J. . Kennedy

85 How to Make @ 2-Tube Carvier Interphone

Arthur Blumenfcld

90 How to Add a 2-In. C.-R. Tube to the
RADIO-CRAFT Midget Oscilloscope

94  The Potentiometer Voltmeter A New Ser-
vice Toal (. V. Morris & Bradley Thomp-
son

94 The Delta-T Pad—Inexpensive P.A. Con-
trol--Wm. H. Fritz

RADIO SERVICE DATA SHEETS:

96 No. 206 IFord-Philco Car-Radio Models
1F-1440 and F.1442

98 No. 207 Iloward Model B-5 (Schaeffer
Radio-Clock-Pen 1)esk Set); Remler Model
46 “Scottie” Radio Receiver

99 No. 208 General Electric Auto-Radio
Models FA-60 and FA-61

100 \'ol;ngc-l)oul)ling Circuits—Charles Golen-
pau

Page September

138 Radio and P.\. for Touring Cyclists

138 ' Button Tuning”’ [s Newest Convenience

144 The ARBC of Electrolytic Condensers—Paul
McKnight Deeley

144 This “Power Level” Checker Makes Dy-
namic Tube Tests 1. Harrison

147 The “H” Pad Offers Constant [mpedance
to the PPower Source W. M. Fritz

151  Application of Feedhack to a Beam Power
Amplifier  J. B. Nichols-

151  An inexpensive Dual Recording and P.A.
System- M. N. Beitman

154 How to Make an \.C.-D.C. Interphone Us.
ing Only 1 Tube. Arthur Blumenfeld

158 Compensation of Amplifier Response for

Local Needs—S$. Ruttenberg
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159 A 120-Watt *‘Cathode-Drive’’ Hi-Fi Ampli-
fier—A. C. Shaney

RADIO SERVICE DATA SHEETS:

162 —Nos. 209 and 210- -Sentinal  Erla Models
76-A and AC

166 No. 211-—Dictograph A.C.-D.C. “‘Silent Ra-
dio” Model 91134 Series

Page October

201 New “Resolution Tester” for Cathode-Ray
Tubes

205 New Set Tester Features Low-Ohm Scale -
B. O. Burlingame

206 Importance of Modern Test Equipment—
Glenn H. Browning

209 RBuild This “Optimum-Test” Tube Checker

-Milton J. Reiner

209 DBusiness-Like “Silent” Servicing—J). P.
Kennedy

212 How Dependable Are Your Meter Readings?

-Part T -A. A. Ghirardi
214 How to Make a Class Al Push-Pull Nega-

tive-Feedback 60-\W. Amplificr—\Walter s

Bronson
RADIO SERVICE DATA SHEET:

224 No. 212 Crosley Model A-157 (Fiver Roa-
mio) Auto Radio

225 Build This “Intermittent Open'" Condenser
Tester— Joseph Mosio

225 New Instrument Speeds Free-Point Testing

G. 1. Koch

226 Correct Playback of Spot Recordings- Part
I—Ralph l.. Power

Page November

265 Recent Applications of the “Electric Eye™
Part I- K. Guenter

269 “'Snow Static” Being Beaten by ‘‘Flying
Laboratory” -Part 1--H. M. Hucke

272 How to Build the “Alarmclock” Wall-Radio
Set—Part I-—N. H. Lessem

273  Frequency "‘Wobhlers” for Service Oscilla-
tors— Edward Lovick, Jr.

274 llow to Make the RADIO-CRAFT Super-
Del.uxe 30-Tube Set -Part 11TA, 1.F. Chan-
nels and Automatic Control Circuits

276 26-W. Amplifier. with Dual Power Supply,
for Electioneering l.eonard Werner

279  Build This Crystal-Speaker 1-Tube Battery
Interphone — W. 1. Maualiord

283 How to Conduct a Sound-on-Film Recording
Studio  Part TA 1. Queen

284 Correct playback for Spot Recordings  Part
Il —Ralph L. Power

287 AF. Degencration Now Used in Modern

Radio Sets  R. . Pallin
RADIO SERVICE DATA SHEETS:

290  Fairbanks-Morse Chassis No. 12A (Sales
Model 12-A.C.-6)

291 Ditto (continuition)

294 Stromberg-Carlson Nos. 230 and 231 Series

Page December

330 Short-Wave Radio Lands Army Plane With-
out Human N\id!—Capt’s C. J. Crone and
G. V. Hollyman

334 lHow to Make the RADIO-CRAFT Super-
DeLuxe 30-Tube Set- Part 11113, I.F. Chan-
nels and Automatic Control Circuits

335 Television Students Learn by Making Cath-
ode-Ray Tubes—DPart I1-U. A, Sanabria

335 New Console Utilizes ""Bass Reflex”—Lewis
Winner

336 DBeginners! -Build This “Tiny Tim™’ 4-
Tube S¢t Raymond P. Adams

340 How Dependable Are Your Meter Readings?
“~Part 111 Alfred .\. Ghirardi

341 New 20-Tube Set Introduces Distortionless
AF. Expansion- Paul P. Smith

344 How to Comnduct a Sound-on-Iilm Record-
ing Studio Part 113 1. Queen.

346 Introducing— - Audio-Specirum Control”’—-A.
C. Shaney

349 Recent Applications of the “Electric Eye™
Part X. (Guenter

351 How to Build the "*Alarmclock” Wall-Radio

Set—Part 11—N. II. Lessemn
RADIO SERVICE DATA SHEELTS:
354 No. 217 —Sparton Models 1068 and 1068\
355 No. 218- -Ditto (continuation)
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