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Every well-posted Serviceman will want his own
personal copy'of this new IRC Service Catalog.
Profusely illustrated with useful charts, diagrams,
tables and product pictures, it contains the kind of
materiol a busy man likes to have right at his

fingertips.

Among the interesting features in this catalog you'll
find the complete story on the new smaller size BTS
(Va watt) and BTA (1 watt) resistors, as well as useful
data on the entire BT and BW resistor lines. Now in
RMA Preferred Number Ranges as standard Dis-

International Resistance Co. -

401 NORTH BROAD STREET, PHILADELPHIA 8, PA.

A4
FOR SERVICEMEN

Get your free copy from your
IRC Distributor or write direct

tributors’ stock, these quality resistors are quoted

at new low prices.

Also included are pertinent facts on IRC's "Century
Line" of volume controls . . . 100 controls that will
solve over 90% of your problems in this category.
But these are only the highlights of this helpful new
catalog. You'll want to see and read it all.

Make sure thai you get your copy by stopping in at
your nearest IRC Distributor or, if more convenient,
drop a card to Dept. RA
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IRC MAKES MORE TYPES OF RESISTANCE UNITS, IN MORE SHAPES FOR MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN THE WORLD
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VERY radio man who has had any

part in the setting and operating

of sound equipment at field-meets,

football games and other public
events where large crowds are present has
been confronted with that ever-present
problem of having someone trip over the
microphone cable.

The writer has followed the sound busi
ness for past fifteen years and personally
encountered these cable difficulties. He con-
ceived the idea of eliminating the cable
entirely by using a small low power trans-
mitter, powered by bhatteries, and carried
by the announcer. This relays his voice to
a special recetver pick-up, located near the
public address amplifier.

The output from the receiver is fed into
the amplifier and after amplification de-
livered by the loud-speakers so that all
present may hear.

request was made to the FCC at
Washington for permission to carry on
some experiments in this field with a
transmitter of suitable power, but they im
mediately turned thumbs down on the re-
quest, stating that no such service had ever
heen authorized.

RADIO STATION WS8XWI

A two-year correspondence finally re-
sulted in a hearing and the writer appeared
before them with a full description of the
new service he desired to establish.

About three months later a construction
permit was granted for a small transmitter
to operate on 310 megacycles with an out-

Public Address
Relay System

A completely portable pickup unit which can be moved rapidly and

without the accompaniment of trailing wires is indeed a useful device

in public address pickup of outdoor events. The unit shown at the left—
together with its designer and the author of this article, Mr. Cornish—

is such a pickup and retransmitting station. It has considerably more

output than the pack-type sets used in convention halls, and gives

excellent results over distances of more than three hundred feet. Such

ranges are usually near the practical maximum in public address work.

put which was not to exceed one watt total.

After construction was complete, a class
IT experimental license was granted and the
call letters \W8X'WTI were assigned to the
station.

The first transmitter placed in this service
was built in pack form and carried on the
back of the announcer.

While the operation of this equipment
was satisfactory as long as the crowd re-
mained at a distance from the announcer,
when they crowded around him the UHF
signals were absorbed to such an extent
that the loud-speaker volume would fall
helow suitable levels.

To overcome this difficulty the transmit-
ter was mounted on a tripod and the an-
tenna changed to a fork or end-fire type,
which being directional, permitted the
beaming of the signals to the receiver.

Another advantage gained by this ar-
rangement was the fact that the antenna
was well above the heads of the people and
the shifting of the crowd did not affect the
signals.

This station with a wave-length of a
little less than one meter, operates on what
is known as line-of-sight transmission and
lest results are obtained when the path be-
tween the transmitter and receiver is free
from obstruction.

The question usually asked is, how far
will the signals carry? This can be an-
swered by saying that in ninety-five percent
of all occasions where this outfit is used,
the distance covered is less than three

Fig. |—The transmitter uses a standard transmission-line circuit

2

hundred feet.

In any type of
sound service where
loud-speakers are lo-
cated three hundred
feet from the micro-
phone, the time re-
quired for the sound
to travel through the
air from the speak-
ers to the mike gives
the impression of an
echo. This is very
annoying to the an-
nouncer and for this
reason every attempt

18OV is made to keep this

90v. .
— distance as short as

possible,

On one occasion where the annotincer
was covering an athletic contest on a rec-
reation field, a clump of bushes stood be-
tween him and the receiver and the radio
waves were absorbed or reflected to such
an extent that satisfactory operation was
impossible. When the antenna was turned
in such a way as to direct the waves against
the recreation building at an angle, the re
flected waves reached the receiver and per-
fect results were had from the loud-speak-
ers.

On another occasion it was found that
the waves when striking a concrete wall at
an angle were reflected. hut when striking
squarely they penetrated the three foot
thick wall and operated a public address
system inside the building.

The transmitter will deliver about one-
hatf watt when two 958 acorn tubes are
used with 135 volts on the plates. With
two 955 tubes using 180 volts on plates, an
output of about three-quarters watt can be
expected.

FREQUENCY STABILITY

This station, small as it is, comes under
the regulations of the FCC and must be
handled by a licensed commercial phone
operator.

The FCC requires some means of fre-
quency control on all transmitters and for
those working on frequencies above 300
megacycles probably the best method is the
use of tuned lines in both the plate and
cathode circuits.

If these are rigidly constructed and well
insulated, the frequencv will remain con-
stant over long periods of time. Their ap-
pearance and relative positions are easily
seen in the two photographs.

One precaution must be taken in mount-
ing the porcelam insulators to the aluminum
chassis. Tf these are screwed down tight.
the chances are they will crack and the
copper tubes will not be held rigid enough
to insure frequency stability.

The best way to prevent this, is to cut
a piece of felt the shape of the base of the
insulator and place it between the insula-
tor and the aluminum chassis before tight-
ening the screws. Any variation in the por-
celain caused by temperature changes will
be taken up by the felt pad and damage to
the insulators avoided. These precautions
must be taken, as frequency can be varied
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only too easily at the frequency used.

The chassis is formed from a one-six-
teenth inch aluminum sheet by bending it
over a wooden block, It measures two
inches high, four and one-hatf inches wide
and ten inches long. The circuit is shown
in Fig. 1.

The plate tubes are made from hard-
drawn copper tubing, sixteenth-inch wall
and outside diameter, three-eighth inch.
They are spaced three-quarters inch be-
tween centers and are four inches long.

The plate tuning condenser is the usual
two plate type, one of the plates fixed to
one of the tubes and the other soldered to
a machine screw, which is threaded through
the other tube so that the distance between
them can be varied by turning. These plates
are three-quarters inch in diameter.

The two acorn sockets are mounted at
one end of the chassis and each plate tube
is connected by a short stout wire to the
plate spring on each socket.
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Fig. 2—Receiving unit of the relay system.

The far end of the tubes are connected by
a heavy copper yoke, supported on a por-
celain insulator.

The two grid leads on the acorn sockets
are connected together and then grounded
to chassis through a 25,000 ohm resistor.

At the opposite end of the chassis is
shown the modulator transformer and
I1Q5GT.

The cathode tubes are mounted under the
chassis and are identical in size and spac-
ing to the plate tubes with the exception
of the length, which is seven inches.

The cathode tuning condenser is coun-
structed the same as the plate condenser
but the diameter is one-and-one-half inches.

Between the acorn sockets is a small con-
denser, useful in tuning the filaments when
958 tubes are used.

The two condensers, variable by screwing
in and out the threaded rod connected to
one plate, make tuning up—which is done
in conventional manner—easier. A hairpin
loop, Ls, mounted in the plate coil, fur-
nishes coupling to the antenna.

If a carbon microphone is used, one end
of the microphone transformer secondary
is connected to the grid of the IQ5GT tube
and the other end is grounded to chassis.

TWO-TUBE RECEIVER
The receiver pick-up, removed from its

case, is shown in the photograph, also its
two cables. Fig. 2 is the schematic of this

unit. The one with a four prong plug plugs
into the side of the public address amplifier
to draw filament and plate current and the
other cable with a phone plug feeds the sig-
nals into the amplifier input jack. (Cable
connections are not shown in the sche
matic. )

The dimensions of this receiver pick-up
can be roughly judged by noting the size
of the phone plug. There is, however, no
crowding, and the ethiciency of the receiver
is in no way reduced by its extreme com-
pactness.

On the front panel are shown two knobs,
the bar knob on left controls the plate
voltage on the 955 detector and the knob
on right is the tuner.

The jack at bottom of panel is for head-
phone reception when necessary.

The amplifier is shown in Fig. 3 Input
may be either from the receiver or a micro-
phone.

While a carbon microphone may be used
in some classes of service, where the
crowds are large and the noise level high,
a good crystal microphone will give far
better results.

Unfortunately the output from a good
crystal mike is low and it must be built up
before it can be fed into the modulator
tube.

For this purpose, a two-tube speech am-
plifier is required and a circuit diagram 1s
shown, also a photograph of the one used
in these experiments.

A volume control enables the operator to
control feed-back when operating at various
distances from the loud speakers. As the
equipment is used almost entirely out-of-
doors, this problem is not nearly as serious
as in many P.A. installations, though care
must be taken in certain set-ups.

The microphone used in these experi-
ments is the Turner model 22X with tilting
head. The tilting head feature makes it per
fect for interviewing, as the head can be
turned back and both sides of the conver
sation received.

Originally this was considered as merely
an experimental model and a base for fur-
ther development, but for nearly a vear the
writer has been instructing in radio and
mathematics at the Fifth Command Signal
Corps School, in Cincinnati and during this

Fig. 3—Speech amplifier uses high-mu tubes.

period has had no time to do experimental
work of any kind.

However, as the equipment operates very
well in its present state of development,
this detailed description of same may be
of interest.

e

Top—Speech amplifier; bottom—transmitter.

List of Parts Used in Oscillator
and Modulator

L—Cathode line, 3%
seven inches long
L—Plate line, 3% inch O.D. copper tubing four

inches long
Both cathode and plate lines are spaced ¥, inch
between centers

L—Copper antenna
inches long

C—See text

C-—See text

R—I.R.C. 25,000 ohny, 1 watt resistor

C-—See text

M—Triplett 0-50 na. meter

T—Thordarson small modulation transformer
Hammarlund acorn sockets were used in this
oscillator.

Note: In addition to above parts, Johnson in
sulators were used throughout all tliree units
and Eveready batteries were used to power the
transmitter.

inch O.D. copper tubing

loop 1 incli wide and 2

List of Parts Used in Receiver Pick-up

ANT—14{ inch brass roll with sliding
The length can be varied from (5 to 2
C1-—National type M-30 mica condenser
R1—I.R.C. 5 megohm 1} watt resistor
C2—Cornell-Dubilier .00025 mica condenser
C3—National type UM, cut down to three plates
[L—No. 6 copper wire hent as shown, 4 inch
wide and 14 inches long
RFC—I15 turns Neo. 20 DCC copper wire, close
wound in one layer and bound with. collodion
T—Thordarson T-13A34 transformer
C4—Sprague 2 mfd. paper condenser
C5—Sprague .1 mfd. paper condenser
R2—I.R.C. 2500 ohm 1 watt resistor
R3I—I.R.C. 100,000 ¢hm !5 watt resistor
R4—I.R.C. 1 megohm 14 watt resistor
R5—Electrad 50,000 ohm volume control

sleeve.
inches

List of Parts Used in Speech Amplifier

Ct. C2, C3, C4, C5, C6—Sprague .05 paper con-
densers

R1—I.R.C. 3 megohm 3% watt resistor

R2—Electrad 200,000 ohm volume control

R3, R8—IL.R.C. 1 mezohm 1; watt resistor

R4, R7—I.R.C. 100,000 ohm %5 watt resistor

RS, R6—I.R.C. 25,000 ohm !4 watt resistor

-

Complete radio P. A. system. Left—Speech amplifier; center—receiver; right—transmitter.
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ELECTRONIC GUITAR

The electronic music enthusiast will find this instrument well worth the
time and effort required to build it. The sturdy unit requires less me-
ticulous attention to detail in construction and adjustment than other
types which use smaller parts. An amplifier is shown, but any high-
fidelity amplifier should work well if carefully built and adjusted.

been described by the dozen, ranging

from high quality down to “junk
box” super-duper amplifiers. However they
rarely finish the job by giving complete in-
structions on how to make the guitar, as
well as the amplifier. Following are a few
constructional suggestions founded on a
sad experience of tedious experiments both
with the amplifier and the pick-up device,
simplification of the latter being the great-
est obstacle.

LECTRONIC musical instrument
E amplifiers for electric guitars have

The main objective is, of course, to pro-
duce an instrument that really looks and
performs like a commercial article. The
compromise between portability and power
output is always a stickler, but when it'’s
boiled down it will be fonnd that an ampli-
fier of the size shown is quite portable,
with no sacrifice of tone or power because
of a small junky chassis and speaker.

The guitar itself is made of solid hirch
or some other hard wood. A soft wood can
be used and may be easier to work with but
it is impossible to keep the dints out of it.
A soft wood also tends to vibrate with the
strings, causing extraneous pick-up of ob-
jectionable noises. The body is shaped
roughly with a band saw and then sanded
very smooth using a power sander except
in tight corners, of course. If you do not
have power tools don't let it bother you,
for it is surprising how little it costs to
have it done. There are two output plugs
on the end of the instrument. The extra
one is for use with an extra foot volume
control, if desired.
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The finish should le a high grade var-
nish, two coats, rubbed down with rotten-
stone. If vou don’t feel capable of the job
by all means have it done by a professional,
as it is well worth the four dollars which
it costs to get the mirror like finish. The
fret markings are made carefully at right
angles to the centre line of the instrument;
the exact measurements of the frets may be
copied from an ordinary Hawaiian guitar.

Masking or adhesive tape placed 1/16”
apart on either side of the fret marking
line produces a smooth, straight and well
defined line when filled with a quick dry-
ing white enamel of fairly thick consistency.
The markers for the “main” frets are small
rhinestones taken from a dime store brooch
and set in countersunk holes of the proper
size with cement. The bridge should be
made so that the tops of the strings are
level, especially the third or “A” string, in
order to avoid undesirable scraping and
buzzing noises while playing. The “nut”
at the other extremity should of course be
bought with this point in mind. The tail
piece to which the strings are anchored is
made of a standard one cut down, drilled
and bent to fit. The physical contours of
the guitar may he altered to suit personal
tastes as desired. This has no effect on the
tone of the instrument. To complete the
guitar a zipper fastened canvas case may
be made, not forgetting a side\ pocket for the
connecting cable, plugs, picks and other
playing accessories.

THE ELECTRONIC PICK-UP

The pick-up device or unit is the heart
of the instrument. It is the most interesting

|
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The guitar ampllifier. Microphone as well as Instrument pickup is provided, and the inputs can be mixed.
The filter system is unusually thorough, obviating both hum and feedback. Note the two loudspeakers.

4

and neglected part in constructional articles.
Its operation is based on the theory of mag-
netic lines of force inducing a current in a

s STRINGS !

BODY OF GUITAR I

2 : =4
& \
=\ —Y A
iy }
\ [BRackeY|
E |
L — —— —
FIg. 1.—The unlt in its place under the strings.

conductor moving through the magnetic
field. In this case things are reversed; the
conductor, which is in this case the coil,
remains stationary and the magnetic field
moves in accordance with the disturbances
caused by the steel strings vibrating in this
magnetic field. The strength of the gener-
ated signal depends on

(a) Intensity of magnetic flux or field.

(b) Size of wire in coil.

(c) Proximity of the vibrating body, i.e.
strings, to the magnetic field. It should be
mentioned here that magnetized strings
are NOT used.

The pick-up unit proper is constructed
from a discarded 5” P.M. speaker having a
fairly powerful magnet, usually of the new
“Alnico” type and having a U shaped field
extension, and not one of the pot shaped
types.

Shown in Fig. 1 is a diagram illustrating
the relative positions of the pick-up magnet,
strings and coil. A polished metal panel is
used to cover the opening in the back of
the guitar through which the unit is in-
stalled. It is easily accessible without re-
moving the strings. Fig. 2 shows the shape
of the speaker magnet and the relative po-
sition of the coil. The dotted lines show the
portion of the speaker frame assembly
which should be removed with a hacksaw.
Use of a magnet of this shape (cylindrical)
provides a particular advantage in that con-
struction of the coil is reduced to simplicity
itself.

(Continued on following page)

Fig. 2.—How a loudspeaker is cut down to make
the magnet and coil form for the electronic guitar,
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CONSTRUCTING THE COIL

The coil is wound with the finest wire
obtainable, No. 44 or better; wire obtained
from the old faithful “Ford spark coil”
works quite satisfactorily in a pinch. The
actual size of the coil will, of course, vary
slightly with the actual speaker unit used
by the individual. It is a simple cylindrical
coil and measures approximately 2000 ohms.
It slips over the magnet “M” Fig. 1 and
should fill, as completely as possible, the
gap between the magnet and the field ex-
tensions.

Small angles are soldered to the pole
extensions “E"” (Fig. 1) so that the whole
unit may be securely bolted down with rub-
ber cushioning washers.

In order to bring the magnetic field as
close as possible to the strings, an auxiliary
extension “X” (Fig. 1) is made. 1t consists
of a rectangular piece of soft iron as highly
polished as possible, 215" x 14" x 2”. This
1s cemented in place on top of the magnet
proper (“M” Fig. 1) at the point “Y-Y.”
Its size may vary slightly as it must
project through the top of the guitar
far enough to come as near as possible to
the strings, without touching them, even
at their greatest vibration.

Thus its size or height must vary ac-
cording to the height of the bridge used.

The portion marked “A” in Fig. 1, which
ts the original voice coil extension, is
sawed off, so that only about 14" of it re-
mains. The top is filed smooth.

A special Alnico horse-shoe shaped mag-
net with special extensions and small high
resistance coils gave no better results than
the set-up shown and was much more diffi-
cult to construct. Even an ordinary head-
phone with no changes made except to
install a set of parallel extensions on the
pole pieces worked fine.

Fig. 3 is a schematic of the hookup used
for volume and tone control. Different tone
control circuits may be used with equal
results. Low resistance controls are essen-
tial to eliminate noise.

On completion the unit shown was given
a comparative test by playing records of
different artists through the phono input
and mixing the guitar through one of the
other inputs. This check of the tone quality
as compared to that on different records
proved the tone to be identical,

Moving the position of the pickup bodily
nearer or farther away from the bridge,
thus picking up the sound impulses at dif-
ferent points along the strings, prodiced
no audible effect on the tone.

THE AMPLIFIER AND CASE

The amplifier is a standard set-up in-
corporating two high gain and one phono
input. It can be made simpler if desired
or more complicated as regards tone cir-
cuits, etc. It may even be reduced to one
input for the instrument and made of junk
parts. A phase inverter may be preferred.
In this rig a power of 12 to 14 watts is
obtained in class ABI.

500,000A ‘

—AAAAAA TONE CONT. !

t T0 |
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Fig. 3.—Tone and volume are adjusted by these

three 500,000. ohm controls. Many musicians prefer

them mounted on the instrument, which of course
is quite feasible, at least with this amplifier.

It is important to mount the driver
transformer as far as possiblz from the
power transformer to eliminate inductive
hum pickup. It will be noted that in the
picture thev are mounted right next to
each other, This resulted in a vicious
hhum which was eliminated very satisfacto-
rily by turning the transformer for mini-
mum hum pickup. The line bypzss condens
ers were also found necessary in eliminating
the last bit of hum and noise.

It will be noted that the tone and gain
controls are not mounted on the chassis but
on the cabinet. This has worked out very
well and also is O.K. from an electrical
standpoint. (Some musi-
cians prefer the volume
control on the instrument

for “swell” effects.
Editor) The cable to
these controls is not

shielded, andl when tried
it made no difference and
so may be omitted.

The A.C. switch wires
and tone control wire
were run separately from
the other side of the
chassis. 1t 1s most import-
ant that two speakers be
used to realize full power
and tone. 1f you don't be-
lieve it, at least try it
and you'll find yourself
using two. I cannot stress
too much the importance
of making a pictorial dia-
gram, messy as it may be, of where every
condenser and resistor goes in order to
obtain a neat, trouble-free chassis. It’s a lot
easier to change a diagram than a 16
gauge chassis!

The case is made of plywood and covered
with a good grade leatherette, black, put on
with a paper stapling machine. The speak-
ers are mounted on a board 4" smaller all
around than the inside of the case so as
to prevent resonant vibration of the whole
box.

Experimenting showed that the manner
in which the different depths and brilliance
of tone are obtained is due almost solely
to the musical key in which the selection
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| Fow the completed instru-

ment (and its operator)

leoks. Large for a portable,

i improved quality com-

pensares for lesser mobility.

Te designer believes that

the two speakers greatly im-

prove reproduction.

is rendered. Proper use of the tone control
merely serves to modify the effect pro-
duced. One trial is all that is required to
convince even the most doubtful soul. Most
music for this instrument is written in
sharp keys for easy playing. When changed
to any of the proper flat keys the difference
is really startling.

All that is necessary to duplicate profes-
sional artists is to use the same key and
tuning.

This note on the musical side is just as
important as the construction notes for no
matter how painstakingly and well the in-
strument is made it cannot be made to per-
form as it should unless properly used by
the performer.

BOTTOM VIEW
(HoLe rFoRr PICK-UP)

Copsfrucﬁon of the guitar body. This should be a simple matter for any handy workman, but }f is wo_r_fh
noting that the impression made by the instrument will depend almost as much ow its appearance as sound.
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A Magnetic Recorder '

Uses Supersonic Method for

Wire Recording

MAGNETIC wire recorder. an

electronic machine for recording

voice and music on wire about the

size of a human hair, is one of the
post-war “wonders” that most any radio
amateur or repairman can build from the
spare parts laying around his shop.

The principle involved in wire recording
is not new. It was invented in 1898 by
Valdemar Poulsen, a Danish scientist, and
since then has been improved and simpli-
fied. Wire recording has been more exten-
sively used in Europe than in America.
The machine can be used for office dicta-
tion, making oral notes in a laboratory, re-
cording pilot’s weather observations, as
well as home entertainment.

The amplifier used may be any conven-
tional circuit capable of 5 10 10 watts out-
put with a few modifications and the addi-
tion of a low frequency oscillator. The os-
cillator may be on a separate chassis if nec-
essary. The recording head, which is also
the reproducer, can be constructed from old
audio transformer laminations which must
be filed to fit the coil being used in the
head. The coil can be found in old magnetic

—

BB A-RECORDING HERD the
8- ERASE COIL

phonograph pick-ups
or magnetic speak
ers.

The wire puller,
the spool that winds
the wire, 1is best
powered bv an old
electric  phonograph

motor. The spools
or reels on which
the wire is wound
can be cut out of solid wood or laminated
boards. The wire guides should be of non-
magnetic material such as pulleys taken
from old radio dial assemblies. These com-
ponents may be mounted in any number of
ways to suit the individual builder.

The wire used for recording must be a
steel wire with 5- to 9-tenths of one per
cent carbon content. I have used piano wire
014 inch in diameter and smaller. The
smaller the wire the better the quality.

1 made the amplifier first. So from now
on I'll discuss the building of this machine
piece by piece. In the hottom of my junk
box I found an old radio chassis which
measures 10 by 16 by 3 inches. IFirst | built
the power supply which consisted of «
power transformer
capable of deliver-
ing 120 mils at 350
volts DC. Then |
built a conventional
line-of-four-tubes
amplifier following.
The only difference
in this amplifier irom
conventional circuits
is the addition of an
audio filter inserted
between the pre-am-
plifier and the driver
tube. The filter is
to atienuate the low
frequency signal.

Left — Recording on

magnetic  wire.
Arrows show direz-
tion of wire travel.

AUDIO FILTER
C7¢ ==-CI10

ci2 Cla

il

b N7 7|6L6

E M AAALALS
E4 o
& Q

m..u‘l
E)
=
0%
o

Pl 1

[T |

==ci8 cl7ﬁL éERZI ﬁ
1 |

The complete set-up. Stroboscope is permanent part of the apparatus.

This filter consists of a resistance-capacity-
inductance network.

The resistor is comnected between the
second stage coupling condenser and the
driver. This consists of two 4,000 ohm re
sistors in series shunted with an .006 con-
denser, with a 125 millihenry choke con-
nected from between the 4,000-ohm resist-
ors to ground. Two of these are inserted
in series. There is a switch between
this control and ground. It is followed by
2 second identical network. A secoud coup-
ling condenser isolates the filter from the
grid of the following tube. This filter 1s
used only when recording, the rwitches
being opened when playing back. The set-
ting of the controls when recording is
found by experiment. 1f there appears to
be too much bass tone in playing back it
will be necessary to set the controls for
less resistance in the circuit when recording.

The output of the amplifier is fed
through a 0.25 mid. condenser, Cl4, and a
selector switch which connects to a pick-up
coil on the oscillator when recording. When
playing back the selector switch grounds
the oscillator pick-up coil and connects the
output to the voice coil of the speaker.
For recording the magnetic pick-up 1s con-
nected across the oscillator pick-up coil to
ground. The magnetic recorder head is con-
nected by a selector switch from the mput
1o the output of the amplifier, depending on
whether vou are recording or reproducing.
The complete circuit appears in Fig. 1.

The oscillator circnit is a conventional
Hartley. The oscillator coil is wound on a
form 3 inches in diameter and 334 inches
long. The primary has 260 turns of No. 33
S.S.E. closely wound. | tapped the coil at
45 turns and then at every fifth turn up to
80 1urns. The plate supply is fed into one
of these taps. |1 found that my oscillator
worked best connected to the third tap. At
the terminations of the windings 1 used
some 2-56 screws as terminals. T applied a
good liberal coating of coil dope. After this
dried 1 wound the second coil L2, or No. |
secondary. This is the coil used in the
audio circuit in recording. This coil con-
sists of 27 turns which are also hrought to
two 2-36 screws as terminals. After dop-
ing this winding and allowing it to dry |
wound the second secondary, L3, which has
120 turns terminated in the same manner as
the previous windings. This second second-
ary is the pick up coil for the erase coil.
L4. Both secondaries are wound with old
No. 32 enamel wire taken from an old
speaker field coil. The oscillator is tuned
with an .01 mica condenser and should pro-
duce a signal between 27 and 30 Kc. The
action of this supersonic frequency added
to the signal current is not well understood,

(Continued on page 32)
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Front view of typical Central Station panel.

Rear of panel. Letters are explainec in text.

REMOTE JUKE BOXES

Principles and Details of Automatic Coin Phonographs

HILE the use of teleplione

lines for distribution of music

is not new, the following article

is written to clear up some of

the mystery of that type of “Juke Box”

wlhere you are asked for the name of vour

selection and do not have to push a button.

In the first place, the building wlere the

main equipment is located, is known as the

Central Office. The place where the **Juke

Box” is located is called the Remote Sta-

tion. As the reader proceeds the usc of the

ahove two terms will be used to designate
the two locations.

The speech equipment at the Central
Ofiice consists of : 1. The metal rack ahout
five feet high, divided into two sections.
The entire rack is known as the Board.
Each Board consists of ten complete units.
Each unit controls a remote station location.
FFig. 1 shows a front view of the Board. On
top of the Board is a wire rack, into which
approximately 1000 phonograph records can
be inserted. At the bottom of the Board can
be seen another wire rack which lolds
another 1000 phonograph records. This al-
lows the operator to have uny record she
may have to use at her finger tips on the
instant it is asked for.

Beginning at the left in Fig. 1 are seen
two dials set one ubove the other. Each
dial is calibrated left 1o right irom zero
1o twenty. These are the dials which light
up and show the number of coins inserted
at the Remote Station. A stepping relav is
used to operate a pointer on this dial. Be-
tween the two dials and on either side can
be seen the coin coumting relays that record
the number of coins inserted continuously.
To the left of each dial can be seen push
huttons which control a buzzer to notif;
the operator that a coin has been inserted
in case the stepping relay fails to operate.
To the right is the permanent magnet moni
tor loud-speaker which is used to check the
quality of the program and also can be used
to hear what the person at the Remote Lo-
cation has to _say in case the operator’s
headset fails. Directly underneath is a tog-

Figs. 3 and 4, right—Front and rear views of
the remote station. Some special parfs, de-
scribed in the text, are seen in the rear view

gle switch which turns the power on and off
for two compleie units. To the right and
just below ihe monitor speaker are two
push-buttons. The top push-button connects
the monitor speaker to the output of the
monitor amplifier for the top turn-table and
the bottom push-button connects it to the
monitor amplificr for the bottom 1urn-table.
When not in use a dummy five olin load is
cut in across each amplifier outpur.

There are two phonograph turntables with
cach section, cach one heing associated with
a Remote Station. These turntables are
powered by sturdy, variable speed motors
and are equipped with an electric stop. The
operator merely puts the record on the
turntable platier and moves the pickup arn
to the right until a click is heard. By the
time she has the pickup on the record the

ALl

FIG.3
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turntable is up to speed. These turntables
require very little servicing. They are
checked regularly once a week iith a neon
lamp and a stroboscopic disc for speed.
They have no brushes and can be made
to operate on 220 valts A.C. b change
in the strapping of the motor windings.

At the right and in the middle of each
turntable is a triple-pole, double-throw
switch. This switch is used to operate a
talk-back system to the Remote Station
after it has signalled the operator by means
of the stepping relay or buzzer. When
pulled forward, it connects a two-stage
microphone pre-amplifier into the cirenit.
The amplifier consists of a 6S]7 pentode,
capacity-coupled to a 6J5 triode, with a
volume control between the two tubes. The

(Continued on page 39)




recently found it necessary to build my

own signal tracer. As is usually the

case now-a-days, parts specified were

not immediately available. 1 did, how-
ever, have a two-stage TRF midget re-
ceiver on fiand with a burnt-out 25Z5 rec-
tifier which looked promising. From the
demand for 25Z5's many such receivers
must be laying around.

As 1 wanted more than just a signal
tracer I decided to substitute a 60 Ma
transformer with an

SIGNAL TRACER-PLUS

This Instrument Is Also A Condenser Checker And Multitester

set being tested. If the receiver’s audio
section is OK the signal will appear in the
receiver’s loud-speaker. If not, the probe
can be moved from tube to tute and the
trouble isolated.

THE R.F. TUNER

In order to avoid controls the regular
2-gang tnni.ng condenser was removed and
an old oscillator padder condenser insert-

80 rectifier to pro- = = -
Vide]afsmal{ power L._I 6KT_1o0ust Mica 647  100ut e 2516
supply for other test- : |~
ing work | wanted 2" I ‘ -
to carry out. The ‘ b
tester as it now :g Lhe 1 | 8
stands  contains a il MIET | [
signal tracer with an 3 o% 828 [Zo
R.F. and AF. pick- 2 82203 32 j
up as well as an i b 1 . — I
A.F. output for ap- }o——-‘lw . S Ty T
plication to any R.F INPUT
audio secltion of Ia Orrmrurit i’ - T
radio under test. It | ) 23 |
also contains a Volt- Spp—— ¥g © 5
Olimmeter and a con- 8 ~ e
denser tester. Some o us v [ 3
future day 1 expect ig /r / -
to add a Vacuum NEON E33 i s T
Tube Voltmeter. 1 \ i"'o s -
The tester is hous- - ] 8% §.£ 4 8 g%
ed in a sloping front OvocF onws] L ﬂﬁswb EE B TA
cabinet made of %4- e ) 5 NG T
inch plywood, 1215 = - ¥
inches high, 11 inches — —— S = J

deep and 9 inches
wide. The front
straight drop at the
bottom is 4 inches. This allows for a sub
base with the tracer under it. The front
panel is made of tempered masonite 9 x 12
inches.

When the tracer is used as an A.F.
generator, a tuned coil and condenser is
connected to the grid of the 6K7 by means
of a SPDT switch located at the back of
the tester, and an acrial is connected to the
aerial pin jack in the front of the receiver.
The available A.F. signal can be applied
to any audio tube grid or plate of the

Photo |—Rear view of the tracer and multi-

Two distinct instruments with one power supply are combined here.

ed across the secondary of a regular TRY
coil. The padder was adjusted to a strong
local station and once set need never be
readjusted. This assures a signal at all
times in the A F. output jack, for tests on
audio systems.

The untuned 6J7 is wired as a biased
detector. This gives much more gain than
the diode circuits mostly used for detectors.
It handles the signal very well without
overloading.

(Continued on page 40)

tester. 2—Front view of the instrument. 3—Another rear view, showing neon condenser tester.
4—Under-chassis layout (one tube not used). 5 and &—Construction of test prods.
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“STATION RIDING”

HE term “Station riding” was first

heard by the writer in San Francisco

in 1930. 1t was used by radio techni-

cians of the Bay City to describe a
type of radio interference very prevalent in
that area. Station riding is the type of in-
terference that allows an unwanted signal
to “ride” the carrier of a wanted signal
When a signal is tuned in on a radio re-
ceiver and station riding is present, two or
more signals are heard at the same time.
When the receiver is de-

larger is the number of radiated beats.
When several signals are rectified in this
fashion, nearby receivers may pick up
jumbled signals every few kilocycles on
the receiver tuning range.

In one instance, the writer was called to
diagnose a case where the listener com-
plained that the radio was unusable. It was
found that half a dozen mixed signals were
being received every ten kilocycles through-
out the broadcast band. Every carrier in-

the top piece of conduit and the switch box
apparently caused rectification of radio sig-
nals. (Fig. 2.) Tightening the conduit to
the box cleared the trouble.

Another case of severe station riding
occurred with a popular brand multi-tube
veceiver which was normally quite selective.
The receiver was located less than one
quarter of a mile from a five-kilowatt
broadcast station. This station did not
cause interference, but a ten-kilowatt sta-
tion fifteen miles away
rode every signal that

tuned, neither the desired
nor the undesired signals
are heard. In the case
of a broad tuning or
non-selective receiver, in-
terfering signals are usu-
ally heard between sta-
tions. Station riding af-
fects highly selective ra-
dio receivers as well as

Among the most serious problems faced by the
serviceman are those arising from cross-modu-
lation, an effect produced entirely outside the set
itself. A description of this type of interlerence
and some of the means of curing it are given.

could be tuned in on the
broadcast band. The writ-
er tried every trick in the
bag including a check of
the house wiring. One
peculiar condition of this
case was the fact that the
interference ceased every
day between the hours of
noon and one P. M, ap-

recetvers with poor se-
lectivity characteristics.

To rid the receiver of this annoying in-
terference, many schemes were tested.
Changing the antenna, a better ground
connection, wave traps, etc., were tried.
These methods often reduced or eliminated
the interference. In other cases, the source
of interference had to be located and the
remedy applied at the source.

The source of station riding is usually
hard to locate unless a radio interference
locating device or a sensitive portable radio
receiver is used. Typical causes of station
riding are poor electrical contact between
sheets of metal on a metal roof, two pipes
touching but not making good electrical
contact, antenna touching metal drain pipe.
poor electrical contact at splices on guy
wires attached to antenna mast or metal
chimney, or almost any mass of metal mak-
ing poor electrical contact to another mass
of metal. (Fig. 1). The theory that has
been advanced on the cause of this station
riding claims that rectification of strong
radio signals takes place at the point of
poor electrical contact. When two or more
radio signals are rectified at these points,
their sum and difference frequencies are
radiated by the metal objects. The more

cluding the high power local stations, was
accompanied by half a dozen interfering
signals. Line filters and wave traps were
tried to no avail. Being a loop antenna type
recciver, an outdoor antenna and ground
were tried. The owner felt that it must be
the fault of the radio receiver. One of an-
other make was tried and the results were
found to be just as bad.

TRACKING DOWN THE TROUBLE

Armed with a portable receiver (which
also suffered from the same interference),
the writer followed the power lines in front
of the house and found the interference
strongest when directly under the wires.
The power lines were followed to their
termination in the next block at a construc-
tion company tool shack. A switch box was
located on the wall of the shack. The wires
were fed to the switch box through a ver-
tical piece of conduit. From the bottom of
the switch box, another short piece of con-
duit terminated in an outlet box. This lower
piece of conduit was grounded. Upon ex-
amining the switch box, the writer slammed
its door shut. The interference ceased. Mov-
ing the conduit caused the interference to

parently due to load
changes on nearby power lines. Since the
radio was one of a very popular brand,
the distributor was anxious to keep it sold,
so a factory engineer was dispatched to the
scene. He foo tried every trick he knew in-
cluding the replacement of the built-in loop
antenna with an antenna transformer and
an outdoor vertical rod antenna. Nothing
seemed to reduce the interference, so the
dealer who had sold the radio exchanged
it for one of another make. This receiver
worked fine without a trace of station
riding. The first receiver used variable
capacitor tuning and the second receiver
used permeability tuning. However, this
proves nothing as in other locations re-
ceivers with permealility tuning suffered
from station riding just as badly as those
with capacitor tuning.

BY-PASSING THE LINE

Still ancther case. This radio receiver
was one of good design with exceptionally
good selectivity, but it too suffered from
severe station riding. The writer found
that running a short ground lead to the
grounded side of the A.C. line at the out-

signals that are picked up and rectified, the reappcar. Poor electrical contact between (Continued on page 42)
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Fig. |—Mixer stage of simple superheterodyne

HOW TO TRACK
THE SUPERHET

UMEROUS abanddned sets are now

being modernized and put into ac-

tion, often by “cannibalizing” parts

from other radios; TRF’s are being
turned into supers; and no few constructors
are “rolling their own,” in some cases wind-
ing their own coils. in others taking them
from old receivers.

Too many of these amateur engineers
get unexpected results from their completed
jobs. Some of their receivers bring in sta-
tions at one end of the dial only, others
tune correctly on the high frequencies,
while stations are far from their correct
markings on the lower ones. The opposite
trouble may be found, or all stations may
be faint and crowded together in one smalil
section of the dial. The constructors are
often sorely puzzled.

The reason for their troubles is that a
superheterodyne includes two distinct cir-
cuits tuned to different frequencies. These
frequencies must be a definite distance apart
at all points on the dial. Unless a set is
carefully constructed and adjusted, this dis-
tance is not maintained—the set does not
track—and such stations as are tuned in are
the result of accident, when the orbits of
the two circuits cross each other or
come close enough to permit reception.

MIXERS AND MIXING

In its simplest form, a super starts out
with a mixer tube, which is really two tubes
in one envelope. See Fig. 1. One section of
this tube (cathode, grid 4 and plate) acts
like an ordinary R.F. amplifier, The coil
and condenser connected to it are tuned to
the frequency of the station received. The
other section (grids 1 and 2) acts like a

Fig. 3—Most supers use padders, which may
be represented in one of the styles above.

10

triode, and is connected in an oscillatory
circuit tuned to a frequency usually higher
by a definite number of kilocycles than the
station being received. The screen-grid and
plate circuits are shared by both sections
of the tube. Consequently two R.F. currents
flow in the plate circuit. One of these is
at the frequency of the station being re-
ceived, the other at the frequency of the
“local” oscillator. These two are truly
mixed in the plate circuit. The main result
of the mixing is the appearance of a third
frequency, which is equal to the arithmetical
difference of the other two, and changes in
strength with any variation in either of
them. The siepal from the oscillator section
is fairly constant—that from grid 4 is mod-
ulated by the broadcast station, so the
difference frequency (or beat frequency)
is similarly modulated. An I. F. transformer
in the plate circuit is tuned to the frequency
of this modulated signal, and rejects or
shorts the others,

If the difference frequency is 455 Kc (as
on many modern supers) and the I.F. trans-
formers are tuned to that frequency, it is
apparent that the oscillator must be tuned
to 455 Kec. above the frequency of the sta-
tion to be received. (Tt could be 455 below,
at the cost of making tracking problems
worse.) To receive a station at 600 Kc.,
the oscillator must be tuned to 1055 to
produce the correct “beat” frequency for
the sharply-tuned I.F. transformers. If the
R.F. section is tuned to 650 Kc., very little
of the 600-Kc. signal will get through to the
control-grid of the mixer and weak or no
reception will result. The R.F. must keep
in step with the oscillator. and 455 Ke.
below it, all across the dial, for satisfactory
reception.

WHERE THE TROUBLE LIES

These two circuits are usually tuned by
one ‘“gang condenser,” so it is necessary
that they be designed to “track” closely to-
gether. This is not easy. In a TRF set, all
stages are tuned to the same frequency at
the same time, and the only problem is to
make all coils the same size. The two cir-
cuits of the super must be tuned to 1wo
different frequencies, and the difference be-
tween them must remain the same over the
whole dial.

Fig. 2—Fiist attack on the tracking problem

The difficulty is illustrated in Fig. 2.
Curve A is made with a 365 (maximum)
micromicrofarad variable condenser and a
230 microhenry coil. The frequency is 550
Ke. with the condenser at 365 mmf and
1450 at 50 mmf. The oscillator circuit of
the set must be so designed that, at any
given setting, the oscillator frequency is 455
Kc. higher than the corrcsponding resonant
frequency of the R.F. circuit.

A capacity-inductance table shows that to
tune to 550 plus 455 Kc. with a 365 mmf.
condenser requires a coil of 70 mH. (Values
are approximate, having been taken with a
table and a slide-rule, but are accurate
enough for our purposes). When the con-
denser is turned down to 50 mmf, the
resonant frequency of this combination is
2500 Kc., not the 1905 we would like to
have (See curve B, made by subtracting
455 Kc. from the curve of the 70 mH-365
mmf combination, to show how close it
comes to perfect tracking.) Only one or
two stations close to 550 Kc. could be re-
ceived with such a combination.

The attack might be made from the
other end—the high-frequency one. To tune
to 1450 Kc. with 50 mmf capacity requires
a 144 mH coil. Curve C—made the same as
curve B—shows how that would work out.
Constructors who received only high-fre-
quency stations on their radios will see
what caused their troubles.

HOW TO MAKE CIRCUITS TRACK

The trick is to find some means of mak-
ing the oscillator tuning curve lie exactly
455 Kc. above that of the R.F. coil-con-
denser combination. Experience with super-
heterodynes has already taught us that this
:an_be accomplished by means of semi-
variable condensers. An ordinary trimmer
would be of little value to us, -as can be
seen from curve C. To make the oscillator
track at 1450 Kc. would require almost
exactly 50 mmf. trimmer capacity. Should
we add that capacity by screwing down the
trimmer on the oscillator section of the
condenser gang (supposing we had such a
big trimmer) curve B would merely be
lowered by 50 mmf. right across the chart,
Tuning would be out by 50 mmf. at 550
instead of 1450 Kc.

There is another adjustable condenser
on most superheterodynes—the padder.
This is in series with the oscillator variable
condenser. Fig. 3-a shows the arrangement.
It does not always look so simple. The
padder on the broadcast band is usually
made up of a fixed mica condenser with a
trimmer shunting it, and schematics some-
times look like Fig. 3-b. The padder is 1;
the oscillator section of the gang, 2; the
layge trimmer across the padder, 3: and the
trimmer on the gang, 4. The circuit is only

(Continued on following page)
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that of Fig. 3-a with a trimmer across
padder and another one across tuner.

HOW THE PADDER WORKS

If two condensers are connected in series
their joint capacity is smaller than that of
the smaller one. This capacity cannot he
arrived at by simple addition, but is ex-
pressed by the formula:

”»
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Fig. 4—Curve obtained by use of a padder

1 1 1

~

C: C.  C resultant

With this formula we can select a
padder that will make the 144 mH coil and
365 mmf. condenser track at the low-fre-
quency end of the band. According to the
coil table, 176 mmf. is needed. Subtracting
1/365 from 1/176

1 i 1
(0 =—)

T C. C,
mately as the reciprocal of the padder size.
Using a 350 mmf. padder. we get curve D
(Fig. 4). A is our original R.F. tuning
curve. Note that the padder throws tuning
off only slightly at the high-frequency end.
where it is much larger than the tuning
capacity.

This is a great improvement., A set so
lined up would work. though signals would
be weak in the 650-850 Ke. region. Tt might
be more effective to make the coil a little
smaller, so that the two curves would co-
incide near the middle of the band. The
padding condenser could then be made a
little bigger to brine the curves together
at some point near 600 K¢. and the trimmer
could he adjusted to bring them together
near 1400.

Bv varving the size of the coil, the pad-
der and trimmer, it is possible to have the
frequencies of the two coils in exactly the
right relation at three noints—near the top,
middle and bottom of the band. and to strav
verv little at anv intermediate noint. Fig. §
is made with a 130 mH coil and a 390 mmf.
padding condenser. The tracking is almost
perfect from 600 to 900. From there the
two curves spread slowlv anart. The trim-
mer can be adjusted at 1400 to bring them
exactly together.

Because of the padder. a change in the
trimmer canacitv will not throw the tuning
out as much at low-freauency noints as it
would in circuits without a padder. Tt re-
auires about 9 mmf. to bring the two curves
together at 1400 Ke. At 800. this extra
capacity makes a difference of a little less
than 5 mmf.. and its influence rapidly dis-
appears as the condenser is turned still
further “in.”

Tn actual practice. with two adiustments
of trimmer and padder, the two curves can
be kept close together practically from one
end of the dial to the other.

gives 1/350 approxi-

THE PRACTICAL METHOD

The foregoine discussion is of little help
to the person who has a set which fails to
track, except as it acauaints him with the
reasons for his difficulties. Fortunatelv. it
is even easier to trim up a set of coils than
to read about why they need such trimming.

All that is necessary is to free from the
calibrated tuning dial all cireuils but the
one you are interested in at the moment.
Each circuit is thus adjusted independently
of the others.

The first step is to be sure that the 1.F.
is correct. This requires aligrment with a
good signal generator. (If you have none,
have a serviceman do the job.) The signal
generator is also useful in adjusting the
coils, but not absolutely necessary, if you
can identify a number of stations in differ-
ent parts of the band. All that is needed is
a variable condenser of capacity approxi-
mating that of one of the sections of the
gang in the set.

Mount the new condenser firmly on some
part of the chassis, or if impractical, make
a good connection from its frame to the
chassis and put it as close to the set as
convenient. Then move the coil and grid
connections from the stator of the R.F. sec-
tion of the gang to the new ‘“independent
variable.” Now the oscillator and the oscil-
lator alone is tuned by the calibrated dial
on the set.

Set the dial at 1400 or thereahouts. and
rotate the independent condenser. If the
oscillator is tuned to a station it will be
picked up at some position of the R.F. tun-
ing condenser. If not, move the dial a de-
gree or two and try again till one is tuned
in. Identify the station and check its dial
marking. If only slightly higlt or low. the
oscillator coil may be the right size. If so,
bring the dial to the correct point with the
trimmer, then turn to a station near 600
Kc. and adjust again, as in ordinary set
alignment.

ADJUSTING THE OSCILLATOR

If the oscillator coil is too large, stations
will tune in at much too high a figure
on the dial—if too small, at too low a figure.
Should the coil appear too large or small, it
is a good idea to screw the padder down
pretty well, tune in a station hetween 800
and 1,000 Kc.,, and add or take off turns
till the dial reads correctly. Tlien tune in a
station near 1400 and adjust the trimmer
till the dial is correct, afterward wuning in
a station near 600 Kc. and adjusting the

padder till the dial is also correct on it.
Tune over the dial again, retrim and repad,
possibly adding or taking off another turn
or two for uniform tracking. Check again
to see that all stations come in on the right
dial setting.

To adjust the R.F. section, move the
leads from the stator of the oscillator sec-
tion of the gang to the independent con-
denser and put the R.F. leads back in thei:
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Fig. 5—Padder & Trimmer make a good curve

place. You will see now why the curves
do not have to lie exactly on top of each
other. The R.F. section tunes rather broad-
ly. Turning it a degree or so off maximum
signal makes little difference in the strength.

Bring in the station near 1400 with the
independent condenser and note whether the
R.F. circuit is nearly correct or not. If
reasonably close, adjust to the exact point
witk the trimmer and move up to the station
near 600. If it is not loudest at its proper
dial setting, add or take off turns till it also
tunes in at exactly the right place. Correct-
ing the R.F. section is easy compared to
getting the oscillator lined up.

Bad tracking may occur because of
wrong-size padding condensers rather than
coils. If the padder is too large, stations wil’
be crowded and displaced toward the high-
frequency end of the dial, only those near
that end being tuned in near their correc
dial markings. If too small, the displace-
ment is in the other direction, and stations
are spread apart. A larger or smaller pad-
ding condenser is the remedy, of course.

Once the reasons for its action are under-
stood a rebuilt super is not hard to adjust.
If you follow the above method you can
even wind your own coils with a fair
chance of success.

New Idea In Detector Circuits

H ERE is a receiver that brings in all
kinds of distance with plenty of volume
using but two tubes. Constructed from
easily obtainable parts, I have received con-
sistently stations within 100 miles by day
and stations in Salt Lake, Denver, Portland,
etc., by night, all with unbelievable volume,
and sharp tuning. I use a 12 ft. indoor
antenna.

The idea for this set was suggested by a
patent (U. S. 2,346,545) on a new way
of using a pentode tube. This showed a cir-
cuit in which the suppressor of an ordinary
vacuum tube acted as a diode detector, while
the tube still acted as an R.F. amplifier. I
became interested in the circuit immediately,
and built up and tore down several experi-
mental models before arriving at this “final”
design.

The schematic is simple. The first stage
is unusual. The incoming R.F. signal com-
ing through the first transformer, L1 (I
used an iron core transformer with un-
tuned secondary), is impressed upon the
6]J7G. The amplified signal across the tuned
plate circuit, L2, is impressed upon the
suppressor (through a condenser).

The suprressor acts as a diode and cur-
rent flows through the fixed and variable
resistors, the voltage drop across the latter
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being placed on the control grid to vary its
average hias. The 6J7 therefore now ampli-
fies at audio frequency, the output being
across the 20 henry choke.

Coils [.1 and L2 are ordinary broadcast
coils of the iron-core type. The primary
was removed from L2,

Note that the 2.5 mh choke prevents the
passage of R.F., while the 100 mmf
condenser prevents passage of A.F. The
second itube acts as A.F. amplifier anc
power rectifier. I find it advisable to use a
trimmer in the plate tuning circuit.

Because of the multiple action of the
first tube, this set is really hot!
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Top and under-chassis views of the Electronic Metronome.

Pt A o

Electronic Metronome

HIS electronic metronome will be
found very handy for all students of
music, especially now when it is al-

most impossible to buy an ordinary
metronome. It works on the principle of the
multivibrator, in that it distorts the wave
shape to produce a multitude of harmonics.
A multivibrator is essentially a two-stage
resistance-coupled audio amplifier with the
second stage coupled back to the first. Bs
varying the size of the coupling condensers

. |—Fundamental circuit of the Jofac

and grid resistors, oscillations—varying in
frequency from the supersonic range to one
or so per minute—can be produced. This in-
strument 1s so constructed that two fre-
quency ranges are available, one in the
range required for a metronome; the other
suitable for a code practise oscillator.

The principle may be easily understood
from Fig. On the metronome range,
audio output from the 6J7 is fed to the
6C5 grid. The 6C5 output is fed through a
0.5 mfd. coupling condenser back to the 6J7
grid through a condenser of equal size.

Variable 3-megohm grid resistors are
provided. The frequency depends on the
natural discharge rate of the resistor-con-
denser combinations, and if necessary can
be calculated by the formula: 1/(RgC+
R’'gC’) cycles per second. Rg, C, and R'g

12

and C’ are the blocking condensers and
grid resistors of the first and second tubes
respectively.

The 6J7 is connected also as an ordinary
grid-tickler type radio-frequency oscillator,
with one exception. The lower end of the
grid coil returns to ground through a high
resistance. When, as part of the multi-
vibrator, the 6J7 is conducting, it oscillates
at a broadcast frequency, determined by L,
and C,. Pulses of R.F. are thus sent out
at the multivibrator frequency.

The coil Li, L, is an ordinary broadcast
antenna coil; the low-impedance aerial
winding is L., the grid-tickler winding. If
this type of coil is unobtainable, you can
wind your own, on a coil form 114 inches
in diameter. Wind 90 to 110 turns of No.
28 wire on this. The grid-tickler is com-
posed of fifteen to twenty turns of No. 30
or 32 wire. This should function satisfac-
torily with the two trimmer condensers in
parallel, which serve as the tuning conden-
ser, Ci, for the R.F. oscillator. No antenna
i1s necessary, as there is sufficient radiation
from this coil.

The multi-vibrator frequency range is
much greater than can be obtained with a
metronome. With the values shown in the
schematic (Fig. 2) it is possible to obtain
a beat as slow as twenty per minute, By
switching in the .01 condensers. the com-

place of the 6J7 and 6C5. A 6A7 would be
particularly suitable, as you can use the
plate and the No. 4 grid as the R.F. oscil-
lator and the No. | grid for the multi-
vibrator control. A type 76 works very
nicely in conjunction with a 6A7.

Operation of the metronome is simple.
Just turn it on, tune it on your radio like
a wireless phono oscillator, adjust it to the
desired beat, and your radio will click out
the rhythm while you proceed with your
musical practice. One precaution: Be sure
that you are not radiating such a strong
signal that you are creating interference.
The F.C.C. has established a definite ruling
on that matter. There must be absolutely no
tnterference with other radio reception.
This is absolute. Should a neighbor in an
adjoining apartment—say 30 feet away-
hear your metronome or code oscillator
while listening to a local station, your ma
chine is clearly illegal.

A simple formula for determining if
your “transmitter” is illegal or not is:

157,000 £t,

frequency (Kc.)

For example: if a device is operating at
550 Kc., the permissible range is 157,000/-
550 or approximately 285 feet.

plete audio spectrum

20

can be covered.

Q
N

When the .01 con-
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densers are thrown
in the circuit, you
have a code practice
oscillator that is dif-
ferent. A key can be
inserted between the
cathode and ground, L
and any desired tone
can be obtained by
varying the 3-meg-
ohm potentiometer,
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2525
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Any suitable type

tubes can be used in The metronome is

adjustable for wide frequency variations.
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ECONOMY 20-WATTER

ago, partly to maintain the writer’s
reputation and show up some of the
very inferior jobs used in dance-bands,
etc., and partly to see how much power
could be got from how small an amplifier.
The tube line-up is: 65C7 as hrst voltage
amplifier for both crystal microphone and
needle-armature hi-fi pick-up, 6SC7 as
driver and phase inverter,

HIS amplifier was originally de-
I signed and built a couple of years

It may be wondered why electronic mix-
ing is not used as there is a triode section
for each input. This would mean, however,
the placing of each volume control right
at the input—a quite sound arrangement
only if each control is quite free from
noise and can be completely shielded. The
writer has found in practice that the con-
ventional parallel mixer circumit shown is
much better. Theoretically the movement

cut filter is connected across the output.
A variation in capacity is used in place of
a fixed capacity and variable resistance, as
the lack of a resistance gives a sharper
cut-off. The filter is placed at the output
for the same reason, the rise in impedance
of the speaker at the higher frequencies
producing a sharper cut-off. It should be
noted that this tone control is not so much
to control tonal balance as to permit more

pleasant reproduction. If a

a pair of 6N6G’s in class
AB: and a 5V4G rectifier.
Alternative 1tubes are a
pair of 79's followed by a
pair of 6B5’s with an 83V
as rectifier. For those tubes
the circuit constants as
shown in the schematic dia-

High fidelity and plenty of output with a mini-
mum of tubes and components are obtainable
with this circuit, which increases its output by
using direct-coupled dual amplifier tubes.

wider range of control is
required, more points could
be fitted and larger con-
densers used on the switch.
As the voltage between
each output anode and the
chassis consists of the high
voltage (400 volts) togeth-
er with the peak value of

gram need not be chang-
ed. For the output stage,
a pair of 6L6G’s can be used in class AB,,
with the load reduced from 10,000 ohms
to 9000 and the bias resistor increased to
325 ohms. In addition, 2 300 ohm resistor
of 5-watt rating must be connected in
series in the high voltage supply. How-
ever, the 6N6G or 6B5 tubes should be
used if possible as these give superior tonal
quality besides being very noncritical as
regards load impedance (a 100% rise in
load impedance causes less than 5% rise
in power output). )
The power supply is very econpmma]
indeed, as the transformer has a rating ot
only 100 Ma. This is quite enough as the
total no-signal drain is only 92 Ma. for
the whole amplifier and the average drains
on speecch and music are only 95 and 98
Ma. respectively, although peak drains of
about 110 Ma. may be encountered for
periods of about a tenth of a second.

PHASE INVERTER

The phase inverter uses the floating
paraphase system, this giving an auto-
matic near-balance, the *second” output
tube receiving slightly less drive than the
first. Inverse feedback is applied fromn the
primary of the output transformer to the
plate of the driver (first section of the
second 6SC7). This feedback gives a re-
duction in distortion, a reduction in hum
and also a reduction in the unbalance of
the output tubes. The reduction in un-
balance occurs in two ways—first the gen-
eral negative fecdback action reducing the
drive more in one direction than the other,
secondly the bias resistor of the phase in-
verter is not by-passed so that the first
section (working at a higher level than
the other, because of the feedback gain
reduction) drives the second section, there-
by increasing its output.

Between the phono pick-up input and
the grid of the first 6SC7 is a resistance
capacity network giving a bass boost of
approximately 8 db at 100 cycles and 13
db at 50 cycles to compensate for the at-
tenuation of bass in the ordinary lateral
recording. The network has an impedance
of approximately 30,000 ohms at mid-fre-
quencies, that being the load required for
the pick-up employed. Should an ordinary
crystal pick-up be emnployed, then the large
condenser in the network must be shorted
and each resistance increased in value 20
times. For an ordinary magnetic pick-up,
the network can be left as it is for a pro-
nounced bass, or the large condenser can
be bridged by a 3000 ohm resistor for a
more normal approach to bass reproduction.

of the microphone volume control should
slightly change the volume from the pick-
up and vice versa, but in practice the
change is negligible, and is reduced still
further in this amphfier by the tone-com-
pensation resistors connected between the
moving contact and grounded end of each
volume control. These resistors reduce the
bass response at full output to make up
for the ear being relatively more sensitive
to the lower frequencies at high volume
levels and to prevent overload of the
speaker. It is not commonly realized that
the power handling capacity of a speaker
is restricted in the low frequency region.
A speaker capable of handling 30 watts
at 400 cycles may be able to handle only
5 watts at 30 cycles, providing it has the
same efficiency at the lower frequency.
Nothing is more distasteful than the bang-
ing of a speaker diaphragm on the low-
frequency peaks—generally the freer the
suspension and the lower the resonant
frequency, the more liable is the diaphragm
excursion to be excessive.

THE TONE CONTROL

In order that worn records may not
sound too bad and to eliminate some of
the harshness from overpowering vocalists
who hug the microphone, a simple high-

the output signal (about
320 volts), any condenser connected be-
tween the output anode and chassis is liable
to breakdown. Greater reliability is obtain-
ed by connecting 600-volt condensers in
series as shown so that there are always
at least two condensers in circuit, giving
a minimum working voltage of 1200, an
ample safety rating.

To handle the 20 watts output without
excessive weight a model TX Amplion
speaker transformer is used. Alternative
types are available in the Rola range and
no doubt American enthusiasts can find
dozens of suitable brands. The transformer
is mounted on the chassis so that there is
no high voltage between the speaker leads,
which are run at voice-coil impedance
(12.5 ohms in this case). There are two
12.5 ohm outlets (connection is made by
UX sockets at the back of the chassis)
so the output transformer is wound with
a 6.25-ohm secondary. A pair of terminals
on the front of the chassis go to this
6.25 ohms winding so that leads can be
run to a booster amplifier or to a pair of
public address horns, should the constructor
so desire.

The speakers normally used are a couple
of 12P64 Amplions, each being capable
of handling the 20 watts output by itself.
Alternatively a single Rola Gl2 permag,
can be connected to the terminals on the
(Continued on page 32)
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The 6N& output stage is actually two cascaded stages. A self-balancing inverter is employed.
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CAPACITESTER

This instrument will test a condenser in position, with-

out disconnecting its leads,

termittent opens. A “must”

and will also show up in-

instrument for radiomen.

HE condenser quality tester de-
scribed in this article is the result
of considerable experiment and de-
sign and it has the following advan-
tages: (1) Checks the quality of the con-
denser while connected in the circuit. (2)
Positive indication with no charts or fig-
uring. (3) Ease of operation using ordinary
test prods, no shielded wires or awkward
terminal connections. (4) Provision to test
resistance or voltage across the condenser,
simultaneously with the quality test. (5)
A locking circuit which could be used in
cases where the tester had to remain across
a suspected condenser for a period of time
and would give a positive indication with-
out the necessity of the operator constantly
watching the indicator. (6) Low cost, easy
construction and economical operation.

T

CHOICE OF CIRCUIT

The circuit decided upon consists of a 76
oscillator, link coupled to a tuned circuit,
both operating at eighteen hundred kilo-

—

the grid of a 6E5 tuning indicator tube.

Since the link circuit is carrying radio
frequency at low potential, any resistance
or reactance in series with it will lower the
energy transfer from the oscillator to the
tuned circuit. The frequency chosen,
1800 kilocycles, will encounter a re-
actance of approximately 10 ohms when
apolied in series with a .01 mfd. condenser.
Most condensers used in radios and associ
ated circuits have capacities greater than
this. It follows that their reactance will be
less. Since the values of resistances used
in radios are generally 200 ohms or greater,
if a .01 mfd. condenser is placed across a
200 ohm resistor and this combination tested
by this instrument, taking the energy trans-
fer to represent 100 per cent, it will be
found that 95 per cent passes through the
condenser and only five per cent through
the resistor. Therefore if the condenser
should open circuit there will be a loss of
95 per cent of the energy transfer in the
link circuit.

In a case where the resistance is devel-

|

cycles. The link circuit is broken on one
side and brought out to pin tip jacks. The
tuned circuit is connected to a 6B7 pentode
section. The outpyt of the pentode section
is ‘rectified in ‘the diode section and the
negative potential developed is applied to

14
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oped internally in the condenser (contac!
resistance as it is generally called) the
energy transference loss will be governed
by the voltage drop across this resistance.
It can readily be seen that the resistance or
reactance connected acress the condenser

Front and under-chassis views of the capaci-
tester, used for dynamic checks on condensers

is so much higher than the reactance of the
condenser itself, that it may for all practi-
cal purposes be disregarded. Any internal
resistance or contact resistance in the con-
denser itself will reduce the energy transfer
in direct proportion to the amount of re-
sistance developed.

The locking part of the circuit is as fol-
lows. The negative bias used to close the
6ES5 tube’s shadow is also applied to the grid
of a 6F5 used as the locking tube. Its plate
1s connected through a toggle switch to one
side of the secondary of a three to one
ratio, audio transformer. The primary of
the transformer is connected to the A.C.
line connections across the regular power
transformer. The ground return of the sec-
ondary goes through a 500,000 ohm resistor.

It takes approximately eight volts nega-
tive bias to completely close the shadow on
the 6E5 magic eye tube and this same volt-
age is anplied to the grid of the 6F5. Due
to the tube’s high mutual conductance it is
biased to plate current cutoff. However, if
there is any failure of the energy transfer
link circuit caused by the condenser under
test opening or the circuit being opened in
any way, there is no longer any radio fre-
quency flowing through the circuit. The re-
sult is with no radio frequency to amplify
and rectify in the tuned circuit, the grid
bias falls to zero potential on both the indi
cator and locking tube grids. the indicator
tube’s shadow opens wide and the locking
tube passes plate current the negative com-
ponent of which is applied to the grid of the
6B7 pentode section stopping it from ampli-
fying any further even if the energy trans-
fer link circuit should be closed again.
Therefore the indicator tube’s shadow re-
mains locked open until the switch in the
plate circuit of the 6F5 tube is opened, al-
lowing the other circuits to operate nor-
mally again.

CONSTRUCTING THE CHECKER

A chassis nine by twelve inches was used.
A panel twelve by eight inches is mounted
on one side with the indicator tube located
in the upper center, the gain control and

(Continued on page 34)
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Matching Loudspeakers

How to Attach Unlike Speakers to Cne Output Transformer

man—up to a certain point. When

two speakers of unequal impedance
are to be attached to the same amplifier, this
understanding is not so general. And if the
speakers are of unequal wattage rating as
well as voice-coil impedance—each one to
receive its correct proportion of the total
power—few radio servicemen indeed can
toss off an answer to the problem. More
than one compromise installation is the
result of their inability to do so.

As a simple example: We need to con-
nect a pair of 5-watt speakers with 16-ohm
voice coils and one 20-watt speaker with
an 8-ohm voice coil to a 30-watt amplifier.
How are we going to hook up the speakers
so that the power will be properly distrib-
uted? Remember that the speakers have
to be connected across the secondary of a
universal output transformer, and the
speaker load must be properly matched to
that required by the tubes.

The problem is not too difficult. One of
the reasons so many radiomen are stumped
by it is that they have learned too much
about matching. They cannot imagine at-
taching an 8-ohm voice coil to anything
but an 8-ohm tap. If it becomes necessary
to hook a monitoring speaker across the
500-ohm line, they do it with dark fore-
bodings as to what might happen at the
other end. It is necessary to forget all that.
If we are going to connect several speak-
ers to the same winding, obviously we can-
not proceed as if we had only one, and that
means we can’t “match” tap and speaker
ohm and ohm.

HE technique of speaker matching
I ' is well understood by every radio-

TRANSFORMER CALCULATIONS

The chief reason for an output trans-
former is to match the impedance of the
output tubes’ plate circuit (usually between
2,000 and 10,000 ohms) to that of the speak-
ers’ voice coils (commonly between 2 and
16 ohms). If the voice-coil impedance is 6
ohms and that required by the output plate
circuit—for best results—is 6,000 ohins, the
impedance ratio is 1,000 to 1. The voltage
ratio is the square root of the impedance
ratio, or in mathematical terms:
\/Zx/zz'——Eh/Eb.

Our specimen transformer then has a
voltage step-down of V1,000, or about 31.5.
It is likely to have about 2,000 to 3,000
turns of wire on its primary and from 60 to
90 turns on its secondary.

The impedances of a universal output
transformer are usually marked, but the
turns or voltage ratios are not. Our only
interest in these voltage ratios is that they
help us to understand some of the electri-
cal actions of the transformer, and thereby
to figure out which of the secondary ter-
minals we have to attach our speakers to.

To get the underlying principles straight
let us try the simplest possible hookup
(Fig. 19. The whole 30 watts is being fed
into one 8-ohm speaker. Voltage across
the 8-ohm vozice-coi] windilgzg is 15.5 rough-

ly (W = —, or 30 = —). Amperage is
R 8

1.94. The impedance ratio, Z,/Z.. is 6,000/8
and the voltage ratio is the square root of
that, about 27.4. The primary voltage is
15.5 x 27.4 = 425 approximately. This can

be checked by calculatin’g direct from the
E

primary watts (30 = ).
6,000
Now we can try a hookup like that of
Tig. 2, which has two secondaries. We con-
nect the two 16-ohm speakers in parallel,
making an 8-ohm unit to place across one
secondary. The 20-watt speaker, also an
8-ohm unit, goes across the other. What
should be the impedance of the primaries?
First, 10 watts must be fed to the twg:;

speaker. unit. Using our formula, 10 = -

or 80 = E? the voltage across the voice
coil works out to slightly less than 9. To
get the voltage ratio, we divide 425 by 9,
which is 47.2. Since Z,/Z. = (E,/E.)’,
we square 47.2, giving us 2,228. The impe-
dance is 6,000/2,228, or roughly 2.68, which
should be the rated impedance of a winding
to supply the two small speakers.

The single speaker is to draw 20 watts.
The same calculation makes the voltage

about 12:65. (20 = 8* or 160 = E?).

Dividing that into 425, the turns (voltage’
ratio is near 33.6. Squaring this, we get
1128. The impedance of the secondary coil
is 6,000/1128, or roughly 5.32 ohms.

(All the foregoing figures are obtained
from the slide-rule, and are approximations,
but are more than accurate enough for this
work.)

Since the secondary impedances are ef-
fectively in parallel, two separate windings
are unnecessary. It is easier to hook each
speaker to the proper impedance tap on a
universal speaker, as in Fig. 3. This is what
is done in actual practice.

THE REFLECTED IMPEDANCE

Now, are these impedances correct? On
the surface, it would not seem so. One
8-ohm winding is attached to a tap whose
impedance is slightly less than 3 ohms—
the other to one of a little over 5 ohms im-
pedance. Let us see if anything like 6,000
ohms is reflected back into the primary. If
so, the speakers are matched to the output
tubes.

The impedance reflected into any pri-
mary winding is due to the resistance of the
secondary load and the transformer ratio.
An 8-ohm load across an 8-ohm tap re-
flects the rated impedance (6,000 ohms in
the case of our transformer) back into
the primary. Placing the same load across
a 4-ohm tap would reflect 12,000 ohms or
8/4 the normal impedance.

One of our windings will therefore re-
flect 8/2.68 x 6,000 = 17,900 oluns and the
other 8/5.32 x 6,000 = 9,060 ohms. Add-
ing the two parallel impedances. we get
1/17,900 4 1/9,060 = 1/6,000. The impe-
dance reflected into the primary is 6,000
ohms. The speakers are effectively matched
to the amplifier.

In many cases the required impedance
taps are not found on the output trans-
former. Connect to the nearest 1ap, check-
ing the effect on power distribution and
so averaging the mismatch of individual
taps that the total reflected impedance will
be as nearly correct as possible. If it is
necessary to err in either direction, con-
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nection should be made to taps of slightly
lower than correct impedance. Thus the
reflected impedance will be a little high.
This will merely reduce the power slightly,
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Fig. |—Simplest speaker matching problem.
Fig. 2—Haw three speakers could be matched.
Fig. 3—AIll three on one output transformer.
Fig. 4—Matching widely different speakers.

whereas too low an impedance facing the
output tubes would harm fidelity.

Speakers may also be matched by their
output transformer primaries, Thus two
12,000-ohm primaries could be connected
in parallel across the 6,000-ohm impedance
of the output tube(s). This method is use-
ful where speakers are some distance from
the amplifier.

A quicker method of calculating the
correct taps can be worked out from the
example just given. Each speaker in Fig.
3 was so mismatched to its transformer
winding that it got its own share of the
power, yet all speakers when paralleled

(Continued on page 38)
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MEASUREMENT
OF CAPACITY

NTIL very recently the subject of

capacitance measurement has been

rather neglected in radio publica-

tions, condenser testers usually tak-

ing the form of leakage or short indicators

only. With commercial apparatus capable

of measuring capacitance off the civilian

market for some time, technical informa-

tion on this subject is important to the
serviceman and technician,

This article is concerned with methods

whereby capacitance may be indicated on

cha ryc

drscharge
—I—

+
dbarterns €
or
power

Pk

Fig. I—Hook-up for “ballistic"’ measurements

an A.C. or D.C. milliammeter or A.C.
voltmeter. Either the meter face may be
directly calibrated or the indication may
be made to coincide with a prepared chart.
Properly designed meters of the types to
be described may be relied upon to within
2% accuracy, and the measurement may
be quickly made so that a good deal of
time is saved. Three general methods will
be discussed, each requiring a different
type of meter generally available to the
radio man.

THE BALLISTIC METHOD

This method is often used in the labora-
tory for measurement of capacitance of
transmission lines. Fig. 1 shows the set-up.
First we charge the unknown condenser
to a definite voltage E (direct current)
which may be of any value less than the
breakdown voltage of the condenser. If
we use the maximum voltage permissible
with the given condenser we automatically
check for breakdown, also.

After a second or so, the switch is

Cep. Voltage  Microamp
16 mfd. 1.5 300
3.0 600
45 900
30 mfd. 1.5 520
3.0 1040
| mfd. 1.5 15
3.0 30
4.5 45
.l mfd. 10 [
20 12
45 28
90 56
135 84
180 112
.05 mfd. 90 29
135 43
180 56

Fig. 2—Table of currents for a given meter

16

thrown to ‘“discharge,” and the total
quaniity of electricily on the plates now
passes through the D.C. microanumeter
(or millhiammeter). The meter kicks up-
wards to some value and then returns to
zero.

This method is often used with a “bal-
lasiic” or weiglited movement type ot
meter. Sirictly speaking, ounly the ballistic
type will actually measure the total quan-
tity of electricity in the condenser, because
the total effect of every electron passiug
through has a bearing on the final indi
cation. In other words, the condenser is
fully discharged before the maximum
swing 1s reached.

This type of measurement can, however,
be used very successfully with an ordinary
D.C. microammeter or milliammeter. -\
low leakage toggle switch (possibly the
spring-action type which snaps up when
lreleased) can be used to good advantage
1ere,

The accompanying table (Fig. 2) shows
what to expect from this method. An
ordinary Triplett type microammeter (with
proper shunts) was used in obtaining these
results. Note that larger deflections are
obtained when using higher capacitances
or hgher voltages. Note especially the ex-
cellent LINEARITY which may be ob-
tained with different voltages. This means
that only a few values need be calibrated,
and all others obtained by drawing a chart
on linear squared paper. The graph will be
a STRAIGHT LINE, so that it is possible
to use whatever source of direct current
is available.

While this linearity results with a change
of voltage, note ihat a change of capaci-
tance is not quite linear, although very
nearly so. With a sensitive microammeter,
a condenser of .005 mf. may be measured
conventently with a voltage of about 90.
High capacitance condensers offer no
problem and may be accurately indicated
with very low voltages as shown. This is
especially interesting in the case of low-
voltage high-capacitance electrolytic filiers
upon which only a few volts may safely
be impressed.

Since the condenser charges to the open-
circuit voltage of the applied source
within a short time, a new battery does
not have to be used, =
nor is a voltmeter
an absolute necessity,
unless the highest
order of precision is
required.

Due to the fact
that one quick swing
of the pointer takes
place, after which it
settles back to zero,
it is essential that
the maximum indica-
tion be accurately
noted when high
precision is needed.
For this purpose an
optical shield may be
used. This merely
consists of a card

Fig. 3—An optical shield used for accuracy.

which is used to cover part of the scale,
as in IMig. 3. When we find a position
such that the needle is just visible during

a mcasurement, the card is evidently
peinting to the maximum reading and
therefore corresponds to the desired

result. Scveral tries may be necessary if
extireme accuracy is required.

USE <

=

AC
milliammeter

Fig. 4—A.C. milliammeter as capacity meter.

It may be pointed out here that the
ballastic method is based upon the formula
C X E, where the units are cou-
lombs, farads, volts. A properly-designed
“ballastic” meter reads in terms of cou-
lombs or millicoulombs znd would there-
fore be linear throughou: the range.
This type of measurement actually indi-
cates several characteristics of the con-
de_nser under test: capactance, by maxi-

Fig. 5—Milliampere-microfarad chart, used with circuit of Fig. 4
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mum swing; breakdown, by no reading
(with no danger to the meter itself) ; leak
age, by a much lower reading when the
condenser is left to stand for a short
while between ‘“charge” and ‘“discharge.”
By observing polarity, electrolytics may
conveniently be measured in this manner

A.C. MILLIAMMETER METHOD

The circuit is shown in Fig. 4 The un
known condenser 1s connected in series
with the meter and a known source of
alternating current, for instance the line
It is wise to fuse the circuit. Lower
readings correspond to lower capacitances.
The face of the meter may be calibrated
in capacitance units for direct reading or
reference may be made to a chart as in
Fig. 5.

The chart shown is applicable to 115
volts, 60 cycles. (For any other frequency
—such as 50 cycles—we may read off the
chart as before and multiply the result by

é etc.) Other voltages of the same fre-
0
quency give proportionate indications. For
example, 11.5 volts, 60 cycles, would give
a reading only 1/10th as large as would
115 volts, for the same condenser.

While the chart shows readings only
from 1 to 10 milliamperes, extension to
lower or higher ranges is easily accom
plished. If the indication is 25 ma, the
condenser being measured is 10 times as
large as is indicated for 2.5 ma., and so on.
The same holds for lower readings, .25
ma. indicating a condenser one-tenth as
large,

This method is based upon the fact that
the capacitive reactance of a condenser is

10
given by X, (C in microfarads)
27f C
and that T disregarding fuse and
E 377 C
meter resistances. This gives |
10
1103
(Tinma.). When E = 115 volts C
4336
I (ma)
This may be simplifiedtoC (mf.)
4.336

which is a straight line when plotted .

A.C. VOLTMETER METHOD

This method is illustrated in Fig. 6. It
requires no fusing, since the voltmeter is
first adjusted so that it reads full-scale
when the terminals are shorted. Short-
circuit is then equivalent to infinite capaci-

tance. As in the two oprevians methods.

CX/ SCaLLE

# advusled so mcier reads
Ffull scale when AX shorled

(z2)

CH/0 SCTLE

larger capacitances show greater deflec-
tions of the meter used as an indicator.

Another typical capacitance-measuring
meter is the Weston 664, circuit of which
is shown in Fig. 7. This is a more elaborate
unit, having five ranges for capacitance
“ 1000,1, “ :.10()'11 “_-10,” uC ” 10”
(besides other ranges for A. C. volts). The
face is calibrated from 0 to 20 mid., so
hat readings may be obtained from .0001
to 200 mfd

The basic A.C. meter used in the Weston
664 has a full scale of ¥4 ma. The multi-
plving ranges are obtained by suitably
shunting the meter so that it reads higher
values at the higher ranges. At “C X 10’
the meter reads 100 ma. full scale. For the
higher reading scales the impressed vol-
tage is reduced. For the lowest scale it
is almost 100 volts, while for the highest
it is but 4 volts, a small transformer
being used for the stepdown. lsolation of
the line voltage is used on all ranges and
is a desirable feature.

Assuming that we now have an A.C.
voltmeter arranged to read full-scale with
no condenser in series with it (Fig. 6),
let us discuss means for designing multi
plying factors. For convenience, thesc
factors may be 10, 100, etc.

Looking at Fig
8-a, we may note
that a definite read
ing will be obtained
when the unknown
C is placed in series
with the voltmeter.
Now we shunt the
meter itself with R.,
ecqual to 1/9 the
meter resistance and
add a series resistor
R« sufficient to cause
the meter to read
full-scale when XX
is shorted. The scale
is now a “ X 10"
scale, all indications
being ten times as
large as previousl
Notice that ten times

Ca
SERIES
CONDENSER

the current is now
flowing in the cir
cuit.

Another multiply

ing method involves

decrease i the
voltage source (Fig.
8-c and 8-d). To
multiply all indica-
tions by 10 it is
necessary to reduce
the voltage source to
one-tenth. The series
resistor R is then
reduced until we again obtain {full-scale
reading when XX is shorted. In both

07

Rsrr = 5 snlernal mele~ re

Srsslance
(8)

CX/ SCALL

£
-
* e

AC

~ voltmeter

Fig. 6—Measurement with an A.C. voltmeter.

methods the multiplying range shows a
total circuit resistance one-tenth the orig-
inal range.

Instruments for all the above measur
ing methods are easily set up and require
only a meter of a type usually available
The would-be constructor can adapt any
one of several types to one or another
of the circuits given above. Only
a little ingenuity is required to construct
a combination instrument capable of meas-
ing capacitances over an extended range.
and such instruments can be built up with
either an A.C. or D.C. foundation meter.

40m"
&

3™
©4
360300
©06
3u0ne®
©4s
Tuw™
©86

Fig. 7—Jhe Weston 664, a wide-range commerciel capacitance meter.

The designer will find almost as much use
for such a unit as for his ohmmeter,

CH/C SCALE

Fig. 8—A Single meter may be used to measure a wide range of capacities, by the use of shunt and srias resistars, as shown above.
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FIXED-BIAS
AMPLIFIERS

More output with small-
er tubes results from the
\ proper use of fixed bias.

OW many experimenters, like the

author, have looked at a small

commercial radio filling a large

room with crystal-clear volume
and have thought it would be nice to have
an amplifier of such small size that would
give such high undistorted output. Per-
haps you have looked in the back of the set
and been amazed to find a single pentode
or tetrode such as the 6F6 or 6V6 responsi-
ble for all the volume. You have taken
down the number of the tube and gone
home and immediately built up a little
class Al job, thinking that the use of that
tube would cure all amplifier problems.
And you have been cruelly disappointed.
All voltages, resistances, and loads test
exactly as they should to conform to

Loy @ g* @T
& nearees :F—
L 80
HIv.AC ] ‘]E_-L-

FIG.|

Fig. |—The common power amplifier circuit.

the ratings given in the tube manual for
that tube, and yet at a very low level com-
pared to the level of the commercial set,
terrific distortion sets in, and the output
stage turns the sine wave on its grid into a
dreadful goulash of flattened wave tops and
curious peaks in the plate circuit. If you

have put away an
attempt like this as
a failure, get it out
again, for there’s fun
ahead.

It’s ten to one that
you used something
like the circuit of
Fig. 1 when you de-
cided to build a
phono amplifier with
this magic tube with which to amaze your
friends. This is the typical circuit we all
know well. You looked up the correct rat-
ings for the tube, used mathematics cor-
rectly to determine the resistance values,
and bought the right output transformer.
Why does the set not work or so much less
well than the commercial amplifier? One of
the answers is, it uses self-bias, while the
commercial probably has some form of
fixed bias.

FIXED BIAS IS FEASIBLE

Let us see exactly what we arc up against,
In the first place, the ordinary cathode-
biased class Al stage proves to be highly in-
efficient and low in fidelity for two main
reasons: (1) the bias voltage, which should
be very stable, is varied by heing developed

Yy a varying current, i.e, the plate and
screen current of the tube, and, (2) since
the effective plate voltage on a tube is meas-
used between plate and cathode, raising the
cathode to a positive potential, as is done
with cathode-biasing, reduces the effective
plate voltage on the tube by the amount of
the bias voltage. This last disadvantage be-
comes mmportant in A.C.-D.C. sets, where
plate-voltage is low, and in sets using pow-
er triodes, such as the 2A3, where the re-
quired bias is very high.

== & o =]
,’ 6C5 SF6 .DOSI
‘ N 1 T
| v__l . Fig. 2—Here is a fix-
Ij- " . ed bias circuit. The
s} CONTROL i
| S3¢o [ IV forms an inde-
3 o
§ - g; 8~ '"'!)';4 pendent source of
. < 2 Cs negative voltage, and
e | I grid potentials can be
25 -i— l 25_';-' adjusted  with  the
variable resistors R3

and R4, and are quite

independent of any

normal  changes in
the rest of the am-
plifier. Equipment for
hum filtering and de-
coupling is cut to a
very low level, with-

out affecting quality.
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The complete amplifier described by Mr. Edmends in this article.

As to the first trouble, stability (i.e.,
voltage regulation) of the bias voltage is
of wutmost importance, and, for good ef-
ficiency, a 1% variation should never he ex
ceeded. Looking at the cathode-biased stage,
we see that such regulation is impossible.
Some experimenters connect hundreds of
microfarads across the cathode, and this no
doubt helps. But it cannot eliminate the fact
that the bias voitage developed by this
method is to some extent dependent on the
varying conditions inside the tube, no mat-
ter how big a condenser is used. Besides,
why waste money buyving such huge ca-
pacities ?

Our primary aim, then, is to make the
bias voltage completely independent of the
tube to he biased. To get true fixed bias we
must begin by grounding the cathode and
look elsewhere for a negative voltage which
we may apply at the low end of the grid
return. Here we see that the class Al
amplifier presents a much simpler prob-
lem than the class AB2, chief figure
in the nightmare aroused in most experi-
menter’s minds by the mention of fixed
bias. First, the class Al amplifier never
draws grid current. This is our prize postu-
late in dealing with fixed bias for small
tetrodes and pentodes, for see what it allows
us to do: We may put practically any com-
bination or value of resistors we like in the
grid return, and not worry about voltage
drops, since (excepting by-pass condenser
leakage) there is never any current what-
soever (under proper circuit conditions)
flowing in anything in series with the grid
of a class Al stage.

Second, the ordinarv receiving type pow-
er tube has no critical grid impedance, and
so we may forget about that. All we have
to do is to unground the grid return of our
6F6 in the circuit of Fig. 1 (or of any other
tube in a similar application—the 6F6 is
here used merely as an example) and ap-
ply the right bias from the simplest source
we find handy—anything that gives 22.5
volts and is stable. Some tubes, like the
6V6, have a fairly low maximum per-
missible grid resistance. The solution to
this problem is merely to use transformer
coupling.

AN OLD-TIME BIAS SYSTEM

One of the most widely used methods of
biasing is the type using a resistor in the
negative return of the power supply. Tt is

(Continued on page 45)
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ULTRA

RADIO

This single-tube, self-powered super-regenerator is capable
of world-wide reception with a fifteen-inch antenna. A spe-
cial tapped coil eases operation over wide frequency bands.

tween 10 and 120 meters will find

this receiver ideal. The 117P7-GT
tube, which combines a half-wave rectifier
and beam power amplifier, is employed as
a self-powered superregenerative detector.
The super-regeneration makes possible
around the world reception with only a 15.
inch antenna. Although the entire receiver
with the case measures only 5 x 55 x 3%
inches, many features are included in the
design—such as plug-in-coils, tapped coil
range-extender, band spread, stand-by “B”
switch, and luminous dials.

CONSTRUCTION DETAILS

In the original model the panel was con-
structed from a masonite board measuring
5 inches across, 4%4 inches tall, and 1§ of
an inch thick. No shielding for hand capaci
ty is necessary, for the receiver is very
stable. After the holes are marked and
drilled, the front side may be given one or
two coats of colored brushing-lacquer.
\fter this is dry, the main parts may be
mounted and the panel fastened to the

HE short wave enthusiast who wants
dependable reception on bands be-

- * PHONE -+
L_J POT |
¢ VRa )+
8 cé
= P OJWRWM
s, 7 h wrp7-cT Z
S b s A
B i swe R
PLUGINE & Rs ° S
cois ) : STAND-BY
c3 —# % 4 5 % L L
2, 3 -1
= (Y L=
i ..
0/53 [
. PR
| T L
tusbradunatintiontint 15 v
L AC-DC CHASS!S
Fig. [—The Ultra |-tube all-wave receiver.

chassis, which measures 412 inches wide,
314 inches long, and 1 inch tall.
After the parts that are fastened directly

to the chassis or panel are firmly in place,
the filter condenser (C1-C2) may be
mounted. 1f not small enough 1o fit under
the chassis, it may be fastened to the side
of the potentiometer. (See the picture.)
The 1000-ohm wire-wound resistor is
mounted on a tie point terminal to prevent
short circuiting to the chassis.

The wiring is very simple, but care should
be exercised in not omitting any connec:
tions. The pilot lamp is optional. If it
is used, it should be suited for 120-volt
operation, and should be connected across
the 117P7-GT tube’s terminals 2 and 7. The
plug-in coil data shown in Fig. 2 is onlv
approximate, and minor adjustments will
be necessary. It is better to have too many
turns of wire to begin with, than not
enough. All the plug-in coils ar2 wound on
4-prong tube bases.

The broad tuning of the superregenera-
tive receiver is helpful in picking up distant
stations, but it tends to make the tuning
range for one coil very short on the lower
frequencies. It was noted that the opposite
was true of the oscillating range. The lower
frequencies will allow the detector to oscil
late over a longer range without adjust-
ment of the plate coil. Then, it was reas-
oned, if in some way grid turns could be
added or subtracted at will, the range would
be extended over a much longer band.

As a result a tapped coil was placed in
series with the plug-in coil’s grid circuit.
(See Fig. 1.) This coil was wound with
No. 24 S.C.C. wire on a %-inch form 114
inches long. It is tapped at the 2nd, 3rd,
12th, 17th and 23rd (last) turn. When se-
lector switch S3 is connected to contact 0,
coil CL1 is entirely shorted and reception
at the high frequencies is possible with
plug-in coils A, B, and C. But starting with
plug-in coil D the range can be extended
by switching in a few turns of wire to in-
crease the inductance.

OPERATING POINTERS

Proper use of the receiver is as important
as proper construction. The operating

Left, rear view; right, under-
chassis view of the Ultra re-
ceiver. The plug-in coils may
be of the home-made variety;
or can be a set of standard
S-W coils from an old radio.
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This view of the Ultra with its headphones
gives a vary good idea of its compactness.

power is obtained from any 110-to 120-
volt line, supplying either alternating cur-
rent or direct current. If direct current 1s
used, the power plug may have to be re-
versed to get the right polarity qutable or
emergency operation is possible with 90 to
112Y volts from heavy duty “B” batteries.
Battery operation was found to be very
satisfactory, except for the drain placed on
the batteries.

The antenna is made of a stiff length of
copper wire soldered to a phone tip, so that
it can be plugged into a socket post. The
lengtlh should not exceed a yard. The an-
tenna can also consist of a few feet of in-
sulated wire, if desired.

The continuous oscillation of the super-
regenerative type of receiver may cause in-
terference with near-by short wave re-
ceivers. If any experimenting is to be done
with out-door aerials it is advisable to con-
nect a radio frequency amplifier between
the detector and aerial. The use of an out-
door aerial is not necessary, and the author

(Continued on page 31)
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A Novel Feature

in P. A

HIS is a good-fidelity, low hum rec-

ord player and audio amplifier com-

bined with its own phonograph oscil-

lator. The gain is quite sufficient for

a low-level microphone and the output
stage drives a 12-inch speaker with excel-
lent volume. A standard circuit is used, the
two 6V6’s in “push-pull being driven by a
6SC7 as phase inverter, with a 6]J7 as a
pre-amplifier stage. During the earlier part
of its life, this amplifier used a 6SF5, in
the first stage, but the 6J7 was substituted
on account of the greater gain obtainable.
Some may wonder why a phono oscilla-
tor is included in a record player with its
own amplifier. This is one of the most
useful features of this instrument. The
oscillator has considerable power and when
the player i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>