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Every weli-posted Serviceman will want his own

personal copy of this new IRC Service Cotalog.
Profusely illustrated “with useful charts, diagrams,
tables and product pictures, it contains the kind of
material 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
{12 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-
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International Resistance Co. - K
401 NORTH BROAD STREET, PHILADELPHIA 8, PA. ‘0 8

IRC MAKES MORE TYPES OF RESISTANCE UNITS, IN MORE SHAPES FOR MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN THE WORLO
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FOR SERVICEMEN

Get your free copy from your
IRC Distributor or write direct

tributors’ stock, these quality resistors are quoted
dat new low prices.

Also included are pertinent facts on IRC's “"Centyry
Line"” of volume controls . . . 100 controls that will
solve over 0%, of your problems in this category.
But thesa are only the highlights of this helpful new
catalog. You'll want to see and read it all.

Make sure that 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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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 vears and personally
encountered these cable difficulties. He con-
ceived the tdea of climinating the cable
entirely by using a small low power trans-
mitter, powered by batteries, and carried
by the announcer. This relays his voice to
a special receiver pick-up, located near the
public address amplifier.

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

A 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 turncd thumbs down on the re-
quest, stating that no such service had ever
been authornized.

RADIO STATION WaXWI

A two-year correspondence Anally re-
sulted in a hearing and the writer appeared
before them with a full description of the
new service he desired 1o 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 ovents. 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 then the puck-type sets used in convention halls, and gives
oxcellent results over distances of more than three hundred feet. Such
ranges are usucally near the practical mexdmum in public address work.

rut which was not to exceed one watt total.

After construction was complete, a class
IT experimental license was granted and the
call letters WEX'WI were assigned to the
station,

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

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 UTTF
sigmals wrre absorbed to such an extent
that the loud-speaker volume would fall
below 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
heaming of the signals to the recejver.

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

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

The question usually asked is, how far
will the sigpals 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 trassmitter uses a standard tran

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
is made tc keep this
- — 1 distance as short as
smission-line circult possible,

180V 50w

On one occasion where the announcer
was covering an athletie contest on a rec-
reation field, a clump of hushes stood be-
tween him and the receiver and the radio
waves were ahsorbed 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-epeak-
ers,

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

The transmitter will deliver ahout one-
half 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 somte means of fre-
quency control on all transmitters and for
those working on frequencies above 300
megacycles probably the hest methed is the
use of tuned lines in both the plate and
cathode circuits.

Tf these are rigidly constructed and well
insulated, the frequency will remain con-
stant over long periods of time. Their ap-
pearance and relative positions are easily
seeny i the two photographs.

One precaution must be taken in mount-
ing the porcelain insulators to the aluminum
chassis. If these are screwed down tight,
the chances are ther 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 ecasily at the freguency used.

The chassis is formed from a one-six-
teenth inch aluminum sheet by bending it
over a4 wooden block, Tt measures two
inches high, four and one-half inches wide
and ten inches long, The elrenit 15 shown
m g, 1

The plate tubes are made from hard-
drawn copper tubing, sixtecenth-inch wall
and  ouiside diameter, three-eighth inch.
They arc spaced three-quarters inch be-
tween centers and are tour inches long.

The plate toning vomdenser 15 the usual
two plate type, one of the phlites fixed to
one of the tubes and the other seldered to
a machine screw, whicl s 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 cach plate tube
15 connected by a short stout wire to the
plate spring on each socket.
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Fig. 2—Recelving unit of the re[ay_s_ys om.,

The far end of the tubes are connected by
4 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 throeeh a 23,000 ohim resistor.

At the opposite end of the chassis is
shown  the medulator  transfarmer  and
[OAGT,

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 lengih, which is seven inches.

The cathode tuning condenser is con-
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 serewing
in and out the threaded rod conneeted to
one plate, make tuning up—which is done
in conventional manner—easier. A hairpin
loop, L., mounted in the plate coil, fur-
nishes coupling to the antenna,

If a carbon microphone is used, one end
of the microphone transformer secandary
15 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 photogruph, 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 publie address amplifier
1o draw filament and plate current and the
other cable with a phone pluy feeds the sig-
nals into the amplifier input jack. (Cable
connections are not shown in the selu-
matie. )

The dimensions of this receiver pick-up
can be toughly judged by noting the size
of the phone plug. There is, however, no
crowding, and the etliciency of the recelver
is i no way reduced by its extreme com-
{:aCtIess.

On the front panel are shown two knohs,
the bar knol on left controls the plate
voltage on the 935 detector and the knob
on right is the tuner.

The jack at bottom of punel is for Lowd-
phone reception when necessary.

The amplifier is shown in Fig, 3 Input
may be either {rom the receiver or a micro-
phone,

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

Unfortinately the owiput from a pood
crystal mike is low and it st be huilt up
before it can be fed into the modulator
titbe,

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

A volume control cnables the operator to
control fecd-back when operating at vartous
distances from the loud speakers. As the
equipment is used almost entirely out-of-
doors, this problem 15 not nearly as serious
as in many ' 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 hase 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
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Fig. 3—S%peech amplifier uses high-mu tubes,

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

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

o

Complete radic P. A. system. Loft—Speech amp.[iﬁ.er: .canfner\—racei\;er:
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Tep—Spesch amplifier; bottom—transmitter.

List of Parts Used in Oscillator
and Medulator

L—Cathode line, 3§ inch O.D. copper tubing
seven inches long

L—Flate line, 3% inch .1 copper tubing four
inches long
Both cathgde and plate lines are spaced ¥ inch
betweenn centers

L-—Copper antenna Inop 1 inch wide and 2
inches long

C—See text

C—See text

R—ILR,C. 25,000 ohm, 1 walt resistor

C—See text

M—Triplatt 0-50 ma. meter

T—Thordarson  small modulation transformer.

Hammarlund acorn sockets were used in this
oscillator,

Note: Inm addition to above parts, Johnson io.
sulators were uzed throughout all ‘three unita
and Evercady batteries were nsed to power the
transmitter,

List of Parts Used in Receiver Pick-up

ANT—1{ inch brass roll with sliding sleeve.
The length can be varied from 15 to 23 inches
C1—National type M-30 mica condenser
R1—I.R.C, § megohm 1% watt resistor
C2—Cornell-Dubilier 00025 mica condenser
C3—National type UM, cut down to three plates
L—No. & copper wire bent as shown, 34 inch
wide and 154 inches long
RFC-—15 turns No. 20 DCC copper wire, close
wound in one layer and bonnd with collodion
T—Thordarson T-131A34 transformer
Ca—5prague 3 mfd, paper condenser
C5-—S8prague .1 mid. paper condenser
R2—ILR,C. 2500 ohm 1 watt resistor
RI—LR.C. 100,000 chm %% watt resistor
R4-—LR.C. ! megobm 15 watt resistor
R5-—Electrad 50,000 ohm volume control

List of Parts Used in Speasch Amplifier
Ci1, €2, C3, C4, C5, C6~—Sprague 05 paper con.

densers
R1—LER.C. 3 megohm 3% watt resistor
R2—Electrad 200,000 ohm wvolume centrol
R3, R8—IE.C. 1 megohm % watt resistor
R4, R7—IL.R.C. 100,000 ohm 14 watt resistor
RS, R6—LR.C, 25,000 ohm %% watt resistor

B

rigHF&a nsmitter.
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ELECTRONIC GUITAR

The electronic music enthusiast will find this instrument well worth the
time emd effort required to build it. The sturdy unit requires less me-
ticulous attention to detail in construction emd 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.

LECTRONIC musical instrument

amplifiers for electric guitars have

heen described hy 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,

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 found that an ampli-
fier of the size shown is quite portable,
with no sacrifice of tone or power hecause
of a small junky chassis and speaker.

The guitar itself is made of solid birch
or some other bard 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.

The finish should be a high grade var-
nish, two coats, rubbed down with rotten-
stone. If you 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 smal!
rhinestones taken from a dime store brooch
and set in countersunk holes of the proper
size with cement, The bridge shonld be
made so that the tops of the strings are
level, especially the third or “A" string, in
aorder to avoid undesirable scraping and
buzzing noises while playing. The “mut”
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 be altered to suit personal
tastes as desired. This has no effect on the
tone of the instrument. To complete the
%l;itar a zipper fastened canvas case may

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. 1t is the most interesting

_' L5

ol

e AAA A AP
A

i

and neglected part in constructional articles,
Its operation is based on t_he theory of mag-
netic lincs of force inducing a current in a

‘ » STRINGS
A
|
i

BODY OFEUITAR

Fig. I.—Tha unlt in its piaca under the strlngr.

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,

{¢) Proximity of the vibrating body, ie.
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 nof 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, 1t 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 (cylindricat)
provides a particular advantage in that con-
_stnitf'lion of the coil is reduced to simplicity
itself.

{Continned on following page)

(NI
7
N e T

The gquitar amplifier. Microphone as wall as Insfrument plckug is previded, and the Inputs can be mized.
The filtar system 13 unwually thorough, obviating both hum end fssdback. Mote the two {oudspenkers.

4

Fig. 2.—Haow a Ioudsruhr Is cut down to make
tha magnet and coil form for the wiectronic 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 satisiactorily in a pinch, The
actual size ol 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 6fil, 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
cluse as possible to the strings, an auxiliary
extension “X" (Fig, 1) is made. [t consists
of a rectangular piece of soft iron as highly
polished as possible, 214" x 14" x 2". This
is cemented in place on top of the mugnet
proper (*M” Fig. 1} at the point “Y-Y."
lts size may wary slightly as it must
project througl the top of the itar
far encugh 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
is 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
mnstall a set of parallel extensions on the
pole pieces worked fine,

Fig. 3 is a schemalic of the hookup used
for volume and tone conirol. 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 dit-
ferent points along the strings, produced
ne audible eficct on the tone.

THE AMPLIFIER AND CASE

The amplifier is a standard set-up in-
corporating two high gain and one pheno
wput, It can be made simpler if desired
or more complicated as regards tone cir-
cuits, ete, 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.

Fig. 3.—Tona and volume are adjusted by thass

thraw 500,000. chm controls. Many musiclans prefar

tham mounted on the Instrument, which of coursa
Is quite feasible, at least with this amplifler.

i 1846 RADIO-ELECTHONIC REFERENCE ANNUAL

It is important to mount the driver
transformer as far as possible from the
power transformer to eliminate inductive
lium pickup. It wall be noted that in the
picture they are mounted right next to
each other., This resulted in a vicious
hum which was eliminated very satisfacto-
rily by turning the transformer for mini-
mum hum pickap. The line bypass condens-
ers werc also found necessary mn eiiminating
the last bit of hum and noise.

It will be noted that the tone and gain
contrels are not mounted on the chassis hut
on the cabinet. This has worked out vesy
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, and when tried
it made no difference and
s0 may be omitted.

The A.C. switcli wires
and tone control wire
were run separately from
the other side of the
cliassis. 1t 1s most import-
ant that two speakers be
used to realize full power
and fone. If you don't be-
lieve it, at least try it
and you'll find yourself
using two. | cannot stress
teo much the importance
of making a pictonal 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 diapram than a 16
gauge chassis!

The case 1s made of plywood and covered
with a good grade leatherette, black, put en
with a paper stapling machine, The speak-
ers are mounted on a board 18" 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 briliiance
of tone are obtained is due almost solely
to the musical key in which the selection

| How tha complatad instru-
{and 1
looks, Large for a portable,

mant eparator)

its Improved quality com-

pensates for letser mobillty.

The dusignar balieves that

the two spaakers grestly im-

prova reproduction.

is rendered. Proper use of the tone control
merely serves to modify the effect pro-
duced. One trial is all that is regquired to
convince even the most doubtful sou). 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 neccssary to duplicate profes-
sional artists is to use the same key and
tuning.

Tins note on the musical side is just as
imporiant as the construction notes for ne
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,

FOR PICK-UP

DETAIL OF {a}

END YIEW OF HOLE

BOTTOM VIEW
{HOLE FOR PICK-UP)

1%" 4

Constructlon of tha quitar bedy.

This should be a simple matter for any handy workman, but T §s worth

neting that the impression made by the instrument will depsnd almost as much on 1ts appearance as tound.
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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, 18 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 pot new. It was invented in 1808 by
Valdemar Poulsen, a Danish scientist, and
since then has been improved and simpli-
fied. Wire recording has been more exten-
sively used in Lurope 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 to 10 watts out-
put with a few modifications and the addi-
tion of a low frequency oscillator. The os-
cillator may be on a sepurate chassis if nec-
essary. The recording head, which is alse
the reproducer, can be constructed from old
audio transformer laminations which muss
be filed to fit the coil being used in the
head. The coil can be found in old magnetic

Q _ A-RECCRDING HEAD
" 8- ERASE COIL

plumngraph  pick-ups
ar nugnetic speak-
CrE. '

The wire poller,
the spool that winds
the wire, is hest
powered by an old
electric  phonograph
motor,  The spools
or recls on wliel
the wire 15 wound
can be cut out of solid woud or luminated
boards. The wire guides should be of non-
magnetic material such as pulleys taken
from old radio dial aszemblies. 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, T have used piano wire
D14 inch in diwmeter and  smaller. The
smaller the wire the better the quality.

[ made the amplifier first. S0 from uow
on I'll discuss the building of this machine
piece by piece. in the Lottom of my junk
bex | found an old radio chassis which
measures 10 by 16 by 3 inchies. First | buili
the power supply which consisted of o
power transformer
capatde i deliver-
e 120 miis at 350
valts DE Then 1
Tinilt o conventional
hinme-ur-Tonr-1mbes
wnpliftier fallowing.
The only differenec,
b s pliner Yrom
cottventional elrenits
e adilitton of an
ancio Sller nserted
[wtween the pre-am-
phiner and the driver
tube. The Alter s
to abtemnite the how
freaquency signal,

Laft — Recording on
the magretic  wire.
Arrows  show direc-
tion of wirs travel.

ApDIn FILTER

63 6F (m—m- - \LIG
|

!

AR, 1
WA y 3
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R
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=L
=

The complets set-up. Stroboscope is psrmanent part of the apparatus.

This filter consists of o resistance-capacity-
induclance network.

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

The output of  the sunplifier is Ted
throngh o 025 wmibd condenser, 14, and 2
selector switch which connects o a (ick-up
corl on the oscilliior whoen recording, When
plaving hack the sclestor swirehh grounds
the oscillator pick-up cail amd connects the
output to the veice coil ol the speaker
I'or recording the mapnetic jick-up 1s con-
nected across the oscillator pick-up coll to
cround. The magnetic recorder head is con-
nected by a sclector switch from the input
1o the output of the amplifier, depending on
whether von are recording or reprodocing,
The complete circmt appears in Fig, 1

The oscillator circuit is a conventions
Hartley, The esallator coil 1s wound on a
form 3 inches in diameter and 334 inches
long. The primary has 260 turns of No. 33
S5 F. cosely wound, T tapped the coil at
43 turns and then at every ffth turn up 1o
80 1urns, The plate supply is fed into onc
of these taps. T found that my oscillator
worked best counecied to the third tap. At
the terminations of the windings T used
some 2-36 screws as ternunals. T applied a
wood liberal coaling of coil dope. After this
dried T wound the sccond coil L2, or No. 1
secondary., This is the coil used in the
audio circuit in recording. This ceil con-
sists of 27 turns which are also brought to
two 2-56 screws as terminals, After dop-
ing this winding and allowing it to drv [
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 cnamel wire taken from an old
speaker field coil. The oscillator is tuned
with an .01 mica condenser and should pro-
duce a signal beiween 27 and 30 Kec The
action of this supersonic frequency added
to the signal current is not well understood,

(Continued on page 32)
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FIg ],

Front visw of typical Central Station panel,

Raar of panal. Lefters are explained in text,

FIG 2.

REMOTE JUKE BOXES

Principles and Details of Automatic Coin Phonographs

HILE the use of telephone
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"
where you are asked for the name of your
selection and do not have to push a buttan.

Im the first place, the building where the
main equipment is located, 1s known as the
Central Office. The place where the "Juke
Box" is located is called the Remote Sta-
tion. As the reader proceeds the use of the
above two terms will he used to desigmatc
the two locations,

The speech equipment at the Central
()ffice consists of : 1, The metal rack about
five feet high, divided into two sections.
The entire rack is knmown as the Board.
Fach Board consists of ten complete units.
Each unit controls a remote station location.
Fig. 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
he seen another wire rack which holds
another 1000 phonograph records, This al-
lows the operator to have any 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 cne above the other. Fach
dial is calibrated left to right from zero
to twenty. These are the dials which light
up and show the number of coins inserted
at the Remote Station. A. stepping relay is
used to operate a pointer on this dial. Be-
tween the two dials and on either side can
be seen the coin counting relays that record
the number of coins inserted continuously.
Te the left of each dial can be seen push-
buttons which control 2 buzzer to notify
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, Ddirectly underneath is a tog-

Figs. 3 and 4, right—Front and rear views of
the ramaote station. Some tpacial parts, de-
seribed in the text, are soan in the rear view
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gle switch which turns the power on and off
for two complete units. To the right and
just below the monitor speaker are two
push-buttons, The top push-bution 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 amplifier for the bottom turn-table.
When not in use a dummy five ohm load is
cut in across each amplifier output.

There are two phonograph turntables with
each section, each one being 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 platter and moves the pickup arm
to the right until a click is heard. By the
time she has the pickup on the record the

turntable 15 up to speed. These turntables
require very little servicing. They are
checked regularly once a week with a neon
lamp and a stroboscopic disc for speed.
They have no brushes and can be made
to operate on 220 volts A.C. by a change
in the strapping of the motor windings.

At the right and in the middle of each
turntable i= 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 circuit.
The amplifter consists of a 65]7 pentode,
capacity-coupled to a 6]5 triade, with a
volume control between the two tubes, The

{Continued on page 39)
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recently found it necessary to build my

own siynal tracer. As is osually thy

case now-a-days, parts specified were

not mmmediately available. | did, how-
ever, have a two-stage TRF midget re-
ceiver on hand with a burnt-out 2573 rec-
tifier which looked promising. From the
demand for 23Z5s muny such receivers
nst be laying arcund.

As | wanted more than just a stgnal
tracer 1 decided to suhstitute a 60 Ma
transformer with an
80 rectifier to pro-
vide a small power
supply for other test-
ing wark | wanted
to carry out, The
tester as it  now
siands contains a
signal tracer with an
K.F. and A.F. pick-
up as weill as an

SIGNAL TRACER-PLUS

This Instrument Is Also A Condenser Checker And Multitester

set being tested. 1 the receiver's audio
section is OK the signal will appear in the
receiver’s Joud-speaker. If not, the prabe
can be moved from tube to whe and the
trouhlc isolared,

THE R.F. TUNER

_ In order to avoid rontrols the regular
2-gang tuning condenser was removed and
an old oscillator padder condenser insert-

Sl o o =
1G04, Mize 6 ) 7 ppd  Mica 251 85

_SPKA

1ai

L

TET,
!“‘
r

[ 2800

AF. ocutput for ap-

w2

plication to any

oo o)

A FINFUT

andio section of a
radio under test. [t
also contains a Valt-
Ohmmeter and a con-
denser tester. Some
future day 1 expect
to add a Vacuum
Tube Voltmeter.
The tester is hous-
ed in a sloping front

O
AF QUTRUT

AL,
v

WA/
25105

Y

250,000
AL

| Ovorronme

SPKR FIFLD

ile]

cabinet made of 14-

inch plywood, 1215 [ o—

inches high, 11 inches

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 fromt
panel is made of tempered masonite 9 x 12
mnches.

When the tracer 1 used as an AF
generator, a tuned coil and condenser s
comnected to the grid of the 0K7 hy mean-
of a SPDT switch located at the back of
the tester, and an aerial is connected to the
aerial pin jack in the front of the receiver.
The available A I°. signal can be applicd
to any awlio toube yrid or plate of the

184

Two distinct instruments with one powser supply ars combined hers.

ed across the secondary of a regular TRF
coil. The padder was adjusted 10 a strong
local station and once set need never be
readjusted, This assures a signal at all
timmes in the AF, output jack, for tests on
audio systems,

The untuned 677 is wired as o Digsed
detector. This gives much more gain than
the diode circuits mostly used f[or detectors,
[t handles the signal very well withow
overloading,

{Continned on page 40)

tester. Z—Front view of the instrument. 3—Another rear view, showing neon condensar testar.
4—Under-chassis layout [one tube not used). 5 and &—~Constructlon of test prods.
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“STATION RIDING”

IE tepm “Station riding™ was Qirst

heard by the writer in San Francisco

in 1930, 1t was used by radio techni-

cians of the By City to describe a
tvpe 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 wanled 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 s the mumber of radiated Thaats.
When scveral sigmals are rectited in this
fasliion, mearhy receivers may pick up
jumbled sigmals 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 umtsable, Tt was
founed that half a dozen mixed signals were
being teccived every ten kilocyeles through-
ent the broadeast tand, Every carrier in-

the top piece af eonduit and the switch bux
apparently vised rectification of radio sig-
pals. (Fig. 2.) Tightening the conduit to
the box cleared the trouble.

Another case of severe stanion riding
oecurred with a poputar hrand multi-tube
receiver which was normally guite selective.
The receiver was located less than one
quarter of a mile from a five-kilowat
broadeast station. This station did not
cause interference, bt a ten-kilowatt sta-
tion fifteen tiles away
rocle  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-
dic 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 interference
and some of the means of curing it are given.

counlih be tuned in on the
broadeast band, The writ-
cr tried every trick in the
hag including a check of
the house wiring. One
peculiar condition of this
caze was the fact that the
interference ceased every
day between the hours of
noon and one P. M., ap-

receivers with poor se-
lectivity characteristics.

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

The source of station riding is usmally
hard to locate unless a2 radin interference
locating device or a sensitive portable radio
receiver iz 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 tnetal drain pipe,
poor clectrical contact at splices on guv
wires attached to antenna mast or metal
chimney, or almost any mass of metal mak-
ing poor electrical contact 1o 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 ar these points,
their sum and difference frequencies are
radiated by the metal objects. The more
signals that are picked up and rectified, the

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
receiver, 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 purtable 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 switeh box was
located on the wall af the shack, The wires
were fed to the switch box through a ver-
tical piece of conduit, From the bottom of
the switch box, anather 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 interierence to
reappear. Poor electrical contact between

parently due to  load
changes on nearby power lines. Since the
radic was one of a very popular brand,
the distributor was anxious to keep it sold,
=0 a factory engineer was dispatched to the
scene. He too tried every trick he knew in-
cluding the rveplacement 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 sald 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 permeability tuning suffered
from station riding just as hadly as those
with capacitor tuning.

BY-PASSING THE LINE

5till another 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
wrounded side of the A.C, line at the out-

(Continued on page 42)
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Fig. I-~Mixer stage of simple superheterodyne

HOW TO TRACK
THE SUPERHET

UMEROUS abandoned sets are now triode, and is connected in an oscillatory

being modernized and put into ac-

tion, often by “cannibalizing” parts

from other radios; TIR"'s are heing
turned into supers; and no few constructors
are “rolling their own,” in some cases wind-
ine thetr awn 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, cthers
tune correctiv 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 togethcr in one small
section of the dial. The constructors are
often sorely puzzled.

The reason for their troubles is that a
superheterodyne includes two distinct cir-
cults tuned to different frequencies. These
frequencies must be a definjte distance apart
at zll 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 clase enough to permit reception.

MIXERS AND MIXING

In its simplest form, a super starts out
with a mixver tube, which is really two tubes
in one envelope. See Fi ig. 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—Mosi supers use padders. w!m:h may
be represented in one of the styles above.

10

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 hoth sections
of the tube, Consequently two R.IF. 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
“1geal”  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 twao, and changes in
strength with any variation in either of
them. The sivnal 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 {. F. transformer
in the plate circuit is tuned to the frequency
of this modulated signal, and rejects or
sharts the athers.

T§ the difference frequency is 455 Ke (as
on many modern supers) and the LF, trans-
formers are tuned to that frequency, it is
apparent that the oscillator must be tuned
to 455 Ke. above the frequency of the sta-
tion to be received. (Tt could he 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 “heat” frequency for
the sharply-tuned LF. transformers. If the
R.F, section is tuned to 650 Ke,, 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 Kc,
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 two
different frequencies, and the difference be-
tween them must remain the same over the
whole dial.

Fig. 2—First attack on the tracking problem

The difftculty is illustrated in Fig 2.
Curve A 15 made with a 365 {maxunum)
micromicrofarad variable condenser and a
230 mierohenry cotl, The frequency is 350
Ke, with the condenser at 365 mmif and
14530 at 50 mmi, The oscillator circuit of
the set must he so designed that, at any
given setting, the oscillator frequency s 4355
Kec, higher than the corresponding resanant
frequency of the K.F. circuit,

A capacity-inductance ahle shows that to
tune to 550 plus 455 Keo with a 365 mmf.
rondenser requires a coil of 70 mH. (Values
are approximate, having been taken with a
table and =« shide-rule, but are accoarate
enough for our purposes), When the con-
denser 13 turned down to 30 mmf, the
resonant frequency of this combination is
2500 Kc, not the 1905 we would like to
have (See curve B, made hy snhtracting
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 530 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 Ke. with 30 mmf. capacity requires
a 144 mH coil, Curve C—made the same as
curve B—shows how that would worle out.
Constructors who received onlyv 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 Ke would reguire almost
exactly 50 mmf. trimmer capacity. Should
we add that capacity by screwing down the
trimmer on the oscillater sectton of the
condenser gang {supposing we had such z
big trimmer) curve would merely be
lowered by 50 mmf. right across the chart.
Tuning would be out by 50 mmf. at 550
instead of 1450 Ke.

There is another adjustable condenser
on most superheterodynes—the padder.
This is ¢n series with the oscillator variable
condenser. Fig. 3-a2 shows the arrangement.
It does not always look so simple. The
padder on the breadcast band is usually
made up of a fixed mica condenser with a
trimmer shunting it, and schematics some-
times lock like Fig. 3-b. The padder is 1:
the oscillator section of the gang, 2; the
large 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

11 two condensers are cannected in series
their joint capacity 15 smatler than that of
the smaller one. This capacity canneot be
arrived at by simple addition, but is ex-
pressed by the formula:

— - I
. [ i
| ,
oo — .
B : | i|
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Fig. 4—Curve obtainsd by use of a padder

1 1 1
— + -—— -
[ [O% C resultant

With this formula wr 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. i needed. Subtracting
1/365 from 1/176

1 1 1
(—— ===

Cr Ca C:
muately as the reciprocal of the padder <ize,
UTeing a 350 mmf. padder. we et curve D
{Fig. 4%, A is onr original R, tuning
curve, Note that the padder throws tunines
off anly slightly at the high-frequency end,
where it is much larger than the tuning
capaoty.

This is a great improvement. A sct so
lined up world work, thrngh signals would
he wenk in the A50-850 Ke. region. Tt might
be more effective to make the coil a little
smaller, so that the two curves wonld co-
incide near the middle of the hand. The
radding condenser could then he made o
little bigger to bring the enrves toeether
at some point near 600 Ke. and the trimmer
could bhe adjusted to hring them together
near 1400

By varving the size of the cofl, the pad-
der and trimmer, it is possible to have the
frequencies of the twn coils in exactly the
right relation at three points—near the top,
middle and hottom of the hand, and to strav
very little at anv intermediate point. Fig,
is made with a 130 mH coil and a 390 mmf{.
radding condenser, The tracking is almeost
perfect from 600 to O00. From there the
two curves spread slowlv apart, The trim-
mer can he adjusted at 1400 to bring them
exactly together.

Beranse of the padder, a change in the
trimmer capacity will not throw the tuning
out as much at low-frenuency points as it
would in circuits without a padder. Tt re-
quires ahout 9 mmf. to bring the twn curves
together at 1400 Ke. At 800, this extra
capacity makes a difference of a little Tess
than 5 mmf., and its influence rapidly dis-
appears as the condenser is turned stilt
further “in”

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

gives 1/350 approxt-

THE PRACTICAL METHOD

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

All that is necessary is tc free from the
calibrated tuning dial all circuils but the
one you are intercsied in at the moment.
Fach circuit is thus adjusted independently
of the others.

The first step is to be sure that the LEF.
is correct. This requires alignment with a
wood signal generator. (1{ 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
vonvenient, Then move the coil and grid
connections from the stator of the RF, sec-
tion of the gang to the new “indcpendent
variable.” Now the oscillator and the oscil-
lator alone is tuned by the calibrated dial
on the set.

Set the dial at 1400 or thereabouts, and
rotate the independent condenser. If the
ascillator is tuned to a station it will be
picked up at some position of the R.I7 tun-
ing condenser, If not, maove the dial a de-
gree or two and try again till one is tuned
in. Tdentify the station and check its dial
marking. If only slightly high 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
Ke, and adjust again, as in ordinarv set
alignment.

ADJUSTING THE OSCILLATOR

1f the oscillator coil is too large, stations
will tume in at much too high a figure
on the dial-—f toe small, at too low a figure.
Should the coil appear too large or small, it
is & good idea to screw the padder down
pretty well, tune in a station between 300
and 1,000 Kec., and add or take off turns
till the dial reads correctly. Then tune in a
station near 1400 and adjust the trimmer
till the dial is correct, afterward tuning in
a station near 600 Kc. and adjusting the

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

To adjust the R.F. scction, move the
leads from the stator of the oscillator sec-
tion of the gang to the independent con-

denser and put the T, lcads back in their
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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
it.1°. circuit is nearly correct or not. [f
reasanably close, adjust to the exact point
with the trimmer and move up to the station
near G00. If it is not loudest at its proper
dial setting, add or take off turns till it alse
tunes in at exactly the right place, Correct-
ing the R.F. section is easy compared to
getting the oscillator lined ugp.

Bad tracking may occur because of
wrong-size padding condensers rather than
coils. I the padder is too large, stations will
be crowded and displaced toward the high-
irequency end of the dial, enly those near
that end being tuned in near their correct
dial markings. If too small, the displace-
ment 15 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 vou can
even wind your own coils with a fair
chance of success.

New Idea In Detector Circuits

H ERE 5 a receiver that brings in all
Linds of distance with plenty of volume
using but two {ubes, Constructed from
easily obtainable parts, T have received con-
sistently stations within 100 miles by day
and stations in Salt Lake, Denver, Portland,
ete., by night, all with unbelievable volume,
and sharp tuning. I wse 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. |
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 (1
used an iron core transformer with un-
tuned secondary?), is impressed upon the
6J7G. The amplified signal across the tuned
plate circuit, L2, is impressed upon the
suppressor (through a condenser).

The suppressor 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 6]7 therefore now ampli.
fies at audio freguency, the output being
across the 20 henry choke.

Coils L1 and 12 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 AF. The
second tube acts as AF, amplifier and
power rectifier. I find it advisable to use a
trimmer in the plate tuning circuit.

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

Electronic Metronome

HIS clectronic metranome will be
found very handy for all students of

music, especially now when it is al-

most impossible to buy an ordinary
metronome. [t works an the principle of the
multivibrater, in that it distorts the wave
shape te produce a mubltitude of harmonics.
A multivibrator is essentially a two-stage
resistance—coupled audio amplifier with the
second stage coupled back to the first. By
varying the size of the coupling condensers

Fig. |—Fundamental circuit of the device.

and grid resistors, oscillations—varying in
frequency from the supersonic range to one
or so per minute—can be produced. This in-
strument 15 so constructed that two fire-
quency ranges are available, one in the
range required for a metronome; the other
suitphle for a code practise oscillator.

The principle may be easily understood
from Fig. 1. On the metronome range,
audio output from the 6J7 is fed to the
6C5 grid. The 65 output is fed through a
0.5 mfd. coupling condenser hack tao the 617
grid through a condenser of equal size.

Variable 3-megohm prid resistors are
provided. The frequency depends on the
natural discharge rate of the resistor-con-
denser comhbinations, 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 6]7 is connected also as an ordinary
erid-tickler type radio-irequency 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 hreadcast frequency, determined by L.
and C.. Pulses of R.F. are thus sent out
at the multivibrator frequency,

The coil L, Ly, is an ordinary broadcast
atttenna  coil; the low-impedance aerial
winding is La, the grid-tickler winding. If
this type of coil is unobtamable, vou can
wind your own, on a coil form 134 inches
in diameter, Wind 90 to 110 turns of No.
28 wire on this. The grid-tickler is com-
rased 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, Cy, for the R.F. oscillator. No antenna
iz 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 ohtain
a beat as slow as twenty per minute. Dy
switching in the 0! condensers, the com-

place of the 67 and 6C5. A 6A7 would be
particutarly suitable, as vyou can use the
plate and the No. 4 grid as the R.F. osail-
lator and the No. 1 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 vour radio will click out
the rhythm while vou proceed with vour
musical practice, One precaution: Ile sure
that vou are not radiating such a strone
signal that vou are creating interference.
The F.C.C. has established a definite ruling
on that maltter, There must be absolulelv no
interference with other radio reception.
This 15 absolute, Should a neighbor in an
adjoining apartment—say 30 feet awav—-
hear wvour metronome or code oscillator
while listening to a local station. vour ma-
chine is clearly illegal.

A simple formula for Jdetermining it
vour “transmitter” is illegal or not is:

157,000 f1.

irequency (Kel)
For example: if a device is operating at
.330 Kc., the pernmussible range is 137,000/ -
350 or approximately 283 feer,

plete audio spectrum

can be covered

When the .01 con-

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,
and any desired tone
cran be obtained by
varving the 3-meg-
ohm potentiometer,

2525

5 677 2525 KEI0R, TLidE
6cs &f7 2525 ROuToR (I8

-

Any suitable type

tubes can be used in

The metronome is adjustable for wide frequency variations.
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ECONOMY 20-WATTER

1S amplifer was originally de-
signed and built a couple of years
ago, partly to maintain the writer's
reputation and show up some of the
very inferior jobs used dance-bands,
etc., and partly to see how much power
could be got from low small an amplifier.
The tube line-up is: 6307 ws hrst voltage
amplifier for both crystal nucrophone anmd
needle-armature  hi-ii pick-up, 6507 as
driver and phase mverter,

it may be wondered why electronic nuxe-
ing is not used as there is a triode section
for cach input. This would mean, however,
the placing of cach volume control right
at the impat- a quite sound arrangement

only if each control is quite free from

noise amd can be completeiy shielded. The
writer has townd inpractice that the con-
ventional paralle] wmixer circuit shown is
nmely better. Theorenically  the mavement

cut filler is connected across the outptt.
A variation in capacily 15 uscd in place of
a fixed capacity and variable resistanee, as
the lack of a resistance gives a sharper
cut-off. The filter is placed at the ouiput
for the same reason, the rise in impedance
of the speaker at tiie higher frequencies
producing a sharper cut-otf. 1t should Le
noted that this tone control is not so much
to control tona! halance as Lo permit more

pleasant reproduction. Ui a

a pair of ONO6G's in clasy
Al and a 3V4G rectiher.
Alternative tubes are &
pair of 79's followed by a
patr of 615'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- be
mum of tubes and componenis are obtainable
with this circuit, which increases its output by
using direct-coupled dual cmplifier tubes.

wider range of contral 13
required, more points could
fitted and larger con-
densers u~cd on the switcl,
As the wvoltage  between
cacll output anode amd the
chassis consists of the high
voltage (400 valts) togeth-
er with the peak value of

gram need mot be chaug-
ed. IFor the outpul stage,
& pair of 61.6G's can be used in class A,
with the load reduced from 10,000 ohms
o 9000 and the bius resistor increased to
125 ohms. In addition, a 300 ohm Tesistor
of S-wait rating must be connected
series in the ligh voltage supply. How-
ever, the 6N6G or 6135 tubes sl_lould be
used if possible as these give superior tonal
quality besides being very noncritical 45
regards load impedance (a 10056 _tise in
load impedance catises less than 3% rise
in power oulput). )
The power supply 1s very eeonumicil
indeed, as the transiormer has 4 rating ol
pnly 100 Ma. This is quite enougl as the
total no-signal drain is only 92 Ma. tor
the whote amphiier and the average drains
ot speech and nwsic are only 93 and 99
Ma. respectively, although peak drains ot
ahout 110 Ma, may be encountered  for
periods of about a tenth of a second.

PHASE INVERTER

The phase the Hoating

auto-
gutput
the
thie:

the

inverter  usey
paraphase system, this giving an
matic near-balance, the “sceond”
tube receiving shightly less drive than
nrst. !nverse feedback 1s applied iram
primary of the ouiput trunsiormer o
plate of the driver (first section of the
second 65C7Y, This feedback gives a Te-
duction in distortion, a reduction in hum
and also a reduction in the unhalance ot
the ontput tubes, The reduction im un-
halance occurs in two ways—hrst the gen-
eral negative fecdback action reducing the:
drive more in one direction than the other,
seconclly the bias resistor of the phase in-
verler 1s not Dby-passed so that the hirst
section (working at a higher level than
the other, beecause of the fcedback gain
reduction) drives the secoml scetion, there-
by increasing its output,

lletween the phono pick-up input and
the grid of the frst 6507 is a resistance
capacity network giving a bass boost of
approxmmately 8 dﬁ at 100 cycles and 13
db at 30 cycles to compensate for the at-
tenuation of bass in the ordinary lateral
recarding. The network has an impedance
of approximately 30000 ohms at mid-fre-
quencies, that being the load required for
the pick-up employed. Should an ordinary
crystal pick-up be emploved, then the large
condenser in the network must be shoried
and cach resistance increased in value 20
times. For an ordinarv magnetic pick-up,
the network can be left as it is for a pro-
nounced bass, or the large condenser can
be bridged bv a 3000 ohm resistor for a
more normal approach to hass reproduction.

of the microphone volume control should
shightly change the volume irom the pick-
up and vice versa, but in practice the
change is negligible, and is reduced still
further in this amplifier by the tone-com-
pensation resislors connected between the
moving conlact and grounded end of each
volwue contral. These resistors reduce the
Pass response at full cuiput 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, [t 18 not commonly realized that
the power handling capacity of a speaker
is restricted in the low frequency region,
A speaker capable of handling 30 wats
at 400 cycles may be able to Landle only
3 watts at 30 cycles, providing it has the
same efficiency at the lower ircquency.
Nothing is more distasteful than the bang-
mg of a speaker dwuaphragm on the low-
frequency peaks—generally the freer the
suspension and  the lower the resonant
frcquc:_lcy, 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 overpowerning vocalists
who hug the microphone, a simple high-

the output signal (about
3200 volts), any condenser connected be-
tween the output anode and chassis is liabic
ta breakdown. Greater reliubility is oblain-
ed by connecting 600-volt condunsers in
series as shown so that ithere are always
at least two condensers in circmit, giving
a minimum working voltage of 1200, an
ample safety raling.

To lLandle the 20 watts output withouws
excessive weight a model TX Amplion
speaker transformer is used. Alternative
types are available in the Rola range and
o douht American enthusiasts cun find
dozens of suitable brands. The transiormer
5 mounted on the chassis so that there 12
no high voltage between the speaker leads,
which are run at volce-cuil  impedance
{12.3 chms in this case}. There are two
12,5 olim outlets (connectivn i wade by
UX sockets al the back of the chassis)
s0 the outptt transiormer is wound with
a 6.25-0hm secondary. A pair of terminals
on the front of the chassis go to s
625 ohms winding su thar lods can be
run to a booster amplifier or to o pair of
public address horns, should the constructor
so desire.

The speakers normwally wsed are a couple
of 12P64 Amplions, cach being capable
of handling the 20 watis output by itself.
Allernatively a single KHola 12 peomag,
can he comnected to the terminals on the

{Continucd on page 32)
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The N6 cutput stage is actually fwo cascaded stages. A self-balancing inverter is employad,
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CAPACITESTER

This instrument will test a condenser in position. with-

out disconnecting its leads, ond will also show up in-

termittent opens. A “must’

* 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 i 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 (cst
resistance or voltage across the condenser.
simultaneously with the quality test. (3)
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 ofct]he operator constantly
watching the indicator. {6} Low cost, casy
construction and economical operation.

CHOICE OF CIRCUIT

The cirenit decided upon consists of w 70
oscillator, link coupled (0 a tuned cireuis,
both eperating at eighteen hundreed kilo-

e

the grid of a 6B5 tuning indicator tube,

Since the link circuit is carrying radio
frequency at low potential, any resistance
or reactance in series with 1t will lower the
energy transicr from the oscllutor to the
tuned  circuit. The  frequency chosen,
1800  kilocycles, will encounier a  re-
actance of approximately 10 ohms wlen
applicd mn series with a 0! mid, condenscr.
Most condensers used in radios and associ-
ated circuits have capacities greater than
this, It follaws that their reactance will be
less. Since the valiues of resistances usced
i 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 instrunent, taking the energyv trans-
fer to represent 100 per cent, it will bLe
found that 95 per cent passes throngh the
condenser med only five per cent through
she resiztor. Therefore 1{ the condenser
should open circuit there will he a loss of
08 per cent of the energy transfer in the
Iink cirenir

In a case where the resistance s derel-

Gy dmld

cem __I =

‘TEST LEAD

TEST LEAD
RFC OPTIONAL |

cycles, The link circuit is hroken on one
side and brought out to pin tip jacks, The
tuned circuit is connected to a 6537 pentade
section. The output of the pentode section
is rectiied in the diode section and the
negative potential developed is applied to

14

i
1

! i i
00‘:-1(8 Tom mio JACKS FOR METER | | R(.gGMN -

HTROL

oped internally in the condenser {contact
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 across the condenser

i s 3 e et b i S By

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

ts %o mweh Iigher than the reactzance of the
condenser itsell, that it mav for alb procti-
cal purposes be disregarded. Anyv internal
resistance or contact Tesistance i the cou-
denser itseli will reduce the cnergy transfer
i direct proportiom to tle wmount of re-
astance developed,

The locking part of the circuit is as fol-
Tows, The negative hias used to close the
G125 tube’s shadow is also applivd 10 the grid
of a 615 used as the locking tube. Its plae
s connected through a towgle switch 1o one
side oi the secondary of a three to one
ratio, andic transformer. The primary of
the transformer is connected to the A
line connections across the regnlar power
transformer. The ground rewurn of the sec-
ondary goes through g 500,000 b resisior.

It tukes approxinmtely eight velts nega-
tive bins 1o cotpletely close the shadow on
the 6123 magic eye tuhe and this same velt
age s anplicd to the grid of the 60175 e
to the tube's hivh mutoal conductance it is
biased to plate current cuteff, However, if
there is any failure of the cnerpy transfer
itk cirenit 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 cirenit. The re-
salt 15 with no radio {regnency to amplify
and rectity in the tuned circuit, the grid
bias falls te zero patential on both the indi-
cator and locking tube grids, the indicator
tube's shadow opens wide and the locking
tube pusses plate current the negative coin-
ponent of whick is applied to the grid of the
617 pentode section stopping it from amopli-
fying any further even if the energy trans-
fer link cireuit should he closed again,
Therefore the indicator tube's shadow re-
nmains 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 inchies was used.
A panel twelve by eight inches is mounted
on one side with the indicator tube lacated
in the upper center, the gain control and

(Contimed on fage 3
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Matching Loudspeakers

How to Attach Unlike Speakers to One Output Tramstormer

HY technique of speaker matching

ix well understood by every radio-

man—up t¢ a certain point. When

two speakers of unequal impedance
are to be attached to the same amplifier, this
nnderstanding is not so general. And if the
speakers are of unequal wattage rating as
well as volce-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 cne 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 he 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 probiem is not too difiicult. One of
the reasons so many radiomen are stumnped
by it is that they have learned too much
about matching. They cannot imagine at-
taching an B-ohm woice ¢oil to anything
hut an 8-ohm tap. H it becomes necessary
1o hook a monitoring speaker across the
300-ohm line, they do it with dark fore-
hodings as to what might happen at the
other end. [t is necessary to forget all that.
Tf we are going to connect several speale-
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.

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-cail impedance is 6
ohms and that required by the output plate
cireuit—ior best results—is 6,000 ochms, the
impedance ratio iz 1,000 to 1. The voltage
ratio is the square root of the impedance
ratio, or in mathematical terms:
kY /1/2: :E‘J/El.

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
0 turns on its secondary.

The impedances of a umiversal output
transformer are usually marked, but the
turns or voltage ratios are not. Qur cnly
interest i these voltage ratios is that they
help us to understand some of the electri-
eal 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. 1). The whole 30 watts is being fed
into one 8-chm speaker. Voltage across
the 8-chm v}?‘ice-coi] windié'lig is 15.5 rough-

ly (W = }{— or 30 =— —). Amperage is

g
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 ralculating direct from the
E
primaty watts (30 == —}.

Now we can try a hookup like that of
Fig. 2. which has two secondaries, We con-
nect the two l16-chm speakers in paraliel.
making an B-chm unit to place across one
secondary, The 20-watt speaker, zlso an
R-ohm umit. goes across the other. What
should be the impedance of the primaries?

First, 10 watts must be fed to the tw]c%-’

speaker unit. Using our formula, 10 = E

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

The single speaker is 1o draw 20 watts.
The samec calculation makes the voltage

about 1265, (20 — — or 160 = 7).
g

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 532 chms,

(All the foregoing figures are obtained
from the slide-rule, and are approximations,
but are mare 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 dome in actnal 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 aver 5 ohms im-
pedance. Let us see if anything like 6,000
ohms is reflected back into the primary. 1f
s0, 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 lond across an 8-ohm tap re-
flects the rated impedance (6,000 chms 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 chms and the
other 8/5.32 x 6,000 — 9,060 ohms. Add-
ing the two parallel impedances, we get
1717900 4 1/9,0660 = 1/6,000. The impe-
dance reflected inte 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 tap, 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 shightly
lower than correct impedance. Thus the
reflected impedance will be a little high.
This will merely reduce the power slightly,

PRI
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FIG. |

Fig. I—Simplast spaaker matching problom.
Fig. 2—How three speakers could be matched.
Fig. 3—All thres an one output transformer.
Fig. 4—Matching widely diffarent 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-chm 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-

g the form of leakage or <hort indicators

only, With commeroial apparatns capable

of tneasoring capacitance off the civilian

market for some tine, technical intorma-

tion on this subject s mportant to the
serviceman and techoician,

This article is concernad with methods

whereby capacitance may be indicated on

Fig. I—Haook-up for "ballistic" messurements

an A or 1O milliammeter or AC
voltmeter. Either the meter face may be
directly calibrated or the indicatiom 1y
he made to coincide with o prepared cliart,
Properly designed moters of the tvpes to
be described may he relied npon to within
26 accuracy, and the measurement  miay
be quickly made so that a good deal of
time 15 saved. Three weneral methods witt
be discussed, each requiring a ditferem
type af meter generally available o the
radio man.

THE BALLISTIC METHOD

This methad ix often used 10 the balord.
tory for mensurement of  caprettance of
tran=mission lines, Fig, 1 shows the set-up.
First we charge the unknown comlenser
1o a definite voltage X {dircet current?
which may b of anv valoe less than the
breakdown voltage of the condenser, If
we use the maxhimum voltage permissible
with the given condenser we antomatically
check for breakdown, also.

Adter o secomd or oso, the switch s
Cap. Yoltage  Micreamp

16 mid, 1.5 300
0 400

45 00

30 mid, 1.5 820
1] 1040

{ mid, t5 18
LN 30

45 45

. omid, 19 [
20 t2

45 28

0 54

135 B4

180 112

05 mid, 90 n
135 43

180 56

Fig. 2—Table of currents for a given meter

18

thrown to “discharge,” and the wotal
quanlity of electricity on the plates now
passes through the D.C. microanuneter
tor milliammeter). The meter kicks up-
wards to some value and then returns to

Ze10.

This methwd is often used with a “bal-
lastic” or weighted movement type ot
meter, Strictly speaking, only the ballistic
type will actually measure the total quan-
tity of electricity in the condenser, because
the total efiect of every electron passing
through hLas a beanng on tie final indi-
cation. In other words, the cundenser 1s
fully discharged before the maximunm
swing is reached,

This type ol measurement can, Lowever,
be used wery successfully with an ordinar:
LLC, microammeter or milliannncter, A
fow Jeakage toggle switch (possibly the
spring-action type which snaps up when
released) can be used to good advaniage
liere.

The accompanying table {(Fig 2 siiows
what 10 expect from this method. An
ordinary Tnplett type nucroammeter {with
proper shunts) was used in oblatning thesc
results. Note that larger deilections arc
uvbtamned when using higher capacitances
or higher voltuges. Note espectally the ox-
cellent LINEARITY which may e ob-
tained with difierent voltages, This means
that only a few values need be calibraoal,
and all others obtained by drawing a clat
on linear squared paper, The graph will Le
a4 BTRAIGHT LINE, so that it is pussibie
1o use whatever sonrce of direct current
1+ available.

Wlule this lncuvity results with u chiange
ol voltage, note thal 2 cliange of capaci-
tance 15 not quite linear, although ver
nearly so. With a sensitive microammeter,
i condenser of 0053 ., may be mcasured
cunveniently  with i voltage of about 90,
tigh cupacitance  condensers  olfer o
problem and may be accurately indicated
with very low voltages as show This is
especially interesting in the case of low-
voltage high-capacitance clectrobytic filters
uponn which only a few volts may safely
he impressed. i i

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 voltmcter
an absclute necessity,
unless  the  highest
order of precisjon ts
required.

Tiue to the fact
that one guick swing
of the pointer tales
place, after which it
seitles back to zero,
it is essential thal
the maximum mdica-

tion be accurately
noted  when  high
precision  is needed.

For this purpose an
optical shield may be
wed. This merely

e e

onaan BIRSCHBE

R

Fig. 3—An optical shield used far !(‘!CI.IIF-C

cy.
whicht is used to cover part of the scale,

as in Fig. 3. When we find a position
such that the needle is just vistble during

4  measurement, the card s evidently
pointing  to the maximun  reading and
therefore corresponds to the desired

result. Several tries may e tecessary if
exireme acenricy 18 rediuted,

Fig. 4—A.C. milliammeter 85 capacity matar,

It may be pointed out lere that the
ballastic method is based apon the formula
O = € w Lk, where the units are con-
lombs, farads, volts. A properly-designed
“hallastic” meter reads in terms of cou-
lombs or millicoulombs and would there-
fore be linear throughout the range,

This type of mwasurement actually indi-
cates several characteristics of the con-
denser under test: capacitance, by maxi-

consists of a card Fg. S—Milliampere-microfarad chart, used with circult of Fig. 4
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mum swing; breakdown, by no reading
{with no danger to the meter itsell) ; leak-
age, by a much lower reading when the
condenser 15 left to stand {for a short
while between “charge™ and “discharge.”
By observing polarity, clectrolytics may
conveniently be measured in this tnanner,

A.C. MILLIAMMETER METHOD

The circuit i< shown in Fig. 4. The un-
known condenser 15 conmected  in oseries
with the meter atud a4 known source of
abtermating current, for instance the line.
It is wise to fuse the circuit. Lower
readings correspond to lowcer capacitances,
The face of the meter may he calibrated
N capacitance units for (Tue(‘t reading or
reference may be made 1o o chart as in
Fig. 5.

The chart shown is applicalle to 115
volts, 60 cycles. (For any other frequency
—such as 50 cycles-—we mayv read ofl the
cgart as before and multiply the result by
6
—, etc.) Other voltages of the same fre-
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 onlv
from ! to 10 milliamperes, extension to
lower or higher ranges is easily accom-
plished. If the indication is 25 ma., the
condenser being measured 15 1) times as
farge as is indicated for 2.5 ma,, and so on,
The same holds for lower readings, .28
ma, indicating a condenser one-tenth as
large,

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

106
given by X, == (C in microiarads},
2af C
E
and that [ = «——, disrcparding fuse and
E 7o
mcter resistances. This gives [ o= e o
104
1108
{linma.) When F = 115 valis g o= ——,
4336
[ {ma. )
This max be simplifiecdtoC (mf{) = ——
4336

which 1s 4 straight line when plotted.

A.C. VOLTMETER METHOD

This method is illustrated in Fig, 6. It
requires no fusing, since the wvoltmeter is
first adjusted so that it reads full-scale
when the terminals are shorted. Short-
cireuit is then eqivalent to infinite capaci-
tance. As in the two previous methods,

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

Another typical capacitance-measuring
meter is the \\cston 664, circuit of which
is shown tn Fig. 7. This is a more elaborate
anit, having five r111 ges for capacitance
1000, *+-100," Y—=10," *C" T o= 107
{ besides other ranges “for A. C. volts). The
face i1s calibrated from 0 to 20 mfd, so
that readings mayv he obiined from 0001
ta 200 mfd.

The hasic A.C. meter nsed in the Weston
663 has a full seale of 13 ma, The multi-
plyving  ranges are oblained by suitably
shionting the meter so that it rcads higher
vilues at the higher ranges. At “C w 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 18 but 4 volts, a small transformer
heing used for the stepdown, Isolation of
the line voltage is used om all ranges and
ts a destrable 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 desjgning multi-
plying factors. Vor convenience, these
factors may be 10, 100, etc.

Locking at Fig.
8-a, we mayv note
that a definite read-
ing will be obtained
when  the  unknown
C is placed in s ries
with the veltmeter,
Now we shumt the
meter itself with R
equal  te  1/9  the
meter resistance and
add a series resistar
R. sufficient to cause
the meter to  read
full-scale when XX
ix shorted. The scale
is now a “ x 107
scale, all indications
being tem times as
large as previousiy,
Notice that ten times
the current is now
flowing in the cir-
cuit.

Ancther multiply-
ing method invalves
a decrease in the
voltage source (Fiu.
S-¢ and 84d). Teo
multiply  all indica-
tions by 10 it is
necessary to reduce
the voltage source to
one-tenth, The series

resistor R is then
reduced unti! we again obtain  full-scale
reading when XX is shorted. In both

Fig. t—measurement with an AC. voltmater.

metliewds  the multiplving range shows a
total circuit restance one-tenth the orig-
inal range.

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

Fig. 7—The Weston bb4, & wide-range commercial capacitance meter,

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

Fig. 8—A Singls meter may be used to measure a wide rangs of capac itias, by the use of shunt and sries resistors, 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 cxperimenters, like the

auther, have looked at a small

commercial radio filling a large

room with erystal-clear volume
and have thought it would Le nice to have
an amplificr of such small size that would
give such Tigh undistorted output. Per-
haps you have tooked in the back of the sct
and heen amazed to find a single pentode
or tetrode such as the 6176 or 6V6 respotsi-
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 usc of that
tube would cure all amplifier problems.
And you have been cruelly disappointed.
All voltages, resistances, and loads test
exacily as thev shemld in comfarm to

e warees

-—

FIG.|

Fig. 1—Tha common powar 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 sot,
terrific distortion scts in, and the output
stage turns the sine wave on its grid inte a
dreadful goulash of flattencd wave tops and
curions perks i the plute cirenit. 1§ von

have put away an
attemipt like this as
a failure, get it out
arain, for there's fun
FUTSUGE

It's ten to one 1hiat
you used someihing
like 1he cirenit of
Fig. 1 when vou de-
cidled  to build  a
phiono amplifier with
this magte tube with which to amaze yonr
friends. This s the tvpical ecircuit we all
]_\'now well, You looked up the correct rat-
ings for 1he tube, used mathematics cor-
rectly to determine the resistance values,
and bouglt the right ontprt transiormer.
Why does the set not work or so much luss
well than the commercial amplifter? One of
the answers s, it uses seli-hias, while the
commercial probally has some {form of
fixed Lias.

FIXED BIAS IS FEASIBLE

Let us see exactly what we are up ngainst,
In the first place. the ordinary eathode-
biased class Al stage proves to be highly in-
efficient and low in fidelity for two main
reasens ' (1) the hias valtaze, which should
be very stable, is varivd by being developed
by a wvarving current, i.c., the nlate and
sereen current of the tube, and. (2) since
the cffective plate voltage on a tube is mens-
used between plate and eathode, raising the
cathode to a pesitive potential, as is done
with cathode-hiasing. reduces the elfective
plate voltage on the tuhe by the amount of
the hins voltage. This last disadvantaze be-
comes important in A C-D.C. sets. where
plate—valiage is low. and in sets using pow-
er triodes, such as the 2A3 where the re-
anteed hins is very high,

6(hH

=l

-

50,000

¥ MEG.

o TRl
| .. \

1LOGO Tl L_

[

Ra 15,000 20,000

FI1G.2

Fig. 2—Hare is a fix-
od bias circuit. The
t-¥ forms an inde.
pendent
negative veltage, and
grid potentials can be
adjusted  with  the
variabls resistors R3
and R4, ard ars quite
indepandent of any
normal changas in
the rest of the am-
plifier. Equipment for
hum filtering and de-
coupling is cut to &
very low lovel, with-
out affecting quality.

sourca D‘

19

The complete amplifiar described by Mr. Edmonds in this article.

As to the first trouhle, stahilitey (i,
voliaze rermlationy of the hins voltage is
of utmost amportance, and, for wood ef-
ficieney, 1 197 virintion shoull gever he ex.
veeded, Looking at the catbode-hinsed stace,
we see that steh roenlation is impnssible.
Some exnorimenters conuect handreds of
micrafarads neroes the eathode, and this no
doubit lelpe. Bt it cannet eliminate the fact
that the hins voltage developed by this
methad 13 to some extent dependent on the
varvine conditions inside the tuhe, no mat-
ter how hig a condenser is used. Desides,
whv waste money buying such luge ca-
pacities?

Our nrimary aim. then, is tn make the
hias voltave completely independent of the
tube 1o 1 hinsed, To et trie fixed bins we
must begin by groumling the cathoede and
look elsewhere for a negative voltaze which
we may apply at the low end of the grid
retrn. Here we see (bat the class Al
amplifier presentz a mitch simler prob-
Temn than the class A2, chief figure
in the mightmnre aronsed in most CXETi-
menter’s minds bv the mention of fixed
hing, First. the class A1 amplifier neper
drazie arid current. This 1= onr prize postin-
late in dealing with fixed hins for emall
totroddes and pentodes, for sce what it altows
e ta do: We mav nut practically anv com-
hinntion or value nf resistors we like in the
orid retnrn, and not worry about voltace
drons, since (excepting by-pass condenser
leakame) there is never anv cirrent what-
emever funder proper circoit conditions)
flnwine in anvthing in series with the grid
of a class Al stame.

Second. the ordinary receiving tvpe pow-
cr tule has no eritical grid impedance, and
so we may forzet about that. All we have
ta do is 1o ungronnd the grid retnrn of our
676 in the circuit of Fie, 1 ¢or of anv other
tube in a similar application— the 6F6 is
here tsed merely as an example) and ap-
plv the right hias from the simplest source
we find handv—anything that gives 22.5
volts and is stalle. Some tubes, lke the
6V6. have a fairly low maximum per-
missible wrid resistance, The solution to
this nroblem is merely to use transformer
coupling.

AN OLD.TIME BIAS SYSTEM

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

(Continued on page 43)
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ULTRA

RADIO

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

HF. short wave enthusiast who wants

dependahle reception en hands  be-

tween 10 and 120 meters will find

this receiver idexl. The M7P7-GT
tube, which combines a hali-wave rectifier
and beam power amplifier, 15 emploved as
a self-powcered superresenerative detector.
The super-regenmeration makes  possihle
arcund the world reception with only a 15-
meh aetennas Althumzh the crire recetver
with the case measures only 5 x 534 x 314
inclies, many featares are ncluded in the
design—such as plug-in-coils, tapped coil
range-exiender, band spread, stand-hy "B
switch, and luminous dials.

CONSTRUCTION DETAILS

In the original model the panel was con-
structed from a masonite board measuring
5 inches across, 414 inches tall, and 74 of
an inch thick, No shielding for hand capaci-
ty is necessary, for the recelver is very
stable. After the holes are marked and
drilled, the front side may be given one or
two conts of colored  brushing-lacquer,
After this is dry, the main parts may be
mounded  and  the paned  fastened  to the

- 'eoT R i H
i R4 e P “___ .
<8 i ] 41 P

Fig. |—The Ultra |-tube all-wave raceiver.

chassis, which measures 4% inches wide,
3% inches long, and | inch tall, .
After the parts thal are iastened directly

to the chassis or panel are firmly in place,
the filter condenser (C1-C2) tmay he
mornted, T not sundl cnough o Gt unider
the chassis, it may he {astencd to the side
of the potentiometer. (See the picture.}
The 1000-ohimt  wirc-wound  resistor 1-
motnted on a tie point terminal to preve
short circuiting to the chassis,

The wiring is very simple, bt care should
be exercised in not ommlling any connec-
tions. The pilot lamp is wptional, 1§ it
ts 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 only
approximate, and tninor adjnstivents will
he necessary. Tt is better to have too many
turns of wire to begin with, than not
enough. All the plug-in coils are wound on
4-prong tube bases.

The broad tuning of the superrepencra-
tive receiver is helpful in picking up distant
stations, but it tends to make the tuning
range for one cotl 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 subiracted at will, the range would
be extended over a much longer band.

As a oresuli a tapped coil was placed in
series with the plug-in ceil's grid circuit.
{Sce Fig. 1.} This coil was wound with
No. 24 5.C.C. wire on a M-inch form 114
inches long. It is tapped at the 2nd, 3rd,
12th, 17th and 23rd (last) turn. When se-
lector switch 53 is connected to contact 0,
coil (L1 is cntirely shorted and reception
at the high frequencies is possible with
plug-m coilts A, I}, and C, But starting with
pluag-in coil D the range can he 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. Tha plug-in coils may
be of the home-mada variety:
of can be 2 set of standard
5-W coils from an ofd radic.
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This view of the Ultra with its headphenaes
gives a very good idea of its compactness.

power is obtained Jram oany 110-10 120-
volt line, supplying either alternating cur-
rent or direct current. 1f direct current is
used, the power plyr may have to he re-
versed to get the right polarity. Portable or
emergency operation is possible with 90 to
11234 volts from heavy duty “13" batteries.
Battery operation was found to be very
satisfactory, except for the drain placed on
the hatteries.

The antenna is made of o <tiff length of
copper wire scldered to a phone tip, so that
it can be plugeed into a socket post. The
length should not exceod a vard. The an-
tenna can also consist of a few feet of n-
aulated wire, if desired,

The continuous oscillation of the super-
regenerative type of receiver may ¢ause in-
teriercnce with near-hy short wave re-
ceivers. [f any experimenting is to be done
with out-door aerials it is advisable to con-
neet @ radio frequency amplificr between
the detector and aerial. The use of an out-
doar aerial is not necessary, and the author

{Continned on page 31)
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A Novel Feature

in P. A

HIS is a good-fdelity, low hum rec-

ord player awd audio amplifier com-

Lineed with its own phonograph oscil-

lator. The gain is quite subiiclent for

a low-level micrephione and  the output
stage drives a 12-inch speaker with excel-
lent volume. A stundard circuit is used, the
two 6V0's in push-pull being driven by a
657 as phase inverter, with a 6]J7 as a
pre-amplifier stage. During the earbier part
of its life, (lis amplifier used a 65F5, in
the first stage, but the 6J7 was substituted
an account of the grealer gain obtainable,
Some may wonder why a phono oscilla-
tor is included in a record plaver with its
own amplifier. This is one of the most
useful features of this instrument. The
oscillator has considerable power and when
the player is uscd in a large hall where
there is some difficulty in covering the
whole place properly, the oscillator helps
out wonderfully, Several radios are placed
in strategic poeitions, short antennas are
rigged up both on the radios and the

Systems

oscillator and the prablem of coverage is
solved, This is especially useful where there
is a great deal of room noise, as at prr-
ties and donces, as the only way to be
heard all over the hall is to lave the

Csources of sound scattered around at a

number of points.

ANTI-HUM PRECAUTIONS

Some care in huilding an amplifier as
necessary if hum i3 1o be kept down and
quality up. This set starts out with a good
filter system, The two chokes and three
condensers assure praper smoothing of the
rectified alternating current, and the care-
ful shielding of the whole signal path
right up to the grid of the second tube
guarantees against 60-cycle pickup from
outside sources.

tt is unnecessary to say much about the
chokes, except that they should be low-
resistance and  high-current types. prefer-
abiy rated for double the current to be

drawn by the ampli-
fler. A low-resist-
ance speaker field is
also  reguired, any-
thing over a thou-
sand ahms being en-
tirely  unusable. IE
you have a good
speaker  with  too

high a field resist-
ance, it may be used
as the first section of
the clhioke, and the
plate supply lead for
the 6V6's taken off
immediately after it
The second section
of the clicke can
then be a low-current

type, as very little

6V6-GT

17 FYNAMIC
1 SPEAKER

FRAME 7O !
CHASSIS |

CHOKE

>
Sw 0N TONE
LONTROL

&3

SHKR.FIELD

e

20

TC"” Tc" '|'c’3 12 WATT AMPLIFIER
' 4

Amplifier and speaker are built in ons half,
and oscillator and phonograph turntable in
tha other half of a portable carrying case.

current 1s drawn by the first two tubes
Some of the wlvantages of double-choke
filtering will nevertheless remain, as cur-
rent smoothing is srave mportant in the
first stages of the amplifier than it is in
the oulput.

Another important paint in reducing hom
is to grounet all the leads to wite poinf. This
is a great help in cutting ont hum set up
in the chassis by the power transformer.
As far as possible. alt shielding tay be
brought to the same ground. It may he
more convenient to have one ground point
for each stage.

The 6J7 is hooked up in standard style
It will be poted that the screen resistor s
taken off ¢fter the decoupling circuit which
consists of Mg and . instead of running
straight from the high voliage as in some
amplifiers.

The volume control 15 not inteoduced un-
til the sigpal has beem amplificd through
the §)7. Tlhis gives us a higher level of
signal to work with, It was not considered
a good iden to wse a single volume con-
tro! for phonopraph and microphone, as the
present arrangement makes “fading” pos-
sible, with a litile manipulation, or phono
and mike can be mixed.

The 65C7 was found to zive hetter
results hoth in zain and freedom from dis-
tortion, than a 6F8 formerly used in its
place,

I"hase inversion is accomplished through
a partially self-halancing circuit, which mav
not give as much gain as others, but in my
opimon results in greater stahility. The
only features of note in the output circuit
are the grounding of both the transformer
core and the voice coil circuit 10 the com-
mon ground.

The muke heing used at present is a &
inch 1I'M speaker. Used with the amplifier,
there is [ar more than sufficient volume.

It 15 necessary to talk within six inghes
aof it to make announcements over the
oxcillator, under which condition it operates
satisfactorily,

The whole amplifier is encased in a hox
which measores 20 x 20 x 12 inches, as
shown in the photo, and is thus a handv
unit for portable work. The oscillator fea-
ture makes it useful for gatherings almost
withont limit as to the size of the hall

The oscillator itsclf uses a standard cir-
cuit, and any phono oscillator could be used
in its place. T used an ordinary broadcast
coil with a small primary, then nnwound

a number of turns from the =econdary and
used an old condenser considerably larger
than those now in use. This enables me to
tune casily to a point right on the high or
low edge of the range of any modern

(Continued on page 37)

Left, top—The 2-tube phono oscillator attach.
ment, Bottom—Schematic of the amgplifier.
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Dyvnamic Tube Tester

Mutual Conductance Meter for Accurate Tests

ITH few exceptions, all the
1she testers on Lhe market to-
day are the total emission type.
All clements but the cathode
are tied together and the emission of the
cathode s measured by a D.Co milliam-
meter, Such testers require few parts and
are useful for short and emission tests of
rectifiers and output tubes, where the emit-
ting ability of the cathede is one of the
major iactors. bn other types of wubes they
lave scvere limitations, for they give no
indication of the tubes' transconductance,
abbreviated  Sm. (dlutwal  conductance,
abbreviated Gm, means the same.)
Transconductance by formula is:
) ip change in plate current
BI@ = —— =
dEg for given c¢hange in grid voltage
Thus, 1f an AL, signal of 1 voit is im-
pressed between grid and cathode of a tube
with normal plate and bins voliages and its
AL, plate component measured in micro-
amperes, the result is a direct reading in
micromlios (adlhos). [f the A.C. output 15
I MAC:
001
S o= ~—— - -— = 1000 u 3Mhas,
dEg 1
Since the tube's Sm is directly affected
by emission, plate resistance, positioning of
elements, ete., the test 1s made under con-
ditions closcly approximating actual work-
ing conditions, This type of test is greatly
superior to straicht emission tests. It has
vven been found i liie tests on a number
ol tetrodes that while emission fell off with
sotne tubes o a point where they might
have been rejecied by an emission tester,
their Sm had actwaliy increased and they
were more efiicient wnpliliers than when
first tested.
Figure 1 shows the basic eircuit for such
a tester. Theoretically the vutput measur-
ing device shouid be an A.C. millienmeter
of the dymamometer type which responds
to the A.(. However, since such instru-
ments are scarce, it has been replaced with
a choke L1 to apply the plate voltage, an
isolating capacitor Cl, a diode rectifier and
D mallimnmeter ML 1t will be noted
bt the output impedance of the circuit
comprised of L1, C1, V2, M1 and RZ is
gyuite low. Tierein does the Sm test differ
from actual operating conditions, for the
purpose is to measure the A.C, output inte
a loud smali compared to the tube's plate
resistance,

THE REQUIRED EQUIPMENT

Since, due to war shortages, odd parts
are to be used, no specific values are given.
T1 supplies the 60-cycte A.C. signal for the
contral grid and can be any step-down
transformer, a winding on the power trans-
former, flament, bell-ringing or even an
output transformer, since no current is
drawn from it. R1 1s to adjust the voltage
applicd to the grid and can be any value
of volume control. Tt can be set at one volt,
or if the mecter hasn't sufficient flexibility,
it can be put on the panel and set for vari-
cus Mho scales, This would also be a
simpler procedure than switching shunts
acrass the meter for lower range meters.
L1 can be a filter choke, audio choke or the
primary of an output transformer. It should
have low resistance so too great a D.C.
drop will not be created across it when

testing power tubes, It should have fairly
igh impedance at 60 cyveles--say at least
30 H. €1 and (2 should be paper capaci-
tors offering low impedance at 60 cyecles—
2 Mid, preferably larger.

The meter can be any D.C. milliammeter
with a fundamental range of from 1-6 MA,
though a higher range could be used if the
fixed grid input voltage of one volt was
increased. Lower range meters can have
their scales extended with svitable shunts.
Since tubes vary in Sm from a few huon-

It forms the diode load and is adjusted for
maximum meter reading with a given input
signal. Onee adjusicd it can be left set or
replaced with a fixed resistor, R4 is the
potentiometer (any volume control) for
giving the tube its required bins. It must
be much larger in value than R3 so that it
will not pass too much current due to the
drop across 3. Jt will be a front panel
control and will be cahbrated. lts setting
determined by meter measurement, and
listed for each tube.

Al FYTIT!
TEPrY

i

=hias & r3 = ave

Figs. ! and 2—Basic cireuit of the simple transconductance tester dascribad in this arkicle.

dred to about 6000 microemhos, the scale or
scales will have to be readable from ap-
proximately 0.2 to 63Ma. V2 can be a diode
such as 6H6 or 84. Any tube with good
cathode emission can have its grids and
plate tied together to operate as a dicde,
and will work Lere. R2 can be any potenti-
ometer that will carry the meter current.

The rest of the instrument requires: 1—
A tapped hlament transformer T2, to supply
all tube requirements between 1.1 and 117 v.
2—A source of B supply of about 330 .
with good regulation and bleeder tapped
about every 50 v. to supply various plate
and screen potentials and bias, 3—An array

{Continned on page 47)
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Fig. 3—A complate schematic of the checker. Tube socket terminals are connected in parallel

and connacte

to the numbered posts {ust bslow, The actual wiring has been omitted

for

greater clarity. Connections are made to tha voltage posts with the help of a tube manual.
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A Novel Feature

in P. A

HIS is a good-fidelity, low hum rec-

ord plaver and audio amplilter com-

Lined wiih its own phonograph oscil-

lator. The wain is gquite suflicient for

a low-level microphone and the output
stage «rives a 12-inch speaker with excel-
lent volume. A standard circuit is used, the
two 6V6's in push-pull being driven by a
65C7 as phase inverter, with a 6J7 as a
pre-unplifier stage. Duaring the earlier part
of its life, this amplifier used a 6513, in
the first stage, but the 67 was substituted
on account of the greater wain obtainable
Some may wonder why a phono escilla-
tor is included in a vecord player with its
own amplificr. This is one of the most
useful features of 1this msirument. The
oscillator has considerable power and when
the plaver is used in a large hall where
there 15 some difficulty in covering the
whole place properly, the oscillator helps
out wonderfully. Several radios are placed
in strategic positions, short antennas are
rigged up both on the radios and the

Systems

oscillator and the problem of coverage is
solved. This is especially useiul where there
is  great deal of room noise, as at par-
ties and dances, as the only way to he
Leard all over the hall is to have the
sources of sound scattered around at a
nuuber of points.

ANTL.HUM PRECAUTIONS

Some care in building an amplifier is
necessary if hum is to be kept down and
guality up, This set starts oul with a good
filter system. The two chokes and three
cotlensers assure proper smoathing of the
rectified alternating current, and the care-
ful shiclding of the whale signal path
right up to the grid of the second 1ube
guaranives against 00-cycle pickup from
outside sources,

It is unnecessary to say much about the
chokes, except that they should be low-
resistance and Digh-current types, prefer-
ably rated for double the current to be

drawn by the ampli-
fier, A low-resisi-
ance speaker field is
also  required, any-
thing over a thou-
sand ohms being en-
tirely unusable, If
vou have a good
speaker with  too

high a field resist-
ance, it may be used
as the first section of
the choke, and the
plate supply lead for
the 6V6&'s taken olf
immediately after it
The second section
of the clicke can
then be a low-current

PHEKUER

t¥pe, as very little

&vH-6T

1 FYNAMIC

CHOKE

SPKR.FIELD

Sw.0n TONE Y
CONTROL -
-

Amplifier and speaker are built in one half,
and oscillstor and phonagraph turatsble in
tha other half of a portable carrying case.

current 15 drawn by the first two tubes,
Some of the advantages of doulle.choke
filtering will nevertheless remain, as cur-
rent sinoothing is more imiportant in the
first stages of the ampliher than it is in
the output.

Another important point in reducing bum
is 10 ground all the teads to one point. This
is a great help in ontting out hum set up
in the chassis by the power transformer.
As far as possibde, all shielding may 1w
brought to the same ground, 1t may be
more ¢convenient to have one ground point
for each stape,

The 6]7 is hooked up in standard style,
It will be noted that the screen resistor is
taken off after the decoupling circuit which
consists of Hs and C. instead of running
straight from the high voltage as in some
amplifiers,

The volume contral is not intraduced un-
til the signal has beenn amplified through
the 6J7. This gives us a higher level of
signal to work with. 1t was not considered
a good idea to use a single volume con-
trol for plionograph and microphone. as the
present arcangement makes “fading” pos-
sible, witl: 2 hittle manipulation, or phono
and mike can be mixed,

The 65C7 was found to give hetter
results bath in gain and freedom from dis-
tortion, than a G6FR formerly used in its
place,

Phase inversion is accomplished through
a partially self-halancing circuit, which may
not give as much gain as others, but in my
opinion results in greater stahility, The
only features of note in the output cireuit
are the grounding of hoth the transformer
core and the voice coil circuit to the com-
mon ground.

The mike being uscd at present is a 5-
inch P'M speaker. Used with the amplifier,
there is far more than sufficient vohune.

It 15 necessary to talk within six inches
of it to make anmouncements over the
oscillater, under which condition it operates
satisfactorily,

The whole amplifier is encased in a hox
which measures 20 x 20 x 12 inches, as
shown in the photo, and is thus a handy
unit for portable work., The oscillator fea-
ture makes it useful for patherings almost
without limit as to the size of the hall.

The oscillator itself uses a standard cir-
cuit, and any phono oscillator could be 1used
in its place. T used an ordinarv broadcast
cotl with a small primary, then umwvound
a number of turns from the secondarv and
used an old condenser considerably farger
than those now in use. This enables me to
tune easily to a point right on the high or
low edge of the range of any modemn

{Continited on page 37)

Left, top~The 2-tube phoro oscillator attach.
ment, Bottom—Schematic of the amplifier.
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Dynamic Tube Tester

Mutual Conductance Meter for Accurate Tests

ITH few exceptions, all the

tube testers on the market to-

day are the total emission type.

All clements but the cathode

are tied tomether and the emission oi the

cathade is measured by a D.C. milliam-

meter, Such (esters require few parts and

are useful for shorlt and emission tests of

rectifiers and output tubes, wlere the emit-

ting ahility of the cathode is one of the

major iactors. in other types of tubes they

have severe lLimitations, for they give no

indication of the tubces’ transconduciance,

abbroeviated  snn (Alotual conductance,
abbreviated Gm, means the same.)

Transgonductance by formula is:

dip change in plate current

sy = — = -
dEg for given change in grid vullage

Thus, if an A.C. signal of 1 volt is -
pressed between grid and cathode of a tube
with normal plate and bias voliages and its
AL plate component measured in micro-
amperes, the result is a direct reading in
micromlios {aMhos). I the AL, output is
1 MA:

dlp .00l
S —— =
dEg 1

Since the wbe's S is directly affected
by emission, plate resistance, positioning of
elenwnts, cte., the test 15 made under con-
ditions closely approximating actual work-
ing conditions, This type ol test is greatly
superior w straizhit emission tests. lv has
even been found i lile tests on a number
ol tetrodes that while cmission fell off with
somic tubes o a point where they might
have been rejecied by an emission tester,
their sm lad actually increased and they
were more ellicient amplibers than when
fivst tested.

Figure 1 shows the basic circuit for such
a tester, Theoretically the output measur-
ing device should be an AC. milliammeter
of the dynamomerer type which responds
to the AL However, since such instru-
ments are scarce, it has been replaced with
4 choke L1 to apply the plate vollage, an
isolating capacitor €1, a diode rectifier and
e, wnllinmmeter M1 It will be noted
thiet the output wnpedance of the circuit
comprised of L1, €1, V2, M1 and R2 is
yuite low. Thercin does the Sm test differ
from actual operating conditions, for the
purpose is to measure the A.C. output into
# lowd small compared to the tube’s plate
resistance,

1000 u MMhbos,

THE REQUIRED EQUIPMENT

Since, due to war shortages, odd parts
are to be used, no specific values are given,
T1 supplies the 60-cycle A.C, signal for the
control grid and can be any step-down
transformer, a winding on the power {rans-
former, filament, bell-ringing or even an
output teansformer, since no ¢urrent is
drawn from it. R] is to adjust the voltage
applied to the grid and can be any value
of volume control. It can be set at one volt,
or if the meter hasn't sufficient fexibility,
it can be put on the panel amd set for vari-
ous Mho scales. This would also be a
simpler procedure than switching shunts
across the meter for lower range meters.
L1 can be a filter choke, audio choke or the
primary of an output transformer. It should
have low resistance so too great a D.C,
drop will not be created across it when

testing power tubes. It should have fairly
high impedance at 60 cycles—say at least
30 ., C1 and C2 should be paper capaci-
tors offering low mipedance at 60 cycles—
2 Mid, preferaliy larger.

The meter can be any [2.C. milliammeter
with a fundamental range of from 1-6 MA,
though a higher range could be used if the
;1xcd grid nput volltage of one volt was
increased. Lower range mcters can have
their scales extended with suitable shunts,
since tubes vary in Sm from a few lun-

It {orms the diode load and is adjusted for
maximum feeter reading with a given input
signal. Once adjusicd it can he left sct or
replaced with a hxed resistor. R4 is the
potentiometer (any volume control) for
giving the tube its required hias. Tt must
be much larger in value than KR35 so that it
will not pass too much current due to the
drop across R5. 1t will be a front panel
contral and will be calibrated. Its setiing
determined by meter measurement, and
listed for each tuhe.

. Sen

~Bias ns =

Y-

_.,_0 N

Figs. | and 2—Basic circuit of tha simple transconductance tester described in this !I";IC‘IB.

dred to about 600 micromhos, the scale or
scales will have to be rcadable from ap-
proximaiely 0.2 to 6Ma. V2 can be a diode
such as 6116 or B4, Any tube with good
cathode emission can have its grids and
plate tied together to operate as a diode,
and will work here, RZ2 can be any potenti-
ometer that will carry the meter current.

The rest of the instrument requires: 1--
A tapped filament iransformer T2, 10 supplv
all tube requirements between 1.1 and 117 v,
2—A source of B supply of about 350 v,
with good regulation and bleeder tapped
ahout every 50 v. to supply varicus plate
and screen potentials and lias. 3—An array

(Continwed on page 47)
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Fig. 3—A complate schameatic of the chacker, Tuba socket tarminals are connacted in parallel

and connacte

to the numbsred posts just below. The actual wiring has besn omitted for

greafer clarity. Connections are made to tha voltage posts with the help of a tube manual.
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A Pen-and-Ink
Code Recorder

ERE 15 a code tape recorder you

can construct from odds and ends.

It will record with fidelity up to

50 words per minute. With this
machine you can improve your sending by
key or bug, It can alse be connected to a
short wave receiver, with proper rclays
and amplifier, so that it will record cude
directly from the radio to le transcribied
later.

The construction of the recorder is very
simple, 1t uses an clectromagnet to vibrate
a fountain pen in a vertical direction while
a paper tape moves slowly in a horizontal
direction, thus forming dois and dashes.

The first and most buportant considera-
tion in the construction is the tape puller.
The author used an Instructograph Jr. code
practice machine, Plenty of these old unils
are in existence, and the constructor should
have little trouble in obtaining one. Hf one
is not available, it should be possible t
build a tape puller with an old spring or
emall electric phonograph motor, with the
necessary governor and worm gear to re-
duce the speed and supply the variable
control necessary for the tupe.

As tnost of the construction witl depend
on the physical features of the tape puller,
the tape guides and manncr of mountng
the recorder unit will ke left 10 the reader.,
With the pliotographs as a goide, he should
have little difficuliy. )

The recorder unit was built on two
pieces of Masonite. (n the front piece
(3 x 414 x M4-inch) brackets were mount-
ed to hold the armature, clectro-magnet
and adjustable stop. These brackets are
made of 1/16-inch steel but should be even
stronger. The electro-magnet and armature
came from one of the relays in the culout
can of a 1939 or 10 Tord. The ¢lectro-
magnet has o winding of one nch in
length on a s4-inch soit iron core, It s
of No. 30 wire with a total resistance ol
12 ohms. The armature has a plece ut
spring metal riveted onte it, which provides
the pen with return action, A prce ol
1/16 x 14 x 2-inch strip of iron is soldered
onto the armature and this, with o tent
piece and an adjustable screw, form the
pen holder. The pen is an ordinary Ioun-
tain pen using ordinary ink. The pen point
should be slightly filed so that it will write
smoathly when perpendicular to the tape.
1t passes through a hole on the Masonite
ta write on the tape which is guided hv
tinplate guides as scen in the photographs.

AN that is necessary is that there shonld

RECORDER

SENSITIVITY
CONTROL

be eonough power o IV
the relay inovenwent RELAYS
to pull the pen down The coda recorder together with its amplitier and fwo rolls of taps.

with a positive ac-
tion, and let it go withbout sucking. The
pen should be so mounted that it will
move on the paper with practically no
friction.

The back picce of Musunite has siots 10
adjust the position ol the pen relative to
the paper, making it possible to write three
or four rows of code on each side of the
tape. Spools of 2 to 217 inches in dimmeter
34-inch thick made of hardwood, were
used. The tape is ahout 33-inch wide and
is made by splitting fifteen-cent rolls of
234-inch adding machine paper imo three
strips by using two razor blades and the

xUNIVERIAL QUTPUT
. TRANIFORMER
RECEIVER
o
g
S
uw
SPEAKER = ~

Fig. Z—Hookup for recording from recaiver

proper tape guides mounted on o suitahle
board. The strips are 800 to 900 feet in
lenpth, which when recorded on both sides
with thiree rows of code to a side, provide
a very economical method of recerding.
Possibly tape of the proper width can be
purchased, but the writer found it so
convenient to cut the adding-machine tapw
into strips of the proper width that Le
did not bother to scarch for sources of
supply,

~The amplifier is connected to the duode
arcuit of any good recelver, as slhown in
Fig. 1. Obviously the groonds ol the twa
receivers mmst be common, as the prid
return of the first tubw in the amplifier 1«
through the diode load circuit of the de-
tector. The code recorder can also be con-
nected straight across the output of 4
stnaljer short-wave
receiver, such as the
common two-tobe re-
gunerator. When so
connected a condens-
er may he run to the
plate of the receiv-
er's output tube, and
a resistor of .5 meg-
chm or greater is in-

{EFCEIVER)

AF ; il
1 @ S‘::rc i i J. ’ -J'[k.":ﬂ VIPY FONT K
o

3

RELAY

RELAY

Kg. |. abeva—Tha amplifier circuit, to the right of dashed line.
Right—Clearar detail on the recording unit and pen-holding device.

2

serted I the grid corceit of the trst am-
plitler tube. Bettor resolts will be obtained
with reccivers using AV as the outpud to
the ampliticr will not vary as woeh,

l“'or recurding from the air the 10C, am-
phtier with relays shown Loy proven satis-
fuctory when conmucted to the diede recti-
ner onoa super-lher, witl the AV shorted
out. The relays and recorder shonld be
provided with U1 mrd, condensers to lwep
the relays Iron sticking and prevaa radio
lerlerence.

IE the cotdensers are touw suad] that will
canze chatiering; it 1wy are oo big the
relay wiil not respond to fast keymy,
fonnd that 0.1-mful s were correct for
my sel-up, hut different values migln be
reguired Tor oiier reluys.

Because the power requiretnent is 6 volis
D.Cooat ¥ ampere, suome readers nught
hesitate to build this device. 11 was found.
however, thut the recorder would eperate
auite meely witheut o battery, by using a
dry reciidier to rectiiy  the output ol
shortwave receiver of tive or six watts
output, To record in this wanner the sig-
nal must be tuned in and the output trans-
former disconnected irom the loud-speak-
er and connected to the rectificr by menns
of a suitable switel The rectiber shoukd
he counected to the 13- or 20-clin tap on
thie transfourmer.

Lareuit is shawn in Ig, 2 Sinee the cur-
rent flow 15 ligh, the small metes-type
rectificrs will not he sat-fwctare, Ll
Irom old battery-charces or cectain lood
speakers waork well, bFyven o hrolen-lown
umt may sonctinies be used, b clhooelines
with an olmemeter for <horted scetions sl
removing thens Test k1 one way, chen
the atber, across cach guir of dises, Inoa
rood unit the resistuoce is much higher i
one direction than the other.

When building a recorder of this Ty,
the reader will find th many Smprove-
wents will sugrest themselyves,
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TRANSMISSION LINES

IE radio trainee is never out of

trouble. No sooncr docs he learn a

thing—thoroughly—than he is told

something that contradicts it flat
Starting out with simple things like cou-
ilnctors and insulators, he assures himself
it he knows iast where eleciricity will
po amd where it won't. Then he is imro-
duced 1o AC and  the comdenser, amd
sees current flowing in a cirowt contain-
ing a perfectly good nsulutor, When hie
gets up to electron tubes, he finds cases in
which even the unshakealle Olim's Taw
appears to be ignored. And when lie gets
through all these diflieultivs and knows—
or think he knows—R.» thenry, e is up
against & new sticker when le runs into
antenna probleres. 1le fnally does learn
liow vou can have current on a short piece
af wire that goes nowhere, and as he fust
becomes an anthority on standing  waves,
nudes and loops, e helieves that new, at
last, he docs know radio!

Then be runs inte the transmission line,
All that e has learned ahont tuned circinits
goes into the discard, The eritical aned skit-
tish high-frequeney  enreents which (e
was told} had to he guided along earefnlly
insulied  and isolnted wires, cut to the
fraction of an inch, are supposed to find
theit way ta the antenna alang a pair of
cg:rc]cssl}%wisicd wires, anv  length!
Travelling along tlese crude-locking con-

— _/
T
/ [} /

fta|

(ol
Fig. {—At {a) we have a standard radio transmission line, and at {b) the same

line as it often appears in practice with transpositions . 1
an 'infinite'* ling looks to the radio-frequancy currents flowing theough it

ductors, they are actually expected to de-
liver power al the end, and that without
serious loss, If it is inconvenient 1o use
two wires m the line, one will do! It may
also be any convenient length. The new
radioman is hoth hewildered and suspicious.
These lines ignore all the rules of radio.
They scemt so simple as to be impaossible to
understand. There must be a catch some-
where!

Transmission lines really are as simple
as they lock, hewever, as we hape 1o show
mmediately, “Dimt™ savs the trainee who
has heen stodying up a little, “isn’t this
rontrary to evervtling we have ever learn-
el abont radio? And if it's stimple, whar is
this impossihle-named ‘iterative impedance’
we read abaut? An impedance that remains
the same whether vou have a mile or ten
of line, and docsn’t even chanae with fre-
quency, Doeen’t this contradict all our
ideas of A.C. bhehavier ™ Tt does, and since
the road to knowledge lies through har-
monizing contradietions. we are an the
way to learning something ahbout trans-
mission lines—and about radic!

Note that high-frequency currents can
flow bLack and forth on a single piece of
wire connected te nothing, (We can set
up such currents by exciting a similar
piece of wire with a transmitter, a few
feet away from our “free” acrinl) At the

middle of this wire, fairly heavy currents
flow. We would expect the impedance here
to be fairly low. Out toward the cnds,
voltages rise and current drops; the im-
pedunce becomes higher, in other words.
At the ends we have practically infinite
impedance (no place for the current to
go), zero current and lLigh voltages.
This high wvoliage is due to cm\ydmg
topether of electrons at one end of the
wire, with corresponding  scarcity at the
other end. As soon as the cxciting volt-
age drops, these electrons start to tush
back again. The radioman says they are
reflected from the end of the wire, The
result is that we have two scts of waves
on the wire—those due to the hupalscs

from the tramsiitter, and the rcﬂ_vmc(l
waves. 11 the wire is cut to a suwitable
length {a bhali-wavclength for example)

the two sels of waves re-inforce cach
other and we have a standing waee.

AN INFINITE TRANSMISSION LINE

Standing waves can take place on wires
other than carefully-cut antennas, [t was

because of unpleasant  aml  unexpected
proflems on the frst AC. power lines
that that they were first brought  em-

piatically 1o the attention of the cnginecr-
ing prolfession. These lines showed yueer
characteristics—insulators  would pop  al
certain — abwayvs the
/ same—npoints, though
voltages were  kept
well within the sap-
? posed  Louruls  of
WO END safety. AL other
10 TRIS LT .
points the conductors
would burn out con-
tingously, Invespbgne-
ors rushed to the
scene  of  trouble
found voliages many
titmes  Meher  than
that supplied by the
generator  at the
paints where the in-
sulators kepl on
breaking down. Amperes were practically
nil. At the other trouble points, fantasticully
heavy currents would be found, with no
voltage to speak of. Reflection was the rea-
son, though it was some time before the
snzrineers found it out, and longer befure
they discovered the remedy,

To o over the ground they did, let us
study a line Like that of Fig. 1, This may
be a power line, or the tnore familiar
raclio ling, consisting of two picees of wire
about four inchies apart. It ntav also be
the well-known  “doublet lead-in”™  (two
picces of insmlated wire, more or less
tightly twisted), a picce of co-axial ealde,
an ordinary telephone line, or cven a
single lenpth of wire, Tig. 1 (D) is the
commaon transposed radio lead-in

For the purposes of our study, we arc
going to imagine this lne dufurdefy long.
It just isn't going to end! (No onc 15
planning to construct such a line—think-
ingg about one just makes it easicr to
imagine some of the things that happen
on an ordinary transmission line, complete
with heginning and end.)

Our “infinite line” {ves, that's all an
infinite line is) is now connected 1o a
source of power. We may attach its ends
to a 60-cycle gencrator, or terminate them
in a loop of wire and couple it to the
cutput of a radic transmitter. We may

{c} thowt how such
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cxrpect to put some power into it, as the
{wo wires live a certain capacity ta cach
other {or the single lines 1o carth). We
can consider it 2 sort of condenser, and
cxpect a charging current to flow. But as
current flows nto the line, it meets with
some resistance, and as the advancing cur-

[ A C GEN.

{ ® |
CX M

i A

QQ?U fj

)

i SHORT

Fig. ?—How tha charactaristic Impadance of an
alternating-currant transmission line Is arrived at,

rert builds up a magnetic field around the
wire, it also has (0 overcome some in-
ductive reactance,

WHAT THE LINE 1S MADE OF

The line then looks to the curremt very
much like the structure of Tig. 1 (c). For
purposes of study, it can be hroken down
into a number ot parallel lengths of wire,
cach having a certain amount of indue-
tance and resistance and with a certain
capacity belween each length. You can
mitke vour lenaths a centimeter or a mile—
it makes no difference.

It shonld be quite nossible to measure
the impedance of such a ling, if it were
not for the iact that it is infinitely long,
anedd measuring the infinite Is not a practical
proposition,

We can measure the impedance of such
a e, though, and do it with a rather
short section. Fig, 2 shows how. We first
measure the section with the ends open and
then with them shorted. [f the section is
made short enough, the impedance when

open-circutted  <honld  be  practicallv  in-
[ 1
! i }\ Yy >\
THOLINE

(a)
| < —
| 400-600C 11 LINE
f {b)

J

Fig. 3, {a)-—Ordinary “doublat antenna’™ with low-
Impedance lead.in. {b)A high-impedance doublet,

finite, and there will be no measurable im-
redance when it is shorted. 1f we lengthen
the lines a little, the apen-circuit im-
pedance drops {due to the increasing cap-
acity), while the short-circuited impedance
rises (hecanse of the inductive reactance
of the lengithened wire).

Obviously, if (he lineg were made long
enough, there would be little difference be-
tween the short- and open-circuited im-
pedance. Actual experiment with a few

(Continued on page 46)
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CAPACITOR CHECKERS

Wheatstone bridge circuits and
novel oscillators are combined
to make three good instruments

T OUNE time or another the ex-

pErIMenier, amateur or Serviceman

15 fzced with the problem of meas-

uring an unknown capacitor or re-
sistor or perhaps the nmcasurement of one
that may have altered in value.

To enable meusurements 1o be taken
with some degree of accoracy, most ap-
paratus for this purpose i3 constructed
around the principle of the Wheatstone
Bridge, and all ot the bridges cdescribed
it this article employ those prineiples,

The Wheatstone Bridge in its simplest
form is shown in Fig. 1, Jt consists of a
symmetrical network of six arms, ong con-
taining a source of current such as a bat-
tery or oscitlator, anotler a  detector,
which may be a pair of phones or a gal-
vanometer. When the impedances of <1,

R3, X4 are in proporiion, no currem
flows through the detector arm because
points A and  are at 1he same potential.
This condition is realized when R1/R2=
R3/R4, which is the same as Rl x H4=
R2 » R3. From the above it will be seen
that if three of these resistances are
known, the remaining one can be caleu-
lated.

In Fig. 1| the resistor K4 is the un-
known, but if we nake R3 variable as o
Fig, 2, then by altering this resistor (K3},
a point may be reached where the detector
will show no reading, as points A and
will be at the same potential. This is

from 10 to 100,000 oluns, and of capacities
down to 100 mmf., with a1 reasonable de-
gree of accuracy. The bridge is encrgized
by a Neon lamp connected as a relaxation
oscillator. The AJF. transformer is an
ordinary broadcast-receiver type with a
ratio of 3/1 or 3/1. The condenser Cl,
value 005 mid, is connected across the
neon lamp and determines the frequency
of oscillation. This valuc may be altered
to produce a suitable note in the phones
by substituting various values of Cl. A
high resistance K1, of 0.3 meg., is con-
nected in series with the transformer and
neon ta limit the current passed. The D.C.
voltage sapply is determined by the neon
lamp emploved. One operating around 100
volts is suitable,

RZ and (2 are the standards of resist-
ance and capacity respectively, They should
have close tolerances, preierably 1% or
2%. Variable resistor K3 is of the wire-
wound potentiometer type with a value of
10,000 ohms, “linear taper”.

HOW TO OPERATE THE BRIDGE

(1) Connect to D.C. supply.
(2} Connect a pair of headphones to the

- = =

CFIG

Z000

e
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1

]
PHOKES CAR

1 WEQ
0l LS
103

20

FlG.4 FIG.5

“Ro— -0 o

Fi%. I—Wheatstone bridge circuit. 2—Practical adaption, with one variabls arm, 3—A
D.C.-operated checker, 4—Circuit using tube oscillster. 5—A rasistance-capacity checher.

known as the null-peint metiiod, Tt cun be
readily seen that by employing K3 as a
standard against which to check the un-
known {(R4), a large range of values may
he measured. Let us suppose that K4, the
nnknown, is higher than the maximum
value of the standard R3 If R2 is muade
1} times R1, then K1 at halance is 10
times R3 This point illustrates a very
useful quality of the bridge method. that
of extending the ranne of comparison
beyond that of the standard

Fig. 3 shows a simple practical type of
VWheatstone DBridge, which may be em-
ploved for the measurement of resistance

24

terntinals provided,

{3) Connect the resistor or condenser to
be tested across terminals C and R,

{4) Set the switch to the C or R siand-
ard.

(3) Rotate the potentiometer knob until
the audio note provided by the relaxation
oscillator is no longer heard in the phones
or js at a minimum, The scale oi the po-
tentiometer i5 calibrated, this being done
by placing known values of resistors and
condensers across the C and F terminals.
A reversing switch may be incorporated
to reverse the bridge action, then calibra-

tion on the resistance tange wall Biold good
Tor capacity also. As the current dramn is
very small it is suitalle to nse "B7 hat-
teries as a [D.C. source.

A siall self-contained portable bridge is
shown in Fig. 4. This amit may be huil
into & box measuring 7 by 3 by 4.
imches. The range or measurement is from
100 ohms to 10 megulms and from 10
mmi, to 10 microfarads. The tbe oscil
tates at 2 low frequency to energize the
bridge, and a pair of telephones are em-
ployed as a balance indicalor. "B" voltage
of only 6 to % is required. This can be
supplied from a “C* hias battery. The tube
can be almost any battery type triode
The method of operation is similar ta
the previous one. This potentiometer is
also of the linear wire wound type, so
that its resistance is proportional to length
of elewent, It shouid be calibrated against
known wvalues of resistance aud capacity.
The resistors R1, R2, and capacitors
1, C2, 3, should again be of close tol-
erance as they are (he stundards. This
unit may also be used as an ALY, oscillator
for providing signals when testing the AF,
stages of receivers and aplifiers,

The third hridge—shown in g -
utilizes the 0I5 magic eye tube as the bal
ance indicator, so doing away with head-
phones and cnabling greater accuracy tc
be ohtained, as well us a greater range of
measurement. This bridue will measure re-
sistances irom 10 ohms ta 10 megohms
and capacities from 10 mmf. to 10 mid.
It incorporates » leakage test using a Neon
latnp and alse has provision for measttre-
nient of power factor. When constructed
)vilh close tolerances it is a most versatile
instrument, and should help fill the need
of servicemen for a reliable and portable
instrument.

EASILY BUILT AND CALIBRATED

The instrument is ALL vperated and
completely self-comained. There is nothing
difficult in its construction and it is quitc
easily calibrated aganst known vatues. i
possible & resistance box should be used
tur the calibration. This will ensure a
greater degree of accuracy. When an un-
known resistance or capacity is connected
across the C and R terminals and the
range set to the appropriate position, the
potentiometer s turnmed untit  maximom
shadow is indicated on the 6135, The value
of the unknown element is then read on
the calibration scale. When testing con-
ensers, if balance is difficult to ohtain,
probably the condenser has a large loss.
The variable 2500 ohm resistor in series
with the 1 mfd. condenser will assist in
obtaining a balance. This resistor is also
used for the measurement of power factor.
1t should be calibrated in power factor-
percent. The method of doing so is as
follows: Temporarily short-circuit the 1
mfd. rondenser and balance the 2500-ohm
varfable resistor against fixed standards
of resistance placed in the C and R ter-
minals. These standards will range from
approximately 80 ohms for 2% to 2400
ohms for 60%.

(Continued on page 46)
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SHORT-WAVE
INTERFLEX

Truest high-fidelity is obtained
with a crystal detector. This o!d-
time circuit has crystal quality
combined with tube sensitivity.

.

HE long-scorned crystal detector is

still unchallenged as the best from the

standpoint of fidelity, in spite of all

modern techmical advances, All that is
necessary to prove this is to hook one up
to the input of a really good modern am-
plifier, and listen to & geod local stapion.
The improvement over a high-fidelity. band
expanding superhet, or even T JLED e
ceiver, is striking, and one docs not have
to be a musician Lo appreciate it.

The crystal is well alead from the
standpoint of simplicity, too. No other de-
tector is as cheap to build or as foolpruocl
to operate. In spite of these facts, two
things have kept the crysial out ol com-
mon use. Iirst is the troublesome and time-
wasting process of getting the cat-whisker
properly adjusted, and of keeping It so.
Second, the crystal’s lack of ampliication
timits its range to a few miles under most
normal conditions.

The modern fixed crystal completely
eliminates the first obstacle, A pood fixed
crystal requires less attention and adjust-
ment than a vacuum tube.

Several attempts have been made to
overcome the second difficulty. Some have
been successful, others not, As alrcady
stated, adding a good amplifier makes the
crystal a practical receiver for local sta-
tions. High, long acnals may incrense its
range to hundred tiles or more, The
lack of selectivity in the ordinary crystal
circuit is a further obstacle, and to gain
distance without interference it is neces-
sary to use vacuum-tube circuits with the
crystal.

Among the most practical of such suc-
cessful circuits were the Harkness Re-
flex and Hugo Gernsback's Megadyne and
Interflex. The set I am about to describe
is a modernized and considerably changed
version of the famous Interflex, Though
the Interflex was put out in three forms—
straight, balanced and regenerative—] am
following the original set.

On examination the schematic can be
broken down into three parts—the crystal
detector, audio amplifier {which includes
both tubes), and the power supply. In my
case the secend tube was so hooked up
that it could be used as an amplifier in
connection with other experimental work,
The set could of course be built in one
unit if desired.

The crystal detector iz hocked up in
standard fashion, the only difference be-
tween it and afiy other being that instead
of having a pair of phones and a phone
condenser -across the output it has - the
500,000-chm gridleak and the grid-cathode

capacity of the tube. This manner ol con-
necting a crystal delector to sty astclio
amplifier deserves some attention. Instend
of using a transiormer with its attendaa
losses, the Interflex uses a direct coupling
from the crystal to the aundio grid. The
unly voltage present in the detector circutt
is the signal voltage. The most{ important
purpose of any coupling device is to isolate
the plate voltage from the next stage,
while letting the signal pass througl.
Therefore there is no reason here for using
any coupling other than an ordinary pieee
of copper wire.

Uonstruction of this s too simple to
warrant tnuch discussion. [f it 1s the build-
er's desire to hook it up all in one unit,
the filaments may all be hooked in series
and a line cord of approximately 200 ohms
used. The condenser in the antenna circuit
will be found useful in increasing selec-
tivity. Some people are a bit puzzled by the
low resistance of the first tube grid resis-
tor, but if you remember it is an audie
amplifier and not a detector, the resistance
looks more like normal.

There are only three cautions to be
impressed: 1—Keep all leads as short as
possible. 2—Do not ground the set except
as shown in the circuit diagram, 3—When
using the additional power amplifier sec-
tiont be sure that the leads to it are proper-
Iy connected. Adter yon have finished the
construclion, it is wise to check the wiring
at least twice to make sure you have nu
mistakes,

This set is a joy to handle—there are
no tricky regeneration circuits to whistle
and how! at vou. There are no image in-

How the Interflox locks. Layout details may
be meodified to fit the constructor's ideas.

dyne, no distortion with strong signals as
with codenser-leak detectors, and best of
all, pienty of wolone. It s a really fine
high-quadity set for either the fellow wha
s ahout to boild his first AC-1LC re-
ceiver  or  the experienced  biilder who
warls 1o wet the best possible shurt-wave
set with the least cash outlay.

1f regencration is destred, iU can be add-
ed by uwsing any ol the common short-
wave regenerative circuits. A tickler can
be inscried in the plate circuit or  the
cathode return brought to o a tap in the
grid coil, using standard regencration con-
trol fieans.

:'\ list of the parts used 1in construcung
this set follows:

Parts List:

Cl, C2—130 mmid. variahte

C3—8 mid., 33-volt elecirulytr
C4-—003 muica or good paper

C5, Co—16 mid. 250-volr eleornlytics
C?——10 mfi,, 35.voit etectrulytic
C8—005, (if required)

R1, Ra—.5 megohm, 1L watlr
RI—9000 oluns, 2 watls

R3i—0.25 megohm, 14 watt

1.1, L2—5tandard plug-in coils
CH—Any good A C-1LE, choke
V1—6F5 or 65F5

VZ-—252S5 or 23Z6

Amplifier:

R5—600 ohms, 2 wartts

RIL—Iine cord rvesistor, 274 ohms
RL. amp.—Lite cord resistor, 300 ohms
VI-Z5A6 or 4)

. I the set is built in one unit, with all flaments
in sertes, the line cord should have a resistance
of 200 chma.

Schematic of the Short-Wave Iaterflez, including its temi-independent amplifier wnit.
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Two Cigar-Box Radios

A Special Regenerator and a Standard 3-Tuber

HE circuit sketched is a champion.
Tuned to any one of the four Tor-
onto broadeast stations or WONR or
WEBLEN, Buffalo, one 6AB-GT will
drive the 3-inch speaker at any time of
the day, amd will pick up a lew more,
including WHN, New York, in the even-
ing. Volume is quite adequate for a per-
sonal radio—all one should use in a hotel
to avoid disturbing guests in adjeming
rooms.

The circuit makes any explanation al-
most unnecessary. The inner two grids of
the 6A8-GT are used as grid and plate of a
grid-leak detector, the output of wluch is
transformer-coupled to the control grid as
an audio stage. Exceptional siability 15 an
outstanding feature of the circmit. Gond

An coriginal reflex circuit, whose efficiency
may be due to soms coupling in the 6A8 tube.

R.F. filtering and the fact that but two
turns of regenmeration are used account tor
this, The latter accomplishes another use-
ful purpose—it permits operation of the
regencration controb at near full seting,
insuring neur-maximum plate curvent and
conscquently  improved power output for
speaker operation. Tuning  squeals  are
practically eliminated.

The andio stage is quite conventional.
Ordinarily one wouldnt necd the .0008
condenser across the transformer sccon-
dary if it's a reasonably good one. 1 had
two from an ancient Marconi—both with

The set looks well in its cigar-box cabinet.

shot primaries. 1 heated one until the
primary would push out and rewound 1t
from the other secondary. Duilding back-
wards in this {ashion, it was bard to get
enough urns on the primary to keep the
turns ratio low, 50 the condenser eluninates
a stight endency to distort on loud lighs
otherwise noted.

As for power supply, almost any type
will do—[ used a 6K7-(; for a rectitier,
Liather a capacity-resistance or  Capacity-
inductance filter is satisfactory the laiter
giving slightly better speaker volume, Humn
was non-existent in eilher case, The choke
was a tiny output transtorer that | ocould
never muiteh wath anything, Note that when
resistive filter was used the bleeder was
placed at e cathode rather than the L-
plus side to avoid the considerable voliage
drop resulting from forcing his surplus
through the iilter.

The rather farge antenna coupling con-
denser is necessary for speaker operation
as is an antenna of approximately 40 rect
overall fength. For headphone operation,
selectivity may be increased by reducing
antenna length or using a small coupling
condenser,

A coil of 90 turns of No, 28 enamel
wire, close-wound on a 14%-inch [orm, will
prove suitable, as will any ready-wound
broadeast coil, The tap for regeneration on
ny set was taken off at only two turns
from the ground end, While | would not
like to try to explain how, e activn of
the set leads me to believe that there is
some further regenerative effect due to
some special kind of coupling inside the
multi-grid tube.

The set is at present on a cigar-box
breadbouard, It 1 intend shortly o pu it
m a “cabinet” similar to the set shown
in the photographs, This is the receiver [
carry in my grip, and reully is a hongey—-
2 65F5's and a 32L7, A circuit dingram
15 appended in case anyone should be in-
terested, thougly there is absolutely no
departure from the orthodox circuits—
which by this time should be known to
everybady—in this receiver,

Neon Checker

The little voltage tester offered here is
made irom odds and ends available to most
experimenters and is very useful if care is
used in calibrating it

The indicator is a Y-watt neen bulb
connected 1o a potentiomcter so that the
voltage can be adjusted till the bulb just
“strikes,” This striking voltage is very con-
stunt; though it is different on A C, and
13.C. and calibration curves must be run
for each, using known voliages, The test-
er Las an A.C, range from 1 volt to 300,
and a IN.C, range from 73 to 300 volts. The
ranges can be extended higher by the ad-
ditien of a couple of resistors.

The main feature of the set is the trans-
former, which is an ordinary push-pull out-
put type. Other parts necded are 2 10,000-
ohm  wirg-woitnd potentiometer, the neon
buib, several resistors for multipliers, seve
eral tip jacks, a pair of test leads and a
jumper with phone tips on each end, and
dial plate and knob.

2OMEG

5T

} Tao 40"!"

-

A compact threa-tuber for travallers' use.

from Old Parts

5 o
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AT is the most efficient meth-

od of attack on record chang-

ers in need of repair? The

answer : simply the same logical
approach used on elecironic circuits. IMut-
ting it into general terms:

Visualice the mechuanicol actions step by
step in g manncr stntlor 1o the way eleciri-
cal reactions are considered stage by stage
in a radio sel.

Many faults are so logical as to be per-
fectly obvious to anyone posscssing sof-
ficient curiosity to try a few simple ad-
JUBLITIONLS.

The grealest variety of troubles occur in
newly installed machines. It is improbable
that brand-new phonographs will be sold
for some time. The statement still ap-
plics to machines that have heen transport-
ed considerable distances and set up in
new  locations, This appears less of a
paradox when the causes are considered in
detail, It is easy to see that only a minor
misadjustment can interiere with the work-
ing of the entire unit. The cause of the
breakdown is all too oflen due to the set-
owner's ignorance of proper care and
operation of the set. Since prevention is
tlie best cure in this case, some of the more
usual causes are discussed first.

1. Improper Unpacking

The unpacking of any radio-phonograph
consists of more than merely removing it
from the shipping box. During shipment
the radio chassis and phonograph umt are
hoth secured by "packing bolts.” These
are usually painted red for easy identifica-

Fig. !—A simple system for blocking up the
record changsr on the bench te make repaire.

tion and when removed leave the radio
and phono unit floating freely on rubber
ar spring mountings.

Symploms

Jamming of the mechanism in the midst
of a repeat cycle or failure to operate at
all may be due to binding of the mechan-
ism against the cabinet, caused by packing
bolts being tightened down.

[f a rim-drive motor spins but the tum-
table does not revolve, the motor may
have a separate packing holt preventing it
from floating on its pivoted mounting.
This particular belt is sometimes never
removed but merely loosened enough to
free the motor. In this case, it may not
have been loosened enough to allow for
wearing-in of the moving parts.

2. Improper Packing

The above method of packing would he
used by the factorv or a service man in
preparing a set for shipment, but the
customer often ships the set himself. He
may fail to safely secure loose parts (pro-
bably not even using a2 box if he intends
to carry it in the family car. That physical
damage can occur is obvious, but loss of

rubber or spring mountiugs
can make i nnpossible far
the phono unit to yest on
an even keel., Tlns may

intericre a great deal with
the balance of the many
smaull tension springs used
to position the levers.
Syniploms

Dirapping records two at
a time, jamming one side
of a record and drupping
the other; starting teo far
in or cutside the edge of the record; re-
peating before the sclection is fimished;
all these faults are typical of a umit that
is not level.

Don't forget to check the floor! Older
buildings somctimes settle Ladly and can
contribute to {aulty operation unless the

ORIGINAL LENGTH .
OF SPRING

EXTENSIOM‘——L

Fig. 2--Replacement for broken ipring.

legs of the set are leveled by placing a
block under one corner, Don't guess; use a
spirit level,
3. Forcing of Mechanism

This is probably the maost prolific source
of serious trouble. Many people have be-
come familiar with ald style hand operatcd
phonographs, and seemingly cannot over-
come the habit of reaching for the pickup
arm when it 1s time for another record
to start plaving. They inadvertently forget
that sometlung else 15 handling the pickup,
the sensitive gears and cams of the repeat

Fig. 3—Bottom view of changer. Numbars
in circles refer to Fig. 4, below.

mechanism located below the motar boarl.
Levers can be hent and springs brolan this
way, hut it usually occurs that adjustment
screws are lorced out of position. These
are cquivalent in imporiance to the tuning
serews in R, and LEF. transformers,
Sumiptons

Failure of the needle 1o come down at
the proper place on the edge of the record
and [arlure of the repeat cam to dJisen-
gage, resulting in tle repeat action occur-
ring over and over without stapping to play
a record is one of the ty pical faulis result-
ing from such mal-operation. The list of
troubles attributalle to this cause may ex-
ceed the imagination. Care used in placing
the blame for the canse of breakdown may
help to prevent its reoccurrence.

If the set owner has developed a hahit
of operating his set in an improper manner,
lie may not be aware of the bad effects
since they appear gradually. As Jong as his
way of doing things gets resulis he will
persist in daing them that way, A few
tactful remarks can result in the discovery
of such a siuation and, once the true
cause of the trouble 15 konown, a bit of
helpful advice to the oweer will eliminate
a possible calllack,

4. Use of Old Records

An cexample of munintentiveally improper

operation is the use of phonograph recards

(Conlinued on page I8}

ADJUSTMENT ON:

EYMDPTOM GR TROUULLE

1. Friction Ulutch
an tripping pawl

Too loose—Repeat mechanism fuils to trip,

Too tight—Repeals ervuves over and aver,

{using a pood record}

2. Height of Pick-up

{Furnbuckle)

Ncedle drags on top record when 10 or 12 records are
stacked on turntable.

3. Needle Tanding placa
for 107 records.
{Set serews on pick op shaft)

recordy,

Needle misses edge of record or starts too far in an 107

4. Needle landing plece for 12¥
recorda.
(Eccentric sind)

Same a3 above but for 12" records. Thia must be aet afler
adjustment for 10™ records,

5. Distance belween
Belector Blades.
(Serew and lock nat)

Record selector hlades strike the e¢dzes of records instead
of separating them and sliding in beiween.

6. Distance of rotation
of Belector Blades,

- (Het serew on Selector Blade
shait)

Recorda, when released, fall In a lopaided manper instead
of beth sides simullanepusly.

7. Refect Lever

Rejgct Lev:t'r inoperative hecause of too forcefw] handling
{Requires bending or rexhaping) | by inexperienced nperatur,

#, Leveling of plaver.
1Spring retaining screws at
each curner)

Needle may faitl to <lide inte slarting groove of record
tf 1urntable is nuot level.

moving parts)

9. Diling. (Use SAE No. 10 0i] on | Squeaks that can spoil listening pleasure and ‘“‘drzggog’
maotor and petrolatum on other ; of motor dering operativn.

Fig. 4—Table of the most common record-changer troubles, The numbers refer to Fig, 3
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TWO-TUBE FM RECEIVER

HE receiver 15 usually not only the
weakest link i oan FA set. Tt is alse
the trickicst picce of cquipment to
constrict, and complctel} out of the
ringe obf the average exXper imenter’s Lacili-
tics in these days, unless some means of
getting around 1he use of the Mg A
superheterodyne is found. The recever
about 10 be described s not a tune-tried
circuit, Reception of FM signals has been
satisfactory on a set of 1his design, but
there s plenty of room for refincment,
improvemnent, and such general puttering
arcind as the ham experimenter loves.

In attempting to get around the use of
the big A super, let us see just what we
arc up against. The TLILF. ham working
with Al gets around it by fafling back on
the time-tried super-regenerative detector,
self-quenched or otherwise as the case may
be. What relation do these twao types of re-
ceivers bear to cach other? i we analyze
the superhet, we fnd that basically it is
built around a diode or triode detector igno-
:111:11011513, shoved away nnnmucd utder the
title of “sccond detector stage.”” The rest ot
the tubes, while placing the greatest drain
on (e amateur pocket and cansing him to
consuimie inuch headache powder, are actu-
ally nothing but devices to inerease the se-
lectivity and boost the signal a bit. These
are very laudable ambitons, Lot we find
that il we just turn the second detector into
a triode (if it 1=n0't one already) and add
the simple, well-known supur-regenerative
connection, all the complicated RLIF, awd
LI, systems may be calmly pushed aside,
and we still have a receiver of very passalle
gain and enough selectivity o get by on.

Now to apply our findings to FA equip-
ment. Going inside the A0 superhet, we
notice that the meek little second detector
has grown until it is graced by the im-
pressive name of discriminator-detector and
even has a subordinate—ithie liraiter tuhe—
to help it,

This last stage may be omitted with a
corresponding  reduction in the receiver’s
ability to cut out intericrence, tut even then
the problem of converting e discriminator
to a ¢ircult which can stand alene as a re-
ceiver without the preceding RUIF-LIY, sys-
teml Is 2 serious one, First let us look at

the circuits used in modern discriminator-
detector systems, The two almost universal
ones are shown in Fig. L

The cireuit of Fig. 1B depends for its op-
eration on a series of phase relationships
and resulting voltages in different parts of
the circuit. It is therefore very difficult to
adapt to any kind of regenerating system
such as must be used to get a sausfactory
single-wube receiver on the U.H.F. The cir-
cuit of Fig. 1A, however, operates on a
very simple principle and therefore (in
spite of the fact that its more complicated
coil construction has caused it to become
ess and less popular as a second detector
in I'M superhets) affords the experimenter
the opportunity lie needs.

If we study this circuit for a bit we find
that it really consists of two ordinary AM
diode half-wave detectors. Each detector
uses one diode unit of the 6H6 in conjunc-
tion with the respective tuned circuit x or ¥
and the respective 100,000-ohm load re-
sistor.

These two diede detectors are driven
from the same source and have their out-
puts connected in reverse scries—that is,
the two detectors are interconnected in such
a way that their outputs are in series, but
i series so that the two outputs oppuse
vach other and tend to cancel nstead of
helping each other. Now let us make some
curves by plowting input fregquency against
output voltage on cach dicde separately
wl then on the whole system. These
curves are shown in Fig. 2.

In 1Yig. 2A are shown the curves oi each
half wave detector operating alone. A regu-
lar selectivity curve appears in each case,
the ounly difference being that one is posi-
tive and the other i1s negative. This is be-
cause one reclifier uses as the “low”™ side
of its output the opposite side from the one
used by the other rectifier, Now let us drive
both detectors from the same source and
tune one so that ils resenant frequency ap-
proaches that of the other until the two
curves just barely overlap. We have the
ontput curve of Fig. 2B for the complete
system. The slight overlap of the two waves
15 uscd to straighten out the curved por-
tion at the base of the waves by cancella-
tion so that the wave will be as near a

straight ling as possible botween points
OP-QP,

1t will now be noted that the section of
the curve between these points is in the
form of a good discriminator characteristic.
[f an FM transmitter is now tuned so that
s resting (unmedielated} frequency is that
marked “operating frequency” in Fig. 2B
and 1then frequency-modulated so that the
sweep lies between the himits OF-0OF, the
discriminator-detector will give out the
modulating signal with u very ligh degree
of fidelity.

Now that we bave seen the operation of
this circuit, let us return to the fundamen-
tal elements of the system, These, we
iound, were two AM hali-wave diode de-
tectars driven from the same R.F, source
and having their outputs connected in re-
verse series, So we sce that cssealially our
sysiem consists of two AM detectors. And
that gives us just what we want. [t is now
possible ta substitute a couple of tricde
super-regenerative circuits for the diode
detectors we have hitherto been talking
about, connect their outputs in the same way
and couple their tuncd circuits 1o the same
antenni. Then we have a receiver with the
sensilivity of an ordinary AM superregen-
erative and incorporating the frequency dis-
crisninating characteristic  necessary for
proper reception of FM signals. Using
each triode unit of a double tricde tube
such as the 6F8 G as a superregcnerator,
we find (hat we have achieved our goal—
a one-tube super-regencrative FM receiver.
The circuit of this set appears in Fig. 3,
comuplete with an audio output tube.

Some experimenting may be necessary
with the connections on the windings of the
two audio transformers to make sure that
the oulputs from the twe detectors oppose
each other, It may alse be necessary to pro-
vide individual regeperation controls for
cach detector in case the output of one
proves to be appreciably greater than that
of the other.

Alignment of the sct is simple. Tune in
an AM signal on the high end of the band.
set the tuning condenser at or near mini-
mum capacity and adjust one af the 3-30
mmid. trimmers to bring in the signal on
that detector. Adjust the trimmer accurate-
ly to give maximum output as shown by

(Continued on page 30)
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Fig. 1, left—Two fundamsntsl FM discriminator circuits, The system ab B Is the cra now most commonly used in commercial FM recsivers.

Fig. 2, right-——How tha two saparate AM detectors of Fig. 1.A can be mads to operate as a discriminafor for detection of FM signals.
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WIRED R

INTWOUNITS

Carrier communication has attracted a
great deal of attention during the past

few years. This simple

be operated as an intercommunicator or
used in experimenting with the various
L phases of “wired-wireless” trcnsmission.

ADIO

equipment can

VERY good "wired wireless” results
are ohtainable with the simple equip-
ment described liere. T have bheen experi-
mending with these circuits for some time,
using approximately 200 Ke. as carrier,
Cormmunication has been carried on a dis-
tance of 6 blacks in a crowded residential
district of Berkelev, and undouhtedly greater
distances are easily nossible. Either phone
or C.W. signals may be transmitted.

The receiver, shown in Fig, 1. nces a
regenerntive detector, one stame of R.F. and
two staces of andio. Ttis builtona 7 x 7 %
2 chascis in a phvwood cahinet with AMason-
ite panel.

The receiver has snfficient sensitivity,
considering the high static level of the pow-
er lines. High selectivity is ohtained when
it is in an nlmost-regenerating state. The
tuning is broad when non-rerenerating.
The R.F. stame minimizes trouble dve to
frequency shifting as a resolt of cver-
changing load on the power lines.

Thiring periods of transmission, the re-
ceiver is silenced Py throwineg the switeh
from "receive” to “stand bv.” This switch
s monnted on the regeneration notentiom-
eter. The coil 1.1 is § turns of No. 24 to
30 wire, simply scramble-wound on a tem-
porary paper or glass tube, just hig eponeh
to fit over the pies on the 25-MH choke,
All other roil constante are given in the
dizgram. The turns of L1 are cemented to-
gether and then slipped over 1.2, its posi-
tion being changed until best results are
obtained.

A transmitter for hoth CW. and phone
is drawn in Fig. 2, B is a 63-volt bulb
used as an R.F. indicator. Tt is fed from a
single turn around the tank coil. The center
tap on the tank is adjusted for maximum
brilliancy of the huth. “Ch"” is a 100 RALA,

-

The carrier currant re-
caivar in its plywood
case, The scale is
marked for reception
of other "stations’’ on
the line-radic circuit,

modulation choke. T an audio amplifier is
already available, Fig. 3 may he nsed. The
regular output transformer is counected to
terminals “A.F."” to feed the large output
transformer T1 in the figure. A modulation
transformer or large class-I andio unit
should be used in this circuit, as the cur-

6L6-G

Fig. 2—Tha 5L& mod-

ping it in meled paraffine wax. Coil L3 s
macle v winding 204 inches of Neo. 20
wire on the salt box, tapping every 5 turns.
1.1 is 4 or 5 turns of book-up wire wound
on top of L3 so that it ean be varied to suit
Yine conditions, 1.2 is one turn around the
form just helow L3, and is the indicator

ulator and transmittar

GARBON
MIKE

circuit complate. Fig.

J—A svitable hook-up

for use if an audio

amplifisr iz available

as modulater. Values
for all coils are zup-

pliad in the article,

rents are very heavy, and the bigger your
transformer is the better.

Coils for either transmitter may be
wound on a 3i4-inch diameter coil form
(salt box). If an actual salt box is used,
be sure to moisture-proof it with a couple
of coats of insulating varnish, ar by dip-

GHD.
2.5 #H CHOKES

GHD.

Fig. 1—Coils for the 200-ke. roceiver are constructad from 25-millihenry R.F. chokes,
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light circuit for tank tuning adinstment.

The circuit may be adjusted for greatest
brightness of the indicator lamp with the
line not coupled to it, Then the center-tap
of L, s moved a turn or two toward the
plate end of the coil. This will reduce ap-
parent power. slightly, with notable in-
crease in stability and quality of speech
transmitted,

Chaice of frequency is an important
point in the operation of any transmitter
working over light or power lines. Chang-
ing the frequency only a few kilocycles
may make a tremendous difference in the
amount of power that can be put into the
line.

The indicator will show whether a nor-
mal amount of power is heing taken. If
the fump burns at full bolliance when the
line is coupled, little power is being trans-
ferred. 1f it moes out entircly, probably
too much is being absorbed.

All the circuits shown are straight for-
ward and used standard parts, many of
which may ke found in the junk-hox. I am
very pleased with my carrier current resalts
and hope some of you experimenters will
join me,
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This locator s
sasier 1o carry
through rough or
wooded country
than larger but
more sensitive mat-

al locators.

HFE writer has been bnflding and

using treasure locarors with gentify-

ing resalts for some 20 vears, [ ave

experimenied with larme and smal]
outfits during this period, have nzed simple
and complicoted cirenits, and eon state that
any good lecator, properlv devioned  and
construicted, will cive sead resule in the
Iocation af buried metal. As tehes, cirevins
and companents fnpreve I coalite, better
resilts become ebtainable with less diff-
culty,

My first treasure Tocator nsed the hirzer
svetem, This was oltra-iadern ar the tme
and the circiit was one af ‘he latest and
great sensitivity was claimed for it. The
exnloring coil consisted of 500 tirns wound
21" by 48" a lot of wire even with nn
shortage ! However, it was required at that
time.

After making ! connectinns w1 friend
and T tried out the gadeet. For hours we
strained at the phones bt were alle to
hear onlv a constart, wenk huzz. Finallv
there was nothing to do hot give up in
disgst, with a verv low opinion of Tocatoes
in general and this one in parcticular, \We
triedd azain a fow times on other ocrasions
and finally Lid the whole lacatnr where it
would he out of sicht and mind,

Ahout a vear later there arose an occa-
sion whent T suddenly renuired some length
of wire for some experiment (not in con-
nection with locatars) but found that T kad
nane on hand, T then remembered the ex-
ploring coil with its mile of wire, [ start-
ed to mnwind the loop and couldn®t lielp
feeling that the Tacator had come in handv
after all. What a break! What> A break?
Sure enough, about half wav down the
coil the wire had parted in such a wav as
to temain nnnoticed! This cpisode mav
partly account for the lact that I am now
known as quite expert in the use of all
methods of contimuty testing.

To get back to proper construction, the
best locatnrs T have ever huilt were the
anes described by Mre (50 M. Bettis in the
Feb. 191) Radin & Television, and in the
April, 1943, Radio-Craft. A numrber of
other excellent circvits are outlined at 1he
conclusion of this article. These are sensi-
tive circuits and will give practical results.

A short while ago T finished building a
verv compact treasure-finder which for a
small-size job s unneuadby sensitive for
mwetadl detection. Really goad results have
Been obitiined with it. The schematic is
sbiwn arul the phaotn gives an idena of phvsi-
eal siee. Incidentally, there iz plenty of
voom in e enbine:, which was used he-
cauee 10 lappened to be available.

The 3AR GT requires only .1 amps at
14 vel's when i filaments are wired in
parallel as it is in this case, The total drain
on the "B hatterv is less than a milliam-
rere, sa 1zt the drain on the pocketbook is
also small, There is room for improvement
in this cirenit so T am passing it along to
vint exfurimenters, [ leligve it would make
an easyv omtht for 1ke beginners in this feld
The circuit is seli-explanatory.

[ liave now started to experiment with

1-Tube Metal Locator

This Smallest Treasure Locator is Com-
pact, Simple and Reasonably Sensitive.

an ¢ven more compact treasure device
which will use two or three tubes and
which, | hope, will be the utmost in sensi-
tivity. It requires but 45 vaolts of “B" bat-
tery. Possibly I may Dave the circuit and
details as well as results available for
Radio-Craft readers in the near future.

in conclusion let me state as a veteran
in this field that exploring for metal is fun
and can be profitable, 100, Here's luck
to you!
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Tha one-tube treasure
locator L1, Lz is an or.
dinary  plug-in  coil
tunable to 1700 Kc. L,
explering coil 24" x 24"
x 47, It is wound with
14 turns of No. 4
wira, 1, Cz —— §5.
350 mmid. padders.

3ABLGT

5. 5 MM E‘

Ci1, 3-30 mmifd, trim-
mer used with short

I- or 2-foot aerial,

A
) a- .
A+ F+ 50

TWQ-TUBE FM RECEIVER
(Continued from page 28)

an output meter, indicating that the sig-
nal is tuned in exactly, Then tune the other
trimnter until the signal is reccived on the
ather detector. This will be indicated by the
meter reading falling to 0 or to a mini-
mum very near 0. The trimmer should then
be hacked off until the meter just returns
10 the peak previously shown by it. The
wocclvar il pevy reeeive BRT gienals. To

bring it to peak efficiency, the M trans-
mitter already described should be modu-
lated with a constant audio tone and the
signal picked up on the receiver and tuned
in for maximum ocutput. The last trimmer
mentioned above may then be adjusted to
give maximum output and fidelity. This
may be dome by ear, or with an output
meter.

I Receiver

Ll R
LLEvYE ]
13- B TLRNY
Vi IN. DML TER

k2
SAGDTY o E | L
GPFER THE BANS <2

LHF BRFC

DISTORTION JUST DISAPPEARS.

ADJUST TRIMMERS S0THAT ONE DETECTOR LAGS THE OTHER SLIGHTLY IN FREGUENLCY.
AMOUNTOF LAG 3HOULD BE INCREASED UNTIL DISTORTION STARTS AND THEN BACHED OFFUNTIL

Fig, 3—Complete diagram of the 2.tube FM receiver, with l-stage sudio for hwadpnones.
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Cross-Over Networks

ECAUSE of the difficulty of de-
signing a loud-speaker which will
function eflicieruly over a wide {re-
quency range, it bas been common
practice iy FAL radios and movie sound
work to use a “wooler” for the lower
frequencies and a "bweeter’” for the lLighs.
The twecter is generally a low-power unit
sinee the high frequeney sound energy 13
small in comparison with the low, The
wooler is a rugged, heavy-dity anit. The
job ol dividing the elecirical energy into
two paths falls to the dividing network.
A simple tvpe of network s shown in Iig.
L It is the voice coil resistince or spraker
resi<tance in olm, C is the capacity In
faracdks and f; is 1he erossover froquency in
cveles. Lois the induciance in lienries,

The cirenit actiom 15 easy 1o visualize.
A condenser is connected inoseries with
the hteh-freoweney speaker, Since conden-
ser reactance decrcnses 1s frequency rises
more high fregueney current gets through
to the tweeter than low frequency current,
thus  favoring the highs so far as the
tweeter s concerned. Also note that in
Tig. 1 a coil is connected across the high
frequency  spexker  terminals. Thus  the
shunt current  through the coil will he
greater at the lower {requencies, since the
coil s law reactance at these {requen-
cies. As the {requency rises the coill cur-
rent is decreased amd the current in the
high-requency speaker riscs. The epposite
action occurs so far as the low frequency
or wooler speaker is concerned. Tt has a
candenser i pacallel with 1. The shunt
reactance of the condenser decreases as the
frequency is raized, <honling away an cver
greatde amonnt of current from the woofer
at higher and higher frequencies.

Stll another form of dividing network
is shown in Fig. The nction here 18
somcwhat the same as in Fig. 1, hut note
that as X, decrenses not only is there less
opposition ta the flow of high frequency
sigmal enrrent in the tweeter, but also an
increased shunting of high frequency cur-
rent away from the woofer—ihrough the
condenser and tweeter, The choke coil L
opposes  the high frequency current but
offers relatively litile orposition to the
lower frequencies, Wote that, Tooking into
the input (orminals of this network at a
particular frequency, we mav run into
parallel resonance, At such a frequency
the load on the sonrce connected to the in-
pt will drop amd the output voltage of
the source will rise, which mav canse
feedback and oscillation in an amplifier
svslem, The damping action of the speaker
resistances, however, woulld tend to de-
crease the (O of the resonant circnit and
to give a hroad peak. sn that in 2!l proba-
bititv the resonant baild-up wonld bhe so
small as to call for no design features to
overcome i,

The tvpe of network shown in Fig, 3 is
sometimes used. The C and L values are
equal. This circuit is somewhat similar
to the basic type in Fig. 1, but here we
have added capacitive and inductive ele-
ments in series with tweeter and woofer,
thtts  enhancing the sharpness of cross-

aver and the f{requency discriminating
properties of the complex network, Thc
tasic action remains the same, series in-
ductance cutting down the hxghs and favor-
ing lows. scries capacitance highs, shunt
capacitance  cotting highs, shunt induc-
tance raising highs,

Anether form of network is shewn in

Fig. 4. It is apparent that here the series
combination of L and C across the input
may resonate at a  definite  Frequency.
When that happens, the vollage across the
coil in shunt with the tweeter will rise to
a peak walue \\hlch may be undesirable.
Hills and valleys in the response of the
speakers are not wanted, but a flat re-
sponse 15 often desired, A& great deal de-
pends on other design factors. For ex-
ample, if the speaker cabinct is of such
design that the lows are not properly re-
produced the peak may he permissible or
even desirable in the case of the woofer
and the series resonant circult associated
with it, An expansion of this network,
quite simple in nature, involves adding an
additional inductive element, as indicated
in IFig. 5. An additional capacitive element
is added in series with the twecter.

The division of frequencies is not com-
plicated nor difficult to arrive at, but
from a nraclu"ll viewpoint there may be
complications in properly distributing the
power. 1f ton mueh power is fed to a
tweeter it will overload.

A circnit that can bhe used on a practical
basts is that of Fie, 6. Caonsiderable fexi-
Lility is afforded hy the design. The
amount of power fed to the spealers can
be controlled by selection of the turns
ratios on the transformers. (See “Match-
ing Loudspeakera”) Further, in the case
of the tweeter, the power can be controll-
ed hy sclection of the series capacitive
clement €5 if pecessarv, Ulsuallv, O3 is
made Targe enongh so that it offers little
opposition to high frequency currents and
the amount nf twecter power is then con-
trolled by T2 and C6
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ULTRA RADIO
(Continncd from page 19)

recommends the use of a 15 inch antenna.

The characteristic superregenerative hiss
will be present on all frequencies if the
reeeiver is oscillating properly. When 2
station is tuncd in the hissing sound fades
intn the backgroumd, thus a lack of hiss

within the oscillating band will usually in-
dicate a station. Code wireless stations may
be rather hard to read, because of the silent
space present when the station is sending
out a dot or dash, and the hiss sound pres-
ent when the siation is not sending.

CL1 Approximate
TAPS COIL CL2 CL3 Warvelength
0 A 214 turns 334 turns 10-18 meters
spaced close
No. 20 wire No. 28 wire
0O B 41{ turns 414 turns 16-21 metera
gpaced close
No. 28 wire No. 28 wire
0 C 434 turns 424 turna 19-24 meters
close close
No. 28 wire No. 28 wire
0-1 D 417 turns 714 turns 23-35 meters
close close
No. 28 wire No. 36 wire
0-4 E 814 turns 1115 torna 35-75 meters
cloge close
No. 28 wire No. 36 wire
0.6 F T1{ turns 21 turns 75-120 meters
close close
No, 28 wire No. 36 wire
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but it is essential to good recording. It
seents that it “locsens up” the wire mag-
netically, thus permitting the signal to be
impressed on it

As previously stated, when recording the
output of the amplificr is fed throngh the
No. 1 secondary of the oscillator 10 the
recording head and then to the ground, The
selector switch opens the oscillator cathnde
connection to ground when the machine is
used to play back or reproduce.

The next step is the construction and
selection of parts for the recording head
Here each individual nust vuze his imagina-
tion and ingenuity. T have constracted ahaut
12 heads. liach one nsed a different coil in
etther physical size, shape, number of turns,
or D.C. resistance. Therefore I will de-
scribe the construction of enly one, the one
that has worked best.

All the heads worked Lut differed mainly
in recording. The cail T used caune fram an
old Atwater Kent magnetic speaker, the
D.C. resistance measuring 700 ohms. The
physical dimensions were 34 hy 25/32 by ¥
inches. The core was 3/16 by 5/16. Refor
to Fig. 2 for the shape and manner of as-
sembling. T have found that almost any coil
will work as long as the gap in the core 15
kept between 001 to 003 inches. I used a
piece of brass shim stock to maintain the
pap at 002, T used 2 jowcler's hack saw
with the finest blade obtainalble to cut the
slot for the wire to run through. After
filing the core to shape, T assembled the
pieces without putting them on the coil
I had them clamped together to enable me
to drill the holes for 2-56 screws, Then |
put the pleces on a wire, being carcful to
observe the order in which they were as-
sembled so they may be reassembled in the

A MAGNETIC RECORDER
Contintted from page 60

on the drive shaft. The two wire-pulling
drums T used were about 3 inches in diam-
cter with 2 rim on cach side to keep the
wire from running off. T used microphone
cable to connect the recording head and
etase coil to the amplifier-oscillator assem-
Biv. A word af caution here in regard to
runming the wire puller; wse vour hand as
a brake when stopping the reels! The wire
may become hopelessty snarled if the reels
are allowed to coast after the power is
turnvel ofl, | rewind the wirc by hand. In-
cidentally, when recording or reproducing
the wire should move through the head at
a constant speed of about 180 feet per min-
ute. Whatever vour speed is (it will work
at slower speeds but not so well} it must
be constant all the time.

You will bave to find by trial and error
how lhigh to run the volume control and
the audic filters when recording, Each set
will vary, of course. If the reproduction
sounds too bass and garbled it indicates
you baven't filtered out the low frequencies
enough. By connecting a pair of earphones
across a small coil similar to the one used
in the recording head and held close to the
recording head you can monitor the record
continueusly.

Before you have taken the "bugs” out
vou will have broken vour recording wire
many times, unless you're exceptionally for-
tunate—and I've never vet met a radio ham
that lucky. So remember this surgestion:

GAP 0027 —, SLOT Qo

FIG 2 colL

FaR
COq WIRE
o
[=]

FILE TQ THIS SHAPE

LOIL AND CORE ASSEMHLED

MOUNTING
BRACKET

exact wayv they were when the holes were
dritled. With the wire strung out so the
individual laminations were well separated
I then heated them red hot with a blow
torch and then left them to cool gradually.

| have also tried cooling them in an A.C,
magnctic field—using an old speaker field
for the purpose—and [ believe this im-
proved the efficiency of the core. After
cooling, I assembled the laminations on the
coil, Hold this together with 2-56 brass
screws and nuts, Refore tightening dip the
whole thing in dipping varnish, tighten and
allow to dry.

Next get a small piece of phenolic tuhing
L4-inch diamcter or some similar material,
to wind the erase coil [.4 on, The wire will
be passed through this coil to clean it mag-
netically so it will he ready Yor another
recording. I used No. 28 enmamel wire al-
though T do not bhelieve the =ize or number
of turns to be critical, The tubing was ahout
114 inches long and the coil on the tube
about one inch long, laver wound about 200
turns. | mounted this between two pieces
of 14-inch bakelite with holes drilled for a
close fit so the tuling fits into the hales in
the bakelite ends. Cement the coil in place
with ordinary coil cement.

We are now ready to assemble the wire
puller, head, and erase coil. T mounted the
motor below the panel with an extension
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when the wire breaks anneal the ends with
a match flame, the heat from a cigaret, or
bring out a tap from a filament supply and
hold the wire across the voltage until it
changes color. Then tie the ends together
with a square knot and cut the surplus ends
off. Apply a little mare heat after tving
the wire. The very small steel wire will
burn if a match is held too close to wire,
so be reasomably careful.

I installed a neon bulb as a volume level
indicator as shown on the schematic. The
point at which this bulb will flash can be
controlled by R-20. R-20 should be adjusted
so the bulb flashes just on the amplitnde
peaks.

And now that vou know how to build it
just dig into that “junk box™ of radio parts
over in the corner and von will find the
makings of the magnelic wire recorder.

Parts List
11 .2 meg,
R2- A00 nhms
Ri—2 mee,
1+—500m ohms
Hi- 500m ohms v.e.
ff4—2m ohms
Bi—1 mee.
K2 250m ghms
B9, 19, 11, 17—4m ghms—2 W
250m ohms
30ry ohms—2 W
Ki5s—3i0m ghms—2 W
R16—5i0m ohms

R17— 200 ohms 10 W

H18—3i0m ohms

R13—30m ophms

RiD—iN0m ohms +v.c.

R21—20m eohms—10 W

K22— 2im  ohms

K23 -500m  ohms

All resistors g W unless otherwive siated
C1—2 mfd.—30v

Cl—04 mid. 600y

€3, 05 12, 21—.06 &00%

4, 11, 13~-20 mid. 50v

70 1—25 mid &00w

C8, "—.006 600v

C14—25 mid. 600w

Cl5, 16—& mfd, 430v

C17, 1830 mfd. 450%

CI19— 0005 mid. 450v

C20, 22—01 mfil. mica
C23—.03 mfd. 600v

CHA, 2 --123 mih

CH3- Filter Choke

f.i—d bscillator coil

[2—N 1 secondary

[ i---No. 2 secondary

L4—Erease coil

1.5— Recording and reproducing head
I.. B 4pole double-throw switch

ECONOMY 20-WATTER
( Continted from page 13)

front, the very slight mismatch being of
no importance and not detectable by ear.
1f a dynamic type of speaker must be
used, a 750-ohm feld can be substituted
for he flter choke with a reduction in
power output to ahout 13 watts. At full
volume, the field encrgization is about B
watts so the magnetic cireuit must be of
high efficiency. Suitable Australian speak-
ers are the Amplion TO73, a 18-inch
heavy duty dymamic with a 1¥-inch voice
coil, or a Magnavox 182, Suggested Amer-
ican speakers are the Jensen A1SPM, the
Lafavette P12G or the Utah G120

A very low hum level is obtained for
several reasons. All earth returns are made
to a bushar consistineg of a strip of copper
Li-inch wide, this being connected to the
metal chassis at one point only - - just near
the No. 1 terminal of the first 65C7.
Small shields of tin-plate are soldered to
the chassis in appropriate places to elec-
trostatically screen the .5 meghom mixing
resistors, the anode resistors of the first
tube and the pick-up hass-hoost network.
The input connections are made by means
of UX and UZ tube sockets and these,
ton, are shielded.

The filament wiring is connected to a
simple voltage divider, therehy being about
35 vaolts positive with respeet to the chiassis.
and therefore making the grids about 35
volts negative with respect to the fila-
ments, thus preventing filament cmission.

A final reduction in hum is, of course,
obtained from the negative feedback.

The phono pick-up is a four-pole needle-
armature type with an output of ahout 4
volt. Tt has neglipible bass boost owing
to the mass of the head being large, hence
the hoosting network. Althanoh the pick-
up head is heavy, a counter-lalance re-
duces the thrust on the record to about 1
cunce, only a small thrst being needed
on acconmt of low needle point tmpedance,

The wniicrephone generally emploved i
vither an Australian version of the D1
or a Shure model 9822A. Sometirnes a
semi-directional floating-cone diynamic mi-
erophone is used when wide-range music
is to be amplified. The amplifier is not
suited for unse with sound-cell mikes or
low-level dyvniamics,

The tone and velume of this amplifier
are surprisingly good, the freedom from
unpleasant distortion enabling the speakers
to be placed close to the audience without
exeiting rude remarks.
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MATHEMATICS
FOR RADIO

AND COMMUNICATION

GEQRGE F. MAEDEL, A, EE

Chief Instructor, R.C.A. Institutes

by

Here are the books that every man in-
terested in the technical phases of radio
will want to have. They have been writ-
ten especially for students in school, and
at home, Lo prepare them to read tech-
nieal books and mugazine articles on
radio. The author is Chief Instructor of
R.C.A, Institutes, and his books are offi-
cial texts on mathematics in that well-
known school.

BOOK 1

(214 pages)
covers the subjects: Algebra; Geometry;
and Avrithmetic.

Thr chapters ate: Addition, Subirscilom,
Meltiptiration, and Division Arithmetle:
Definltions and Symbols: Involutlom mnd
Evolutlon in  Arithmeile: The order nof
Operations In  Arithmetie mnd  Algebra:
Fraciiony I Arlihmetla: Definilions wand
Notatlons In Algebra: Axloms: Poalilve mad
Nepatlve Numbers: Additlon, Sublrsetlon,
Multiplicatlon, and Divisfon o Algebra:
First Degrenr Alzebrate Fquations: Exponents
and Radicals in Algebra: Atandard Produris
and Qootientx: Factoribg: Common Factors
und Maultiplest Fracijons In Algebra: First
Degree Fractional Eguations: Decimsls snd
I'owers of Ten: The Metrle System: Engpl-
neering Problems snd the Alide Rule: Qoad-
ratle and Radlea! Equations: Simulianeous
Eimple Equatlens: Postolates: Definitionn of
Gieometrle Quaniities: Reetllinear Flgures:
Clreles: Locl: Similar Fignres: Areas: Meas-
arement of the Circle: Constructlons: Co-
ardinaien: Solid G y: Formulas Used
in Geomeirs. ANSWERE to the problemi
sre glven,

BOOK 1|l
cavers the subjects: Advanced Algebra
Trigonometry; and Complex Numbers.

(329 pages)
The chapters are:  Algebrale  Formulas:
Numbers and Freclsi of M bn:
Giraphs: Logwrithms apd Decibela: Trig-

prometric Fencilona of Acote Angles: The
Right Triangle and its Applicatlonn: Trip-
onomeirie Fubcilens of any Angle: Graphs
rf Funclions and Thelr Eungineering Uss:
Fancilons of Comblned Abgles: Trigone-
metric Egoations snd {dentitlea: Obligue
Triangles: Matic Proportlon and Varistion:
Determloanta: Eimuli dratl
E 1i : The Bl Ial Theorsm: Fro-
gressions and Serles: Complex Numbers.
ANSWERK to the problems are gpiven.

CLIP COUPON AND MAIL

MAEDEL PUBLISHING HOUSE Room 117
593 East 38 Sitrest, Brooklyn, Mew York

Send me MATHEMATICS FOR RADIC AND COM-
MUNICATION as checked below. I enclose payment
therefor with the understanding that I may return
the book {s) within 5 days !n goed condition and my
mone? will e refunded.

Mams

Address

Addrags

] Book I at $3.7% plus Bc postage

] Boock II at 34,00 plus 6c postage

{7 Books I and It mt $7.75 poctage prepeid
Foreign and Canedian prices 35c per ¥olume higher.

M

CAPACITESTER
(Continued from page 14)

AC. switch on the lower left and the lock-
ing switch on the lower nght, The pin tip
jacks are mounted one pair an each side.
The oscillator and radio frequency ampli-
fier coils are ordinary solenoid broadcast
coils with the primary windings removed,
The oscillator coil is tapped two-thirds of
the way down from the grid end for the
cathode connection. Two hules were drilled
m each coil form, an eighth of an inch
apart and a quarter inch below the bottom
ui the winding, A single turn of hookup
wire was wound here and cemented in
place, with the ends tlireaded through the
holes and leading out the bottom of the
coil Lorm and siield can in which each coil
15 mounted. A 15 mmid, mica trimmer con-
denser is connected across each of the
larger windings and a hole drilled 1n each
shield can opposite the trimmer screw to
permit the coils being tuned to tihe same
frequency. A screwdriver is used for the
tuning.

The irequency used does not have to be
exactly 1800 kilocycles; any frequency near
this will be satisiactory, prelerably thu
highest one to which both coils will tune
wecurately, The two shield cans containing
the coils are mounted under the chassis three
inches apart and the link coupling turn
leads are fastened in place by means of tie

. pownts, The constructor can place the rest

of the parts to suit himseli, providing the
oscillator and the tuned circuit are so ar-
ranged there will be no Inleraction with
the Ik coupling circuit open.

COn the opposite side of the link circuit
connected to the pin tip jacks, the circuit
15 again broken and a one tenth mid, con-
denser inserted. This enables continuity or
voltage tests across the condenser being
tested simultaneously with the quality tesl,
A small condenser is counected from one
side of the pin-jack circuit to ground, This
prevents any radio frequency pickup due
to capacity between the larger winding and
the link coupling tum. This tip-jack should
be marked and used as the ground poten-
tial side of the test Jeads. The link coupling
circuit 15 1solated from ground except for
this small condenser so voltage or continu-
ity checks can be made across the con-
denser under test or from either side of it
to ground,

Te place the unit in operation, allow the
tubes to hear for about 15 minutes, Connect
a jumper across the pin-tip jacks or clip
the test leads together, making sure the
locking switch is in the (off) position, Ad-
vance the gain control until the indicator
tube shadow starts closing. Accurately tune
the osciilator and radic frequency amplifier
circuit by means oi the screwdriver trim-
mer condensers to the highest frequency to
which both will respond, This peak will

- be indicated by the degree of closing of
. the indicator tube shadow. The process will

have (o be repeated several times, reducing
the gain control each time the indicator tube
shadow closes completely untl the point of
sharpest tuning is obtained.

When this 1s reached the testing portion
oi the mstrument is complete. Now adjust
the locking circuit as follows: With the
link coupling circuit still closed advance the
gain control until the indicator tube shadow
just comes together, Close the locking
switch; if the indicator tube shadow opens
it indicates too much plate voltage on the
6F> tube. This will have to be reduced
until closing the switch has no effect on
the indicator tube. This can be done by

placing a small load on the secondary of
the audio transformer by means of resistors
placed across it or by a potentiomecter across
the A C. line with the primary of the audio
transiormer connected to one side of the
A.C. line and the cenier tap of the potenti-
ometer. Whicliever methed 15 used, adjus
the voltage until closing the locking switch
no longer affects the indicator tube. When
this point is reached, open the link coupling
circuit momentarily and then close 1t again,
[f the unit 15 wired correctly the indicator
tube shadow will open and remain s6 in-
d%ﬁnitcl)' until the locking switch is turned
o

There are ouly (wou controls, the REF.
amplifier gain conrel and the locking
switch, Heat the tubes to operating tem-
perature, hold the test prods together and
adjust the gain control until the ndicator
wbe's shadow just closes. Hlug an ohmmeter
er voltmeter, depending on  whichever
methed you prefer, in the two extra pin-
tip Jacks provided for this purpose and
proceed to check the condensers in their
circuit, remembering 1o use the pred so
marked on the ground potential end of the
circoit. An apen condenser will Le indi-
cated by the indicator tube's shindow refus-
ing to close completely and in most cuses
by refusing to move at all. The operator of
this unit can familiarize himsell with its
operation by making tests of combinations
of varicus sized resistors and cendensers in
parallel, noticing the shadow positions witl:
the condenser in and out of the circuit.

If a condenser is suspecied to be inter-
mittent the test lcads should be clipped
across tt and the condenser squeezed with
the fAngers or tapped with a rubber tube
tapper or similar instrument, [ the coo-
denser makes and breaks contact due to this
treatment it will be shown by the indica-
tor tube’s shadow blinking or opening. To
test a condenser over a period of time, the
leads are clipped across it and the locking
switch closed. 1f the condenser open cir-
cuits at any time the locking tube will keep
the indicator tube's shadow open, showing
the condenser to be intermittent. A shorted
or pariwally shorted condenser will he
shown by the diserepancy of the ohmmeter
or volimeter reading in comparisun with
the circuit diagram or voltage chart. This
makes a very handy combination; both a
condenser quality check and a point-lo-point
resistance or voltage reading simultaneous-
ly, using the chmmeter or voltmeter already
in the shop. ’
. In some instances it may be necessary to
insert a low resistance radio frequency
choke in series with the pin-tip jacks used
for the meter connection, but in most cases
it will be found the meter movement has
encugh reactance in itself that it will not
rmove the tuning indicator shadow when
connected to this instrument. This con-
denser tester does not indicate the capacity
of electrolytic condensers. The capacity of
paper and mica condensers is either marked
on them or the circuit diagram, and does
not vary with age or use as with the elec-
trolytic ones. This instrument ¥ check
electralytics for radio frequency reactance
and will pick out a defective one that may
be causing radio or audio feedback due to
common coupling in the filter circuit, In
muost cases where the electrolytic condenser
checks OK for capacity and is still opera-
tive in its filtering action a mica or paper
condenser 'placed in parallel with it will
cure it unfil a new one can be obtained.

1946 RADIOQ-ELECTRONIC REFERENCE ANNUAL


www.americanradiohistory.com

" with these versatile

WESTON
Test Instruments

7

Wth production currently running

- slightly ahead of war requirements, a
e "limited number of the popular WESTON
test instruments shown herewith are avail-
able and are offered subject to prior sale.
Orders can be placed direct, or with the
WESTON representative in your vicinity.

trical Instrument Corporation, 599 Fre-
linghuysen Avenue, Newark 5, New Jersey.

WESTON

-INSTRUMENTS
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A COMPACT
AMPLIFIER

THE amplifier here has excellent fidelity
when used with a well-baffled 10-inch
speaker. It is shown removed from its cab-
inet, where it has of late heen in use as a
small phono sound system.

The two knobs on the front are velume
and tone cantrols., Above them may be seen
the input jack and indicator jewel. The in-
put lead, as shown, is short and well-
shielded 18 avoid bum pickup.

The chassis base, 7x4¥ix2 inches, was
taken from an old kit, as were some of the
ather parts. The speaker field acts as one
of the filter chokes.

This set may be used as a phone ampli-
fier; with one of the new medium-output
dyramic or crystal mikes; or as a small set
amplifier, 1 have used it to supply the “B”
and heater voltages as well, when working
with small receivers.

The amplifier is the result of considérable
experimentation in circuit and design in an
attempt to huild an economical but efficient
amplifier. Metal tubes were available, so
they were used, but of course their G or GT
equivalent may be used. The power supply
is quite conventional, and built large enough
to supply exira power for cquipmcnt aAss0-
ciated with the amplifier. Any of the usnal
rectifier tubes might be subsiiluted for the
574, with an accompanying change i cir-
cuit design ii necessary. Following is the
parts list:

RESISTORS

R1—1000 ohm 1 watt resister
R2—%00 ¢hms, £ watts
R3—250,000 ohm 13 watt resistor
R4—100,000 ohm 1 watt resistor
R5— 250,000 chm tone control
L]——S&wakcr Field

1. 2—10.Heury choke

This neat and versatile
unit is conservatively
rated at four watts, I
it s carsfully built of
sxcellent materials, it
is capable of good
work in many small-

amplifier applications

.

R6—450 ohm 1 watt resisior
R7—500,000 ohm volume eontrol

CONDENSERS
C1=-10 mid. 25 volt electrolytic

€2, C4—.01 mid. 300 volt condenser
C3—& mid. 450 volt elevtrolytic {optional)
C5—25 mfd. 25 valt electrolytic

6, Cr, €3—16 mid. 450 wolt electrolytic
C9—.002 mfd. mica condenser

T ouTeut

AUSTRALIAN CHAMPION

THIS simple amplifier is a national cham-

pion. 1t is the winner ol a contest staped

by the Melbourne { Australia) radic pa-
per, “Listener-In,” in conjunction with their
Australian DX Radio Club.

Forty-twe amplifiers were entered, and
ten of these made the finals. These tcn
were allowed to play three recordings each,
after which the judges announced their
decisions. Proponents af the triode will be

—_

B+ Y
JOOV.

The singla triode Is used as a phase inverter, and the 6N7G as a straight push-pull amplifier
stage. Triode tubes, sxcollent filtering and low resistor ratings all contribute to its fidelity.

interested to know that the contest nar-
rowed down to a struggle between this am-
plifier and another push-pull 2A3 job.

That simplicity and high-fidelity go to-
gether is amply demonstrated by this set.
Triodes are wsed throughout, as is resist-
ance coupling. The phase inverter is the fa-
mous Australian “kangaroo” circuit. The
plate resistor, and its balancer between the
6C5-G cathode circuit and ground, are kept
to 2 low value, in the interests of high-
fidelity. These resistors are often 100,000
ohms or higher, but in this amplifier are
limited to 50,000.

The 6N7-G is then used as a straight
push-pull amplifier. The plate resistors on
these tubes are also kept down—to 100,000
ohms in this case—and grid lcaks of the
2A3 are 230,000 ohms, the signal being
transferred through .1-mfd. condensers, A
fairly high voltage is used on the 2AJ3's.
This also increases the efficiency of the re-
sistance-coupled stages slightly.

Excellent filtering is a feature of this
circuit. Even the push-pull ouiput of the
6N7 circuit is filtered, in spite of the fact
that most variations in this circuit would
be self-neutralized. A 20,000-ohm resistor
and an 8-mfd. condenser act as filter in the
plate circuit of the first stage. No cathode

(Continued on following page)
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condensers are used anywhere in the am-
plifier,

The rummer-up job alse used 2A3 output,
preceded by a 6V6 phase-changer, Fixed
bias featured the circuit, which was nosed
out by the winner only after a stiff battle.

The constructor of the champion gives
credit for his victory to the infinite baffle
used with his amplifier. Correct speaker
loading and proper reproduction of low
notes made for a noticeable increase in
quality as compared with the same outfit
used with an ordinary baffle, according to
him, Full constructional details of this
baffle are given in the sketch.

JPACE BETWEEN
BAFFLE PLATES 4~

The speaker cabinet is the infinite-baffle type.
ts width may be from 20 to 24 inches.

NOVEL FEATURE IN P. A.
(Continued from page 20}

broadcast receiver,

It has its own power supply, using a 76
with plate and grid tied together as recti-
fier. Thus there is no possikility of coupling
with the amplifier, as might be the case with
a common power supply. I lLave actuated
radios with it at a distance of 200 feet,
though in practice this is never necessary.

Parts List
R1—5 megs.
R2, R6—1,000 ochms
R3—1.5 megs
R4—0.25 me

X B

RS, R7, R8—50,000 ohms

R9, RI10, R12—100,000 chms
R11, R13—0.33 meg.

R14—100 ochms

R15, R16, R17—0.5 megohm volume controls
CI—10 mfd. 25-volt

2, €, C10—0.1 mfd. 400-volt
C3, T11—1 mid,

C4, C6, C7, CB—8 mid. 450.valt
C5—4 mifd

C12—250 mfd.
C13, Cl4—.02 mfd. paper

“I'M SURE OF FASTEST
SERVICE FROM ALLIED”

LARGEST

AND MOST COMPLETE

STOCKS

Evarything in
RADIO and
ELECTRONICS

More than 10,000 items are carried in stock
for rush delivery . Guaranteed qualiry
products of America’s leading manufacrurers!
Save time and money — get all your needs
from this one central source—and get that
exira measure of satisfaction which only
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New Direct-Coupled FM-AM

AMPLIFIER
MANUAL

By A. C. SHANEY

flief Engineer,

Amplifier Ca. of America

For the Layman, Serviceman
Recordest and Engineer

Regardless of whether you are interest-
ed in the finest type of phonograph re-
production, high fidelity recording,
sound-on-film applications, FM or AM
programs, you will find invaluable in-
formation in this practical handbook.
Written by the leading exponent of
direct-coupled amplifiers who has spent
more than 10 years improving and per-

fecting the famous Loftin-White cireuit.

Explains the theory and practiral
application of:

Variable Speed MNon-Overloading Push-Pull
Expansion; MNon Frequency Discriminating
Scratch Suppression; Push.Pull Balanced

Direct-Coupled Amplification: Push-Pull
High-Fraquency Equalization; Push-Pull
Low-Frequency Equalization; Push-
Pull Yoluma Compression: Aute-
matic  Volums  Limitation:
Automatic Yolume Control:
Calibrated ¥. U, Indicator;

Audio Spectrum Con-
trol; Remote Control

If vou are interested in the latest audio
developments, vou ran't afford to be with-
out this complete compilation of authentic

articles on Direct-Coupled Amplifiers, 32
pages 814" x 11", Over MM diagrams ard

illustrations.

Priced to Cover Cost of

Printing and Mailing 250
Please Send U5, Stamps or Coin Only
AMPLIFIER CO. of AMERICA
396 BROADWAY NEW YORK, M. Y.
]

T tap /3

MATCHING LOUDSPEAKERS
(Continited from page 13)

reflected the correct impodance hack into
the primary,
The method of distributing power is

simple enough, Many servicemen do it un-
consciotusly, With two 8-obm speakers to
attach  to an output transformer. few
would have to be told 1hev could both be
connected in parillel across a d-velt tap
Fach speuker s faced with an impedance
half its own, and reccives half the power.
What could be maore simple, il we wish
1o divide the power in parts of one-tlurd
and two-thirds, to tap ane speaker wcross
and the other across 2/3 ats
impedance ” All we have 1o do is multiply
the wvoce-coll impedance by the [fraction
af the ontpnt we want it to take.

But will matching to the output {ubes
he correct? Back to the 8-ohm speaker and
+-ohm tap again! A 4-ohm speaker would
reflect the correct impedance hack into the
primary, and maximum power would be
drawn  from the amplifier. The 8-ohm
speaker reflects 8/4 or twice the correct
mipedance back into the primary, H two of
them are paralleled, each reflects its
12,000 ohms. The resultant of these

I two 12,000-ohm impedances in parallel is

6,000, the correct load. If our two 8-ohm
speakers are connected to divide the load
mnte 2/3 and 1/3, the reflected impedances
will be 8 x 3/2 x 6,000 == 9000 and 8§ x
3/1 x 6,000 = 18,000, Adding these im-
pedances in parallel, the resultant impedance
15 6,000, which is what we want.

The method can be extended to several
speakers, as in the example of Fig, 4 Here
we wish to supply 2 watix to w 500-ohm
line, 6 watts to a l6-ohm and 12 watis ta

an 8-ohm speaker. This works out to 0.1

3 and 0.6 of the total output (20 watrs),
Again assuming a primary of 6,000 ohms,
we can get correct matching and power
distribution by calenlating output taps as
fallows:

For the 2-watt 500-chm line, 500 x 0.1
= 50 chms; for the 6-watt, 16-ohm speak-
er, 16 x 0.3 = 48 ohms; and for the 12-
watt, B-ohm tap, 8 x 0.6 = 4.8 ohms also.
Keflected impedances are 6,000 x 10 =—
60,000; 6,000 x 10/3 = 20,000 and 6.000 x
10/6 = 10,000, These paralleled tmn-
pedances add up to 6,000 chms.

By the above method it is possible to
hook up the most complicated speaker com-
bination. All that is necessary is to know
the impedance of each speaker and the por-
tion of the total amplifier power woe want
to put into each one, Another essential is
an output transformer with a varicty of
taps. In conclusion, it might be well tu
point out that an output transformer hus
4 large number of impedances not
marked. For example, the impedance be-
tween the 2-chm and 16-ohm tap is 6.6
ohms. Sometimes these odd chmages make
a closer match possible than would other-
wise he the case,

Rafarsnces:

Matehlng Loud-speakers te Tapped Transform-
er, A. Coblenz, Radie.Crafe, Julv, 1938, Page 26.
A. F. Amplificr Load-Matching Technlque, A, C.
Shaney, Roadie-Craft, March, 1940, DPage 5318
Speaker Mutching Technique, H. 5. Alanney,

Radio-Craft, June, 1940, Pape 732

Quatpat Transformers, Fred Shunaman, Radie
Craft, September, 1943, Page 726

Malfh!n* Speakers of TUnequxl Impedance,
Richard W. Crane, Flecironirs, February, 1344,
Page 256,

RECORD CHANGERS
{Continned from puge 273

of ancient vintage, Many snll in nse date
back to “tin-horn” days, Unfortunately,
the man who made them had none of the
qualifications of Nostradamus. Not heinge
ihle to predict the future, he failed 1o de-
sign them to work on an swtomatic record
changer.

This is not difficult to explain if a new
record is available for comparison. The
cceenlric groove arvound the center can he
nointed ot as the means for actuating
the repeat cam. This will not he found
on the old record. Also, old records can
he seen to vary from the standard thick-
ness of modern records,

{ Never sugerest the obvions cure of dis-
carding the old records. Remember, thev
are valuable “heirlooms.” to be broken only
hy grandchildren,)

Symptoms

Faiture to repeat and jamming of the

record selector mechanism.

5. Bent Records

The worst treatment that can be accord-
ed phonograph records is to forget to
remove them from the selector blade sup-
norts and leave them there for several
days. Tn this position, the stack of discs
15 not resting on a flat surface like the
turntable, bhut is supported either from
two points at the sides, or at one side and
the center, In the first case the dises will
sag in the center and in the second they
will sag at the unsupported edge. When this

sap becomes fixed the recordings may be
so badly warped that they cannot rest
flat on one another and the selector blades
will not he able to slide between them to
separate one record at a time from the
stack.

Symploms

The “wow’ effrct of warped records on
the music is well known and many com-
plaints that the motor is “dragping’ or
alternately ~,pcequ up and slowing down
can be traced to this reason, especially if
the unit refuses to mishehave when the re-
pair man is present. Look through the rec-
ord stack for the offenders.

Procedure

Before actual repair work can be accom-
plished a device must be provided by
which the player can be supported in a
right-side-up and level position, since this
is the only position in which it can be
tested for proper operation. The writer
finds that two small boxes taken from
the stock shelf are quite practical for this
purpose {see Fig, 1). Many service men
prefer more elaborate supports installed
in a permanent phono repair position
Naturally, some operations will require
placing the plaver carefully upside down
position  {preferably on a felt pad or
rubber mat).

The most expedient method usvally be-
oing with an inspection of the mechanism
for hroken and defective parts. These
are either replaced or repaired, the accent

1548 AADIO-LLECTRONIC REFERENCE ANNUAL


www.americanradiohistory.com

heing on the latter procedure at present.

In this connection an important cantion
shonld be observed in regard to replacing
broken springs. (See Fig, 2.) Tf it is neces-
sary to stretch a broken coil spring so
that it can he pnt back in its original
location, some arranvement must be used
to avoid  cxcessive  tension.  Remember
that springs are wused merely to bring
the levers hack to their original positions
and minimum  tension should be used to
avert wear at points of friction,

After mechanical repairs have heen ef-
fected, resetting of adjnstments can be
undertaken and will invariably he neees-
sary doe to ithe considerable effect one
adjustment has upoee another in this tyne
of mechanisn,

The underside of a wideby nsed record
changer is shown in Fig. 3 with its varions
components numbered to correspond with
their adjustments as listed in the accom-
ranving table, (Figo 43,

REMOTE JUKE BOXES

(Contimeed from page 73

amplifier i< transformer conpled in and
out. Equalization is inserted in this amphi-
fier to make it peak in the voire range. and
frequency response heing from abont 80 to
6000 eyveles.

To tTwe veidedle of the Taard ean be seen g
volume level meter. This meter is 1sed
acress the ontput of each prograre ampli-
fier to indicate the correct operating level,
Below the deciliel meter is 4 rowe of push-
huttons. Facle pnshhntton is associated with
1 program amplifier ontput,

At no time durine the plaving of a record
does the volome rise to more than mims
2-Db, on the peaks. The pragram amplifier
antput ds set by gsing o reeord which has
an ahundance of high und low frequency
passages. T suppose it will be asked, *“Why
not <ot the piaximum program Tevel by
means of a standard audio frequency ree-
ard” This has heen found by actual prac-
tice to he nseless for a goad MANY reasons,
the main one being that all crystal pick-up
cartridoes do not have the same voltage
byt for o ojven frequency, and alen as
thew hecome sweeale throneh wse this = 4
vond check an their frequency response,

Hanging down from the front of the
Doard s seen the operator's hreast-set, This
comnsists of a pair of low impedance heard-
phones, connceted in parallel. and a dy-
mamic micraphone. Crvstal microphones are
tittle weed in this tvpe of work as thev are
not rupeed enouch for the ahige they pet.
Alser the circiits are of low impedance to
cut dawn notse and hum. and use of a high-
impedance microphane  would  necrssitate
the use of an inmit transformer with its
hum prohlems, The microphone can be
raised or Towered to compensate somewhat
for the different speaking voices of the
operators,

Tookismr ar the hack nf the Board as
shown in the photograph. Fig, 2, is the fol-
lowing apparatus. At “A” in the upper Teft
hand corner is the hack of the permanent
magmet speaker. Tn the upper right hand
corner and lahelled “B" are the two dial
stepping relays.

In the middle is scen the back of the
turntable motor, On the first shelf and to
the left labelled “F” is the program moni-
tor amplifier chassis. The phonograph pick-
up amplifier consists of a dual 100,000-0hm
potentinmeter working into the grids of a
N7 tuhe, The ervstal pickip is naot gronnd-
ed on one side as is the usnal practice. The
6N7 tube is transformer-coupled out to a
30-chm line. The monitor amplifier con-

{Contintted on following page)
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REMOTE JUEE BOXES

(Coniinued from previons page)

sists of an input transformer with a poten-
tiometer across its secondary, into a 6J5
tube, This potentiometer not only controls
the voltage on the grid of the next tube,
which is a 6F6 tied triode, but also controls
the volume level of the monitor speaker and
the operator's headset. A second potentiom-
eter in the grid of the 6F6 tuhe controls
the volume level of the monitor speaker.
Cn the above chassis is the copper oxide
rectifier and relay that controls the stepping
relay on the panel and the buzzer, On the
same shelf as the above chassis and labelled
“1)" is the conversioen unit, or line-adjust-
ing chassis,

This unit consists of a resistance-capacity
network and two 1:1 hybrid cails. A brief
description of this unit which is very im-
portant ta the frequency response and oper-
ation of the equipment is as follows:

The amplifiers will operate over a maxi-
mum length of ten miles of telephone line.
However, these conversion units plus the
amplifiers are designed to work over a sev-
en mite class “C” telephone line or any un-
balanced circuit of that length. Whether the
line between the Central! Station and the
Remote Station be a full seven miles or any
fraction thereof, the network in the conver-
sion unit will make up the line difference
so that to our squipment it stil! is a seven
mile line.

WWW

Fig. B—Threa tections of the artificial line.

il

The capacitance of this seven mile line
was figured at 0.6 Mfd, and its resistance
at 1,344 ohms., Thus each conversion unit
{one being used at each end of the line)
is divided to have a capacity of 0.3 Mid
and a resistance of 672 ohms. Tach of these
units are divided into seven sub-units.
There are three l-mile line units, two -
mile line wnits, one 1/3-mile line unit and
one ¥-mile line unit. Each of these units
is arranged like an “H" pad, as shown in
Fig. 5.

Ezach one-mile line umit consists of four
S6-ohm resistors, and a 0.1 M{d. condenser.
Each 34-mile line unit consists of four 27-
ohm resistors, and a 0.05 Mid. condenser,
The 1/3-mile line unit consists of four 13-
ohm resistors and a 0.02 Mfd. condenser.
The 34-mile line unit is made up of four
12-ohm resistors and a 0.02 Mfd. condenser.
While 27-ohm and 15-chm resistors do not
figure exactly right, as stock resistors were
used, they fall within the ten percent toler-
ance range and are all right for the purpose.
There are two controls on the conversion
unit, one for the high and one for the low
frequencics. These controls peak the line
at 100 cycles and 3000 cycles respectively.
To equalize the line requires the use of an
audio frequency oscillator and a calibrated
volume level indicator with the necessary
terminating equipment,

The second shelf is a duplicate of the
first. On the bottom and labeled “F” may
be seen the power supply which feeds the
two program amplifier chassis above, in-
ctuding the lights for sigmalling, stepping
relays, etc, The rectifter is a 5U4-(7 used in
a full wave circuit.

THE REMOTE INSTALLATION
The Remote Station: In Figs. 3 and 4

40

can be seen a front and back view of the
“Tuke Box"” used at the remote location.
Behind the metal grill at top center is the
microphone which the customer uses to
tell the eperator the number of the phono-
graph record he or she wants to hear.
Either a crystal mike or a small two-inch
permanent magnet speaker with an input
transformer is used as a microphone.
Below this and just above the words
"Rhythm-Air" are coin slots for the nick-
1s, dimes and quarters, Behind the three
metal bars in front of the Box is the I2-
inch, permanent magnet speaker.

A back view of the Box and its interior
is shown in Fig. 4 To the left and on the
bottom is the power supply with its SU4G
rectifier tube, This is labelled 1. Rear view
of the speaker is 3 in the photograph. At
top rear middle is the coin scavenger
mechanism. This rejects any coin that is
not of a non-ferrotus nature and also any
slugs that might be inserted. Below this and
shown with a twin-pair conductor is the
coin counting mechanism, This causes one
pulse for a nickel two pulses for a dime
and five pulses for a quarter to he sent over
the telephone line to the Central Station
and operate the stepping relav, The vol-
tage used is anvwhere from 30 volts A.C.,
60 cyele, to 110 volts A.C. 60 cycle. Tt de-
pends on the lenpth of the tine and other
factors, determined by trial.

On the right-hand side and fastened to
the wall. 1ahelled D), is the conversion unit.
TJust below this unit and marked 2, is the
chassis containing the remote amplifier. The
talk-back amplifier is on this chassis and
denending on the tvne of micronhone nsed,
has either a resistance coupled input or
transformer coupling to two 6N7 tuhes in
resistance-capacity coupling, pushpull, The
output is transformer conpled to a 500-ohm
line. A volume control is used in the grid
of the first 6N7 which is a phase inverter
for the second 6N7.

The power amplifier for the speaker is a
transformer coupled 6N7, with a dual po-
tentiometer volume control across its sec-
ondary, resistance-capacity coupled to two
6VAG's, These twn output tithes are trans.
former counled to the speaker, A resistance-
capacity filter across the plates of the
beam-power tubes flattens out the amplifier
response and provides an effective load im-
pedance for all frennencies in the middle
and upper range. This is used in place of
degenerative feedhack. Also on this chassis
is a double-pole, single-throw, telay used
for signalling the Central Station,

Sometimes the speaker is taken from the
*JTuke Box™ and put in an ormamental baf-
fle. This makes for hetter intelligihility nf
speech and quality of music,

A brief description of just what takes
place when a coin is inserted in the Remote
Yocation “Juke Box” is as follows: A coin

is dropped through the counting mechanism
and-—depending on its wvalue—causes 2
contact to close, this operates the double-
pole, single throw relay on the Remote
Amplifier chassis. When this relay closes
it sends the voltage which has been chosen
{30 to 110 volts A.C. 60 cycle) from an iso-
lation transformer on the power supply,
over the telephone line to the Central Sta-
tion. When reaching the Central Station
this voltage impulse is rectified by a full-
wave copper-oxide rectifier and as a D.C.
voltage operates the single-pole, single-

-if)
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Fig. 5—Rough diagram of the Cantral Station,

throw relay on the program amplifier chas-
sis. When this reiay closes it operates either
the stepping relay on the front panei or the
buzzer. .

When the operator sees the stepﬂmg relay
operate or hears the buzzer, she throws the
triple-pole, double-throw key between and
at the right hand side of the turn-tables.
This connects her headset through the mon-
itor amplifier to the incoming telephone line,
and also connects the output of the micro-
phone pre-amplifier to the same line. She
then can not only hear what record the
customer would like to hear played but also
talk back to him, If the record is not avail-

CORY LK
wiovs 11

FROM .
TELEFHONE GNT-BNT 127 P.m
LINE SPEAMER
e COIN
08 E COUNTER
¢ POWER WiKE
dioid SUPPLT
607y Su4G

Y6« YOLUME CONTROL

Fig. 7—Block diagram of the remate receiver,

able, she can ask him to request another.
When the operator throws the key to tatk
to the Remote Station, it automatically
drops the level of the phonograph record
that might be playing at that time so the
customner can hear her voice over the music.

A block diagram of the Central Station
equipment and also the Remote Station
equipment is shown, in Figs. 6 and 7. When
the telephone lines are equalized and bal-
anced, their frequency response is within
14 Db, from 100 to 6000 cycles.

SIGNAL TRACER—PLUS
(Continued from page 8)

As one of the photos shows, another
6K7 was tried, to boost the R.F, gain. The
oscillation problems were difficult to sur-
mount and most of the extra gain was lost
in reducing voltages and adding bias in
order to stop the oscillation. The cutput
was very little better than with one R.F.
stage. As it now stands the one imtuned
6K7 and untuned 6]7 provide enough gain

to trace the signal from the grid of the
first tube right on to the detector, from
which point the probe is shifted to the
audie input jack and the signal traced right
on the loud-speaker.

The use of such a tester is a revelation
ta one who has never used a signal tracer.
Oscillation can be traced right down to
the offending tube by bringing the probe
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somewhere in the neighborhood of the tube
plate prong. Hum and noise can be picked
up Just as easily. Loss of gain can be iso-
tated right to the offending stage.

A real set of test prods made as the
photos show will prevent any detuning of
the circuit under test. I1f the parts arc
available the shiclding test probe sliown
will prove a valuable addition to the test-
er. Use 30 inches of microphone cord and
bring the end of the shield out in a phone
tip which is to he inserted in the ground
Jack. Wicn testing the grid ecircuit of the
first tube the ground tip should be removed
from the ground jack 1o increase the signal
strength, as the shicld acts as a small con-
denser by-passing some of the 1817, energy
to ground,

The small capacity tip is made by turn-
ing or grinding down a small plone-tip
jack in a lathe or grinder untii it is just a
thin shell. Cut the end off to fit dic length
of the insulutor of the phone tip (Sce
Photo). Insulate the wrned surface of the
Jack with wax paper and wind on 30 turns
of wire from an old transformer second-
ary. Fasten the wiring by painting the coil
with dope. Test the assemnbly for continuity
to be sure you have no short. There nist
be no direct connection: only a small
capacity coupling between the coil wire
and the jack should exist,

When cutting off the end of the juck
to it the space within the insalated phone
tip, the gripping jaws will slip out. Te
hold the assembly together solder the Jaws
and the end of the jack together.

The AF. tip probe was made by culting
off 2 phone jack and soldering a 50,000
ohm resistor to the end of e jack and
the inside gripped jaws. The photo 15 sclf
explanatory. When using tie tester ouly
one such probe is necessary if the tester
ground and the set chassis are connected
together with a jumper. The same probe
can then be used for all voltage and re-
sistance tests by using it without the tips,
which are easily put on and removed.

THE VOLT-OHMMETER SECTION

As we had a power supply the tester
could be adapted (o many more uses. It
is a2 handy Veolt-Olmmeter, also a con-
denser and continuity tester. My only trans-
former had a 234-volt filament winding su
| selected tubes which could be wired in
series with 2 line cord resistor. Other
tubes can be uscd in their places i they
have the same current drain, Anv tubes of
similar type can be substituted if vou can
supply 6.3 volts on the filament winding.
If so you can do away with the line-cord
resistor,

The voltmeter has 4 ranges: 14, 25, 150
and 500 volts, which are selected by the 4
positions of the gang wafer switch (to
the right in diagram). The lowest range
was selected for ohmmeter work only. The
resistor values given are for my 2,000 ohm-
per-volt meter, which has a resistance of
47 ohms. For a 1 AMa. meter these values
should be halved.

The ohmmeter uses the same pin jacks
that are used for the voltape tests.” The
gang wafer switch which selects ihe volt-
age range also operates a voltage divider
on the second wafer when the switch No.
3 on the front panel is thrown, This switch
may be combined with potentiometer R.
The voltage divider was constructed to
give a full scale reading on the meter of
the 500-volt scale. The adjustment of the
pot. R is for the {full-scale adjustment.
The circuit is arranged so that the same
voltmeter jacks are used and the test prods
are in parallel with the meter. Shorting
the preds shunts all the current away from

"VOMAX"

THE KEY TCQ POST-WAR
PROFITS

Lreated by o world-famous re-
ceiver design engineer specifical-
Iy for pask-war receiver se
«. . that's why "V OMA X" wi
more for yau . . . make you the
boss, not the withim, in servicing
complex post-war receivers.

H's sne thing to design test
equipment by theory . ., but it's

quite anoather thing when new and
original theory is harnessed to
aver thirty-four rears of aulstand-

ing experience in radio receiver
design ond service. Crented out of
such  experience to satisfy the
rigarous demand: af serious re-
search and service technicinns,
the new “"YOMAX'" is a wvolt-
ohm-db.-ma.-meter and dynamic
signal tracer withawt equal. Born
ouwl of enintimate daily knowledge
of your 1ob ond problems . . . it
tolves them as you've always
haped they wowld someday be
solved.

Imagine the odded profiss
earned . ., the lime saved , . ,
the immense improvement in your
warh .. . if you had an instrument
with which you could measure
every voltage in ald, modern and
femplex post-war receivers. Imag-
ing the benefits of being able to

Biand new post-war dissgn - potiively not o "'warmed-

aver pie-wo modef.

2, Mare than an “electionic” volimerer, VOMAX s o
frue v m tube limeter in cvery veltoge re-
srance db funchon.

3. Compleie signol iracmg bom 20 cycles thisugh over 100
megacyeles by withdiawoble r | dvde mrohe.

4. 3 thraugh 1200 volis d.e, ull scale i & ronges at 50, and,

in & added wange: to 3000 volis ar 195 meqahms npul

fesistonce.

3 through 1200 volb o hull scole in 6 ranges at honest

effechive cucuit loadmy of ¢ 6 meqohms and B mmid.

&, 07 thiough 2000 megohms in sx eauly read ranges.

F. 10 through +50 db. (0 db =1 mw 600 shms) in
1 ranges,

8. 17 mo through 12 amperes full seale i & dic songes.

9. Absolutely stable ~one rews odiustment sers all
rangey N:: prabe shoming to set & meaninyles zero

which shifis ay soon ay piobes are separoted  Gud

cuttent errors completely eliminated.

L

10, Honest, foctuel accmocy. =37 on de. £5%% on o

20 thisugh 100 megoeyeles; =75 of full e e, = 17

frace and measure r.f., i.f., a.f,
d.v.c., o.f.c. signals right through
overy circuit . . . d.e. ond any fre-
quency from 20 cycles through
over 100 megacycles. lmogine all
medsurements ., . d.e., a.e, o,
if, a.f., mode with such as-
tromicolly high meter resisionce
as not to upse! the circwit being
measured., Add resistance mea-
surements by modern v.t. method
-1 . even power input in walls, a
wide range of capacitances by a
eouple of external resistars. Then
imagine complete stabilily and de-
pendability . . . resulls made pos-
sible by new inventisns obtainable
anly in "VOMAX,"

I's no wonder "YOMAX" is
seld out for 194% on advance
tabber arders, But though the
factary is sold aut, jobbers still

ol indicated resistonce value,

1. Only live color-differentiated scoles on 4% ™ D' Arsonvol
mater for 51 ronges {including d.e valls polanty reversal)

eliminare confusian.

12 Meter 100 prolecied ogainst avedoad bumow on

valts/chms 'd

13. Substaotiol leather carrying hondle.  Sire onby 17% s

TR SHT
SEND FOR FREE CATALOG

GYER 34 YEARS OF RADIO ENGINEERING ACHIEVEMENT

N PMlnato- Silen

1180 mAs  FTREET, HARTRORD 2,

CONNECTICLT

have a few lzft. May we suggest
that you follow the lead of Amer-
ice’s top-flight service otganiza-
tions . . . manufacturers ., . en-
ginecring labarotaries . . . ond
place yaur order immodiately?
Service-station-originaled A A_S
prioriy does the job. But only fasi
action will bring you "V OMAX",
the key to post-war secvice profits,
this year,

the meter, which reads zero on 2 dead
short, The scale can be calibrated with a
known set of resistances. If a sensitive
meter is used values of resistances from
1 ohm to 2 meg, can casily be read, The
voltage available at the jacks can be used
for experimental purposes while the meter
reads the volage actually supplied.

The ohmmeter provides a verv accurate
condenser tester, especially for the 25 and
150 volt electrolvtic condensers. This is the
only tester I have scen capable of test-
ing the leakage and capacity of the low
voltage electrolytics. The range switch is
thrown to the proper range, let us say 25
volts and the voltage divider switch turned
on. Adjust the meter for full scale deflec-
tion and insert the test leads in the ohm-
meter jacks, The prads now have 25 volts
DC across them which can be placed across
the electrolytic, watching the polarity as

1845 RADIO-ELECTRONYC REFERENCE ANNUAL

usnal. The meter needle will dip on the
charge and return to almost full scale if
the condenser is good. Discharge by short-
ing the condenser leads. The meter needle
will read zero on a shorted condenser and
will not dip on an opent-circuited condenser
as the prods are applied.

For 150 and 450 wvolt filters and con-
tinnity tests the prod is changed to the
neon tube jack which is No. 3 on the front
panel, and the range of vaoltage is selected
as before by the wafer switeh. The two-
watt neon bulb was purposcly left inside
of the tester where it is dark so that very
small leakages and small capacities will be
much easier 1o see,

As 25 volts will not light the ncon tube
such low voltage condensers niust be tested
as above, The meter test js just as good
as the neon test if not better and can be
used for the higher voltage condensers.
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Electronic Multi-Checker

OR the technician interested in con-

struction and experiment, the need

often arises for a compact nstru-

nent to measure the value of those
parts on hand. A good many cxperimen-
ters do not possess the necessary meters
to measure resistance and voltage, or o
measure capacity and inductance. They
may find this  tlree-tube  combination
"magic-eyve' vacuum tube voluneter, ohm-
meter and A C-D.C. voltmeter combined
with an inductance and capavity indicator
nseful,

As any radioman will immediately see,
the unit comsists basically o7 a Wheat-
stone bridge with an eleetror ray tube as
the indicator, The type 41 or similar pen-
tode provides the control voliuge for the
eve while the type 80 rectifier provides
the high voltage for the B circuit. A resis-
tance capacity filter smoothes the pulsating
DB.C. from the rectifier,

As ran be seen irom the diagram, the
unit has built-in standards {or measuring
most values of resistors, condensers, and
chokes. A pair of pin-jacks are provided
so that additional standards can he hooked
in place of those in the unit and switched
in ar out at will.

In huilding the unit all leads must be as
cshort as possible and the bridge part oi
the circuit must be wired with fairly large
wire so as not to affect the measure-
ments. The voltage and bridge measure-
ments use @ common ground jack. Switeh
A disconnects the bridge circuit [rom the
vacuum tube voltmeter part of the circuit.
As all condenscrs resonale at some fre-
nuency. and singe the unit mensures ALC
of a wide range of {regnencies, it is neces-
sary to uce ] comndensers weross the
cathode by-pass and the Dinad B fleer
condensers.

Ta calibrate the meter, proceed as ful
lows : The center point of the dial may le
marked 100 The 300-ohm point 13 marked
1, and the corresponding point un the
opposite end of the potentiometer 1000 1£
vou sel the standard resistor on 10000
and check a 10,000-0hm, a 1,000-chm and
a 100,000-0hm resistor of known accuracy,
these points can be located definitely. The
same points will be 1,000 100 and 16,000
ohms respectively on the 1,000-chm scale,
and so wilh all the others.

As these points fall on the sone mark-
mps no matter which scale iy used, all
that is necessary is to measure as large a
nuntber of resistors as possihle (say be-
tween 1,000 and 100000 ohuns) and mark
down the points, Then a number of con-
centric circles can be drawn, and marked
for the other standards.

Condensers work the same us resistors,
If the 1 microfarad standard §s  used.
point 10 will measure 1 microfarad. Point
U will measure 0.1 mid. and point 100
will measure 10 mid.

Inductors also follow the same princi-
ple, but as ali inductors have more or Jess
resistance, the indications are not as reli-
able as in the case of resisiors or con-
densers,

The woitmeter scale tnust be calibr:_i';ctl
sepurately for A.C. and D.C. voliage. The
10,000 olim potentiometer does not require
setting once it has been set and the 30,000-
ol onit setting will determine the voltage
heing measured. In ather words, the poten-
tiometer should be adjusted until the eye
closes and this point of the dial marked to
rorrespond with the known voltage being
fed inte the unit. The accuracy of the
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entire instrument will depend largely upon
the care taken in calibration.

Long celluloid or plastic pointers may
he used on the 10,000-ohm potentiomeicr
in the bridge circuit and the 30,000-ohm

one i the voltmeler circuit, so that a
number of scales mav be drawn under
them. Both these potentiomcters must, of
course, be of the lincar type if the scales
are to le regular,

Tlooo ores ey - '
MOTE .
. _ I —
| ‘ I
' N T i 4 Rl 417 03
. . i
This simple instrument ' 10000 WIRE WEUND . ol[,_rnm .
h I d + b LINEAR PQT., L L HENFRY
uly deserves tc be £ fm—  lOD,000 - THORE
named  multichecker. : R . .L oo 1
H - A T
Condensers, resistors, | sesrrace o n,_.\__ A
inductors and  what  [WDUFTAMCE tAcay T ool - ANOWH
h _d d COM, Wy i = RESMGTANCL 5 ror
¥ rovi b IWDULTANCE * ADDICIOMAL -
ave you {p_o g' ACOR™ LT CaPACIY ) WALUFS
for by a special pair o.CovorTs
of terminals) can ! ey
. o
readily bs measured ]
without difficulty. Us- g
ing the Wheatstone
Bridge principle, the
instrument i: as accu- KEEP SRID
LEADS &5 g
rate as the standards. SHORT AS g
POSSIBLE o
]

"STATION RIDING”
(Continsed from page 9)

let to which the radio was connected com-
pletely eliminated the trouble, (The read-
er should be cautioned not 10 iry this unless
he has definitely determined which side
of the line is grounded. Tor safety reasons.
a larger paper dielectric condenser [2.0
mid. or larger] should be used in series
with the ground lead.) In this case, the
cure did not work unless a sufliciently Targe
condenser was used. {Sce ligs. 3 and 4
Another word of warning to the reader is
to be careful not to violate underwriter
rulings.

In cases where the source of interference
hius been found to be caused by two pipes
touching, insulate the pipes {rom each other
or bomd them together so that a better
eleetrical contact 18 established. Cn build-
ings with metal roofs, it is suggested that
the individual metal plates be lLonded to-
pcther and then grounded. Watch the an-
tenna and lead in, making sure they do not
rouch near-by metal objects. In the case of
rusted guy wires, break them up with
strain insulators or clean and solder the
splices, Metal clothes lines terminated at
rusty hooks or pulleys should be checked.

In cases where it is not practicable or
cconotmical to cure the station riding at its
source, or where the source is too difficult
to locate, other measures may be tried, In
receivers using a loop antenna where only
one interfering signal is present, a loop
type wave trap should be tried. This con-
§ints of an extra loop antenna strapped to
the loop antenna in the receiver, as shown
in Fig. 5. This extra loop 1s shunted by «
trimmer condenser of sufficient capacity to
tune it to the frequency of the interfering
signal. Adjust the trimmer condenser until
the attenuation of the wterfering signal is
maXimm,

For receivers designed {or use with an
external antenna and ground, wave traps
of the resonant or anti-resonant types may
be tried. A combination of both types may
be used as shown in Fig. 6. Adjust both
wave traps for maximum attenuation of the

interfering  signal. Where interference is
general from stations at the high frequency
end of the broadeast band, the interference
may be reduced by shunting the antenna and
wround connections with a small mica con-
denser of approximately 30 to 100 micro-
microfarads capacity. 1f the receiver has
short-wave bands and the listener uses these
bands, an R.F. choke of approximately 2.5
millihenries should be used in series with
thie condenser {Fig. 7). The reactance of
the choke will be so high on the short wave
bands as to nulliiy the eflect of the con-
denser, but still make it effective on the
broadcast band.

A good ground connection olten helps in
reducing radic interference. (The writer
has seen a nail driven into a flower pot
used as a ground—this is no! a good ground
connection.) Use of a properly designed
line filter aids materially especially with
AC-D.C. type receivers. Loop antenna
type recervers often perform better when
used with a vertical rod type outdoor an-
tenna, See Iig. 8 on suggestions as to
methods of connecting an out-door antenna
to loop antenna receivers. The one-turn
loop coupled to the receiver's loop antenna
works quite effectively, especially with re-
ceivers using fwo or three-turn low im-
pedance loop antennae.

When image interference is strong, a

sensitivity control as shown in Fig. 9 will
often make the receiver more usable. This
control may be installed on the rear of the
receiver chassis and adjusted to a position
where reception is most satisfactory, then
left that way.
. The writer has wandered from the orig-
inal discussion of station riding to other
types of radio interference as their cures
are closely rclated. There is no definite
curc-all for all cases of station riding, and
some cases will give that radio technician
quite 3 tussle before the answer is found.
It is hoped that some of the suggestions
presented here will be of benefit in the
quest for better radio reception.
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BETTER SIGNAL GENERATOR

OR five yvears I have been employved

in a radio iactory deing war work,

putting in nearly hours a week

plus one night of 12 hours on fire-
ruard duties, which time I have utilized to
build several instruments, one of which
was a signal generator,

First 1 rewound an old small power
iransformer for a secondary 120-120 volts
center-tapped and a 6-volr, 2-amp. winding
for 2 6X5 rectificr and 32 wid. condenser.,
Main input chokes were universal woutid
ot 1-ineh forms and condensers were all
mounted in small steel box.

[ coils were caleulated and checked
on a () bridge using Litz wire {except for
the two high-frequency coils) dried and
impregnated with coil dope. With the aid
oif the oscillator, now bLuilt on a small
chassis and mounting a small tuning con-
denser and clectronie voltmeter, | wouned
the feedback windings. To keep good wave
iorm 1 aimed for 30 volts vutput from the
grid coil. 1 found that a series condenser
helped maintain osciliations on the higher
frequencies. | now had complete coverage
from 00 Kc. to 30 Me.

Constructors not  fortunate  enough to
have access to coil-mcasuring  equipment
may use windings from [LF. transformers,
broadeast and short-wave coils which may
he available to them or may wind their
own., The following approximate data may
be useful as a guide:

Range Turns Dhiameter Length
9-30 Me. 3 " i
39 Me 12 " 1"
1-3 Me. 60 1 2"

_PRACTICAL
HOME-STUDY

The above caleulations were based on the
U5 condenser and ranges will be slightly
diiferent with an Awmerican 00035 varia-
ble, For the broadcast and intermediate
frequencies, plenty  of  universal-wound
coils are available from old receivers, and
will be practically  pre-calibrated.  Plate
coils  should  have approximately  one-
guarier the mmmber of turns given above,
thougl this number may be cxcceded for
the high frequencies. Experimental adjust-
ment 18 [ECESSAry,

Tihe whole instnunent was boeilt m three
decks, allowing cotls and attenuator 1o be
triple shiclded, wnd the rest double, Al
hot wires werr also shiedel, complete
dimensions heing 12 inches Ligh, 7 wide
and 3 deep.

The large 180° plastic dial had @ 3-1
reduction drive, pointer leing a plece of
scrap plastic with hair line. Calibration
wits accomplished by beating with a stand-
ard signal generator and all-wave recoiver,
aiso with a 100-Ke cryvstal osaillator locked

Five bands are cov-
erad by the
genarator. A construc-

signal

tor satistied with less
range could make ane
with fewer coils, The
excallent attonuator is

worthy of special note.

N CHOXE -.n.,m.
Feadback is prevented 0__ FlL.ﬂH[NTS
by the fransformar and [
the two choks eoils. o—®1m,; %R&;Lﬁ ;mv %E
CHOKE : ) <

lI“or audio oscillator | used a small inter-
stage 1-3 transiormer parallel-led to triode
section of 6KB. Checking with an oscillo-
scope, almost perfect wave {orm was found
at 400 cycles with depth of 30¢:. The
attenualor was governed by values on hand
and works quite well,

in with a 50-kc. oscillator which T il
I had to borrow the crystal, as they are
not obtainable except for industrial use.
Graphs presented no difficulty since the
calibration follows a gentle curve except
at extremc minimiun, T have now had the
dial engraved direcily in frequencies.

RADIO COURSE

These men used this course 1o
get into good radio jobs

FINEST TRAINING COURSE
USED IN MANY S5CHOOLS

“The radio training course
is lhe finest up to dute casy to
understand  conrse, . . . This
eourse outlines practicsl work,
W oare using this course in
our Topeka Hiph Scheol, It s
wonderful” fHenry Ward, Jr.,
622 Filmore 5t., Topeka, Kans,

WORTH MIUCH MORE

“Yeou should gel more money
for your Course. The first weck
¥ studied it, 1 made 310000 re-
pairing =els. 1 built my own
test outht from details given
in this course, I have repaired
10t radios to date, . . "
Signed: Robert €, Hammcl,
120 W, Lith, Davenport, hirwa,

COMPLETED IN 5§ WHEEKS

"l am wvery satisfied with
the course. When [ wis ot the
twelfth lerwon 1 stavted repaie-
ing radies. It took me two
months 1o master your
course.” Fromaletter written by
Foger Loenwzlfois, 1670 Poupart,
Montreal. Canuda.

MODERN, UP-TO-DATE
7 have found since taking
your course how mindern and
up to date it really is. There is
not one page in the whole
eourge which anyone interested
in radio ean affard to miss.
Your course started me on the
road to & well pail job and
has repaid me many times"
i Charlre Alapack, 433 Eim St.,
- 4 Resding, Pa.

AMAZING BARGAIN 0

have all the topdics covered by the bwst SLIMLGD

of repair hints, many servicing short-cuts.

o Your own shon and run the hll‘-lne“‘! The

carly lessons explain important principles,
cover tesl equtpmcnl, troubla-sluning, circuit
tracing, televizion, aml every olher imporiant
tepic of radiv and electronics,

SERVICING METHODS SIMPLIFIED

Learn new speed-tricks for radio faull-finding,
vane histuries, servicing short-cats, extra profit
jdena. Ineleded are many large lwscons on the
vse of repular tesi equipment, explanation of
signal tracing, eecitloscope, transmitters, PLAL,
televinion, reeorders, Lel this infarmation save
for ¥you enousth time on & xinpgle inob to pay Lhe
full prive of $2.50 for the compiete course of 22
money-moking lussons.

A PARTIAL LIST OF
TOPIGS COVERED

In this large courscmanual of 22 practical lessons, you
risdin ror-

respondence course. Learn important fundamentals. Speed-

up radio servieing, Includes hundreds of circuits,

RADID TRAINING FOR HOME-STUDY

This practical hore-study cowrse will show you how to
repair all types of sets faster and better, tell you how to

woll jllustrated, interesting to read, ensy 1o understand
and apply. Wo apecial previous knowledin is needed. The
Mher lessuns

FFER

IN MANUAL FORM

50

COMPLETE

thousands

SPECIAL OFFER
READ THE DETAILS

fesson: are

EASY TO UNDERSTAND AND APPLY

T pragrieal bessom: woking up Lhis rourse-lonk are
easy L foll Lot anply teoatcal radin iobis, IHundreds
of zulle S fhl pzaled yoa wll]l be quirkdy  elearsd
R Y witl il youeself dmog ridie repaics in minntes
bsteanl of lours gueeldy fmling the Taulls b making
nerde | ujustiments  Every new radlo leeelopment of
tmportiers and thogsands of time-saving radio facts
are packed intg thls cotoplete course-wanual.

SATISFACTION GUARAKTEED

Use counon 10 ocder the Course for 10-day examination
in your am hine, Tawk ouer the moterial, remib a e
Tessoris eppdy sotee of (e jeleas. Then "‘f!("ll"][ i keep
the lesgos ol ti barguin price of S35k 4full price), or
raturm the material and get & cazh refund.
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Cirevits, Auto sets, P.A., W '
Trive Characrericien, ., 1 NO RISK TRIAL COUPON !
Fidelity, Using charte, Am- & X : 1
piifiers,” Trackine, I1F. : SUPREME PUBLICATIONS, 9 5. Kedzle Ave., Chicago 12, ILL. |
Phase, HRenctanee, Imped- Ship the curiplele Radin Course fur t4 daye use. [ ; sali
: ¥ | k + | yB use. I must be satlis-
ninee, Modu]at_lon. ANLC, : ficd or you will vefund my mones, 3 salid :
Photo-cell, Review questions, H H
Crystals, Test equipment, . o a s : =
M n'tcrﬂ Analpsers Tube 1 [11 am enclosing $2.50, full price. Send postfree. 1
» tester-, Sig- L3 [J Send C.0.D. ! am cuclosing §. . 1
nal tracing, B :
b O Ecilloscope, [
b Ohmmeters, B Name: ...ovevvnineninn.n. Prraa ey, !
B A ccuracy, 1 :
Graph=, and 1
Ruslreis of 1 Address: ..o e e 4
other toies. g tar Coupon or Write Chrder in o Srpurafc Letter) ]
43


www.americanradiohistory.com

MODEL 504-A

_JESTER

AN ey

2GAVVOO00D

SOODOO0O0S

/
e
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 THE PORTABLE LAB ™
THAT GIVES YOU—

Sverything!

4 Dusign proven by ocver § ysars
production of thousands of this
model,

w Operation as simple as ABC. Mul-
tisactian push-butten switches da
all work. Simply "follow tha ar-
rows”'  for' tube checking, No
rogaming test leads for the mult.

meter.

& Open facw wide scale 44-inch
ruogad meter built especially for
this tester—500 microampere ten-
sitivity,

W Each AC and DC range individu-
ally ealibratad, )

* Professional appearance. Saolid
goiden ocak carrying case.

* Guarantesd Rectifier.

SPECIFICATIONS

oC MICHOAMPERES:
0-300

oC MILLIAMPERES:
0-2.%.10-80-250
oG AMPERES
01410
DE ¥OLTS—1000 OHMSE PER VOLT:
0-5-25-100-250-500-1000-2500
AL vOLTS
0-%5-310-50-350-1000

DUTPUT ¥OLTS:
0-5-10-50-250+ 1 QB0

GHMMETER:
D-200.2000-20,040 GHME
0-2-20 MEGOHMS

HAYTERY TEST:

Lhecw Dry Portabie “'A'' and "'B'" Bat-

terles Under Load
COMDENSER CHECHK:

3

Electraiytics cheched nn English Reading
]

Scale ar fralen voltags
200-250-300-450 wvolis.

TUHE TESTER:

EmIssion bype with idolee tesl, Tladbing

Hianmients, easiy chart operation. CheCha
all recelving type tubes.
FOWER SUPPLY:

115 wols 60 cycle. Speclad veltage and
IrvQuency wpon request.

BUPREME INSTRUMENTS CORE..
" Greenwaod, Miss, US.A..° " -
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A CHASSIS CRADLE
FROM PIPE FITTINGS

THE sturdy chassis cradle illustrated per-
mits working over a radio set with all
wiring, etc., in full view, but without the
usual hazard to tubes and other compo-
nents. The rig can be quickly constructed.

All parts, including the "C clamps, can
be obtained from your Jocal hardware-
plumbing supply house. The lengths of pipe
listed ail come pre-threaded. The parts list
follows: “A" is a twelve-inch length of
pipe. Four required. “B" is a Tee. Three

T~ "
Lo XY reo=

The chassis cradle above was built entirely
of ready-cut sasily-obtained pipe fittings.

required. “C" is a 45-degreec Street Elbow.
Eight required. “D” is an Elbow (90 deg.).
Four required. "E” is a Cross. One re-
quired. For “F.," 4 nine-inch lengths of pipe.
“G" requires 2 six-inch lengths of pipe.
“T" as desired, but should be about twelve
inches longer than the longest chassis you
are accustomed to repairing. For conven-
ience it might be well to bave two different
lengths, This is the one part that does not
require to be rigidly tight. Thus it can
be changed at will and permits easy “knock-
down” when it isn't required on the bench,
For "“X" use two “C" clamps. These
should be the five-inch size, accommodating
almost alt chassis.

At point “Y" on the illustration it will
be necessary to file down the thread with a
large rat-tail file in one direction of the
cross so that part “J” can ride through
smoothly. By the same token there should
be no thread on the iree end of “J."

By making the steeve “Y” smooth so that
it slides easily over *]J” but with no free
play, a very rigid yet easily-adjusted cradle
may be made. The chassis forms a top sup-
port when clamped in place, thus adding
another brace. Thus it becomes unnecessary
1o secure “J" in any way, though the per-
fectionist may prefer to drill and tap Y™
for a set-screw.

One threaded end should he cut off “"G”

so that its over-all length will not be more
than four inches, The unthreaded end
should then have a slot cut in it to accom-
modate the web of the “C” clamp, as
shown, The “C" clamp should then be
welded into the slot. This operation is,
perhaps, the only one vou will not be able
ta accomplish alone. If you have no weld-
ing rig, you will probably be able to nego-
tiate help from the local garage man who
repairs broken automobile fenders. 7t will
take him only a few minutes.
. The most useful size for pipe and fit-
tings should be from one to one and one-
half inches. The “C"” clamps should be in-
stalled in the positions shown in the illus-
tration so that the clamping pressure will
come up against the top of the inverted
chassis.

T have found pipe fittings very useful in
the radio shop. They come in a number
of ready-cut lengths, which can be em-
ploved with elbows, bases for attachment
to wood benches, and other fittings, to
build up numerous handy devices.

BRI
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FIXED-BIAS AMPLIFIERS

(Continued from page 18)

the one found in 90% of the commercial
A.C. sets. In this type, a resistor is insert-
ed between the power transformer’s high
voltage secondary centertap and ground.
The entire B4 current must pass through
the resistor in such a direction that a volt-
age, negative with respect to ground, builds
up across the resistor. By using the correct
resistance value, the correct voltage for
biasing the output stage may be obtained.

This circuit is still far from true fixed
bias. The drop across the negative-bias re-
sistor prevents the full voltage output of
the power supply from being effective as
“B" voltage, and the current through it is
not steady. We have only succeeded in mov-
ing the second disadvantage of ordinary
cathode bias to another part of the circmt
and in reducing but not eliminating the
first disadvantage, that of varying bias
voltage.

Ti7Z&e-0T

vy ac.

HEATER

_'_'_.‘ -L—,;

Fig. 3—One [17Z8-G used to supply high
and bist voltages for recsiver or amplifisr,

This circuit works best in a large ampli-
fier or radio where a number of tubes and
perhaps a2 high-current bleeder draw cur-
rent through the bias resistor. Since the

find the extra chassis space required to hias
a single tube by this method.

A TRUE FIXED.BIAS JOB

A bias voltage developed by a current
which will be absolutelv constant and in-
dependent of varying tube conditions may
he reached in the circuit of Fig. 2. This
unit makes a most satisfactory phone
amplifier with an amazingly low distortion
level and high output. The cathode of the
1.V hias rectifier is connected to one of
the high voltage transformer leads. It i
ohvious that this connection of the rectifier
wiil cavse a negative voitage approxi-
mately equal to the R.M.S, transformer
rating for one-half the high voltage sec-
ondary to appear across Cl.

We are now faced with the problem of
dropping the voltage to the required values
for biasing the tubes and of filtering said
voltage particularly thoroughly, since we
are using half-wave rectification, These two
purposes are acomplished at the same time
by the two resistors R1 and R2, which act
as dropping resistors and also as filter re-
sistors int conjunctien with C1, C2, and C3.
Owing to the high values of R! and R2,
filtering is very efficient, thus reducing hum
to a minimum. C4 further filters the hias
to insure hum-free operation of the more
sensitive first audio stage. R3 and R4 are
1.R.C. potentiometers with metal backs by
the aid of which they were soldered to the
undet-side of the chassis. Their shafts
were cut off fairly short and slotted to
provide screw-driver adjustment, The bias
voltages should be measured at the center
terminals of the potemtometers themselves
with an accurate and sensitive voltmeter,
and no attemnpt should be made to measure

Fig. 4 — The ampli-
fior Mustrated at the
head of this article.
Resl fixed bias, sta-
bility and freedom

from coupling between
stages reselt Tn ten
watts of undistorted

output from one &L&.

plate current variations in one stage are 180
degrees out of phase with the variations in
the next, the average bias current in such
sets may be fairly close to constant. An-
other disadvantage is a greater tendency
toward hum, which requires a series of de-
coupling resistor-condenser networks, to
prevent the hum from reaching the grids
of the audio tubes, Extra filtering is also
required. Low supply voltage and addi-
tional difficulty in fitering the output of a
half-wave rectifier make the system en-
tirely impractical for A.C.-D.C. sets, It is
cheaper to use two tubes in push.pull with
cathode bias than to buy the condensers and

the hias at the grids of the tubes unless it
is donz with an electronic veltmeter, The
potentiometers provide exceedingly fine
adjustment of the optimum bias voltages
{(—8 volts for the 6C5 and —20 volts for
the 6F6),

In hooking up the amplifier, one should
be sure to ground the positive leads of C1,
C2, C3. and C4, since the voltage betng fil-
tered is negative with respect to ground.
The values of R1 and R2 may be allowed
to vary over quite a range. In general, the
current drawn by the bias system should
be kept pretty low—around 10 ma. or less
—to avoid unnecessary current drain and
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unbalancing of the power transformer's
high-voltage secondary by drawing ap-
preciably more current off one half than
off the other. The values given in Fig. 2
were found to be quite satisfactory with
this circuit. The potentiometers should be
such that the desired bias voltages can be
obtained by setting the arm of each pot
near the center of its range, The values
given for R3 and R4 in the diagram should
work perfectly well

This method of biasing is particularly
applicable to A.C.-D.C. systems, where one
rectifier can be made to serve for both
power and bias supplies. See Fig. 3.

Crher tubes such as the 25Z6, 50Z7G and
SOY6GT may be similarly connected, the
only diference being in the filament ratings.
Thus the designer can choose a rectifier
which will have filament requirements such
that it may be used in conjunction with
the other tubes he intends to use. This
douhle use of the two portions of a double-
diode rectifier is similar to a voltage dou-
bler, the difference being that in this ap-
plication the voltage is calculated plus and
minus from the zero ground point. where
in the doubler both voltages add up from
that point.

A GOOD AMPLIFIER

Finally, I give the circuft (Fig. 4) and
general view {photograph) of another am-
plifier operating on the same principle as
the units of Figs. 2 and 3 but of greater
power output, The 6L6G in the output
stage will deliver full 10 watts at a mini-
tmum of distortion. The power transformer
delivers 375 volts RM.S. each side of the
centertan, at 150 ma. For this reason the
author thought it necessary to use a sen-
arate, ungrounded winding for the L.V
heater to insure against breakdown he-
tween cathode and heater. This i5s probably
not necessary, tut it is hest to be on the
safe side. Moreover, a small resistance was
inserted as shown between the 1-V plate
and the first filter condenser, since the
light load placed on the 1.V by the bias
voltage divider will otherwise cause an
excessive voltage to build up across said
condenser: as it is, a 500-volt rating is
desirable for that part. In other wavs, the
hiax supply iz similar to the one of Fie.
2. The rest of the amplifier follows stand-
ard practice.

Tt should give Tong and trouble-free
service at an efficiency, outnnt level, and
distortion level seldom equalled in sincle
tnhe class Al output stages using the
avaflable receiving-type tubes.

In closing, let me urge again the im-
portance of well-regutated bias for maxi-
mum efficiency, power output and minimum
distortion.

I trust that one or more of the ideas of
circuits snggested in this article will be of
some help to those ambitious amateunrs
who want to get as much out of their
tubes as the commercials do. Try it once
and be convinced!?
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TRANSMISSION LINES
(Continued from page 21

shert sections shows that these two im-
pedances approach each other with remark-
able speed, and a4 point is soon reached
whiere they are so close it 1< hardly worth
while to add more sections. 11 the imped-
ance of the Tine when opent is (lor in-
stance) 201 ohms, and that of the same
section shorted, 199 alimis, we must belicve
that bewever far the line s extended, the
impedance will be close 1o 200 ohms.

If we are working with short lines at
fow frequencics, and cannot bring  these
impedances so near torcther with he
length of lines at our disposal, the “charac-
teristic impedance’ can readilv be calculat-
ed, Simply measure the open-cireuit and
short-circuit impedance of the section wnd
take the geometrical mean. ( Alultiply the
two ligures together and wet the square
root of the product.)

The single-wire line is u special case,
Its impedance cannot e easily computed.
and is uwstiallv taken as about 300 ohims,
though abviously it must vary somewhat
aecording to its surromndings,

A FINITE “INFINITE LINE"

Now for the reason we have made the
line infinitely long. High-frequency  (or
other) currents are not bothered by stand-
mg waves on such a line. They just keep
right ot goinz—there is nothing to reflect
themn hack, This is whv even wvery high
frecuencies can be piped down sucl a hine
with the ease of DLC. in a battery cireudt
without bothering abent taning.

Again our watchful student breaks in
“But there ain't no such animal " he in-
sists. “Tirst vou introdice vour infinite line
simply 08 an ilustrdion, and now vou are
proposing te run cirrent aleng it You arc
simply tryving to kid us

There 18 no intention of trving 1o de-
ceive the reader, We are out for hbigger
vame. What we intend to do iz kid Mr
High-Frequency himself! Amd that can he
done by a very simple trick. Tt has already
been made clear that gt anv poing on our
hvpathetical 200-ohm line, the enrrent sces
a 200-ohm impedance before it [P simply
cut the live al any conveniont point, and
stip a 200-ofon resistor across the open
ends. The effect is the same as if the line
extended into infinity, The current has no
way of finding out that it doesn't!

TERMINATIONS THAT TAKE POWER

So now we can get an infinitelv long
line into a good-sized room. Our problems
are not all solved, however. We must not
only find a wav of terminating the line
so that it looks infinitely long to the cur-
rents travelling on it, but we have to get
them off that line agnin, if we are going
to deliver any power to another cireuit.

Thiz is comparatively simple. Tf we are
working with 60-cycle current, all we have
to do is terminate onr line with a trans-
former winding, motor or other piece of
apparatus so designed as to present the
proper tmpedance to the line. You can
then take power from the finite “infinite
line” with no trouble,

The same thing can be done with radio
frequency. Tn most cases transmission lines
are used to carry currents from a transmit-
ter tank to an antcnna svstem, We have
learned that the impedance of a straight
half-wave antenma is close ta zeto at the
center and practically infinfte at the ends.
We can therefore. by connecting across
larger or smaller scctions of it, match anv
desired impedance. Thiz can be done as

1€

shown in Fig, 3, (a) and (b). The ordi-
vary “doublet antenna” of e 3 (a) is
fed by o transmission line of abour 73
uhims impedance, so connected it the ends
are about ten inches apart, at the center
of the antennn. The impedance at  this
point 15 close (o 75 ohms, To prevewr
shorting: our fransmission line, the center
10 inches of the antennz is taken out and
an msulator  inserted. This 13 another
example of the tricks you can play on
radic frequeney., The antemna i3 used to
mecting an impendance of 75 oluns at this
noint, and does not know that s middle
section has heen taken away and the line
incerted instead, On the other hand, the
line, meeting its charuacteristic impedance
of 75 ohms. imagines that it extends in-
definitely.

Tf we have a higher-impedance {wider-
spaced) “‘feeder” we simply connect its
ends ta poitts farther from the center. In
this case it is not necessary to use in-
sulators, the feeder terminals “looking
into” the =mame impedance, whether they
lonk to the center or the ends of the line.
{ This tvpe of connection is actually not
tuite s simple as that, becanse it is
made across points on the aerial which
present 2 bigher impedance than the charac-
teristic of the straight part of the line,
and the line impedance increases steadily
through the V-shaped pertion, which acts
as an impedance transformer.}

{The term “feeder” nsed ahove follows
transmitter terminology, because these lines
have hecome very popular in transmitters,
The line is fully as applicable to receivers,
and is as much a transmission line when
it is transmitting energy from the antennn
to the input coil of a recciver as when tak-
ing it from the output of a transmitter to
the aerial}

When a transmission line is used to
couple two coils together. as in a trans-
mitter, the ioh is even easier. Such “links”
are made with a2 turn or two of wire at
cach end. as coupling loops, and coupling
to the coils iz varied for best results.

CAPACITOR CHECKERS

f Continned from pane 243

When testing electrolvtic condensers for
teakage care mast he tuken to connect
them for correct polarity, although ac-
curacy does not warrant it, and the con-
dentser will certainly not be harmed by the
brief application of incorrect voltage while
it is under test,

The leakage test may be used for de-
tecting leakage anmywhere, but its main
purpose i this unit is  for detecting
leakage in condensers. The neon
lamp emploved should have a striking
voltage of about 80 volts as the voltage
available is only 100 volts. When a con-
denszer is connected across the leakage ter-
minals the neon lamp will flash moment-
arilv, due to charging. 1f the condenser
is good it may take a short time until
the next flash, A leaky condenser will
flash everv second or so, amd onc that is
really in bad shape will show a continuous
fight, Care must be exercised when ap-
plving the above principles to electrolvtic
condensers, as they alwavs have n certain
degree of leakage.

The rectifier circuit used in the hridge
introduces some novel details. The tuhe
employed iz that versatile diode, the 6HS,

which has gained so much popularity for
use in detection, AVC systems, clectron
voltmeters, ete., and is emploved in this
bridge in the capacity of a low voltage
half-wave rectifier, One of the main ren
suns for its inclusion was the  limited
space available for construction and that
a metal rectifter was unobtainalle.
ondly, the heater has the same cating s
the BE5 Thus the flament transformer
winding serves hoth. Luast but not least,
the current per ancde of the 66 13
milliamperes, Al that is required is the
current drawn by the L3 arger aod
tricde plate current - - approximately 13
milliamperes at 100 valts- so the 6HS s
not overloaded by this small consumption.
On actual tests the total consumption af
the unit was 1.6 milliamperes, a light load
for even the 6H6,

CALIBRATION FOR CAPACITY

The voltage supplied tu the 65 target
is approximately 113 volts, which is sufiy
cient for efficient operation.

A double-pole double-throw 1ogule switch
is incorporated in the instrument, so that
scales calibrated on resistance will also
hold good for capacity. By emploving this
switch, the aclion of the bridge is reversed
for capacity measnrements, thus enabling
a single scale reading from .01 (o 100 to
be emploved for both. All that is neces-
sary in the opcralion is to place the switch
in the correct positiom when measuring
a resistor or a capacitor., The walnes of
the standards chosen are in mnltiples of
10. Thus the reading on the scale 15 mul-
tiplied by the wvalue of the ‘range on
which the measurentent has heen made.
For instance, if a resistor is being meas-
ured on the 100-ohm range and a reading
of 4 35 obtained, then the value of the
resistor is 4 times 100, which is of course.
40 ohms.

The resistance Rl1—of value 1000 olims
3 watts—in series with the transiormer aml
potentiometer automatically graduates the
bridge voltage to suit the impedance heing
measured. It will be seen that for resist-
ances of high valee and condensers of
small value, the full 50 volts is awvailahle
and for Jow impedances which at a volt-
age of 30 would pass too much current
hoth for themselves and the transformer.
the voltage falls 1o a suitable value. Fven
if the test prods are accidentally shorted,
no harm will ensue. It will be noted that
3 megohms is the value emploved for the
grid-cathede resistor of the 6ES tube, but
this value is not a hard-and-fast one, as
during test operations of the instrument
it worked successfullv with values hetween
2 and S5 megohms. Tf there is any sign of
the 6ES overloading an inecrease in this
resistor is advised. Overloading is indi-
cated when in place of a shadew a patch
of extreme brightness appears. The re-
sistor in the power supply, R2, of 10000
ohms, 2 watts, mav be increased or de-
creased to obtain the correct potentials at
the 6FE5 target and anode, which in this
case is 100 volts. The bridge mav also
be used to supply a variable 60-cycle sig-
nal up to 50 volts.

One final point in conmection with the
various bridges described. The accuracy of
the bridae will depend on the acenvacy of
the standards emploved. and resistors and
capacitors of close tolerance should he
ohtained, The acecuracy of the last describ-
ed bridge is between 192 and 367 depend-

:'_,:'\‘.l"

ing on tolerance of standards, For all
practical arrangements this will he  ae-
curate enough for servicemen., amateurs

and experimenters. 1{ higher standards of
accuracy are rvequired. the next item s
an elahorate Iahoratory bridee with ac-
curacy to 14%. '

1946 RADIO-ELECTRONIC REFERENCE ANNUAL



www.americanradiohistory.com

DYNAMIC TUBE TESTER
{ Continued From page 21)

of sockets to accommodate all types of
receiver tubes in use, wired together ac-
cording to standard pin numbering, with
each of the nine possible contacts brought
out to pin jacks or terminals on the panel
The sockets, transiormer, meter and fila-
ment switeh of an old emission tester cuuld
be adapted to the purpose.

PATCH-CORD SYSTEM

This is essentially u technician’s instru-
ment and switching arrangements would be
complicated and costly. Therefore, with the
exception of the filament, no switching ar-
rangement was considered. Instead pin
jacks and pin tip leads are used (o make
the wvarious connections externally. This
gives the instrument complete flexibility
and frecdom from obsolescence unless new
type sockets are brought out, at which time
they could easily be added.

Referring to Figure 3, it will be seen
that the instrument must be used with a
tube manual for the application of proper
voltages to the correct pins and to find the
Sm to be expected under theze conditions— -
unless the builder prefers to make a com-
plete list of pin numbers, voltages and Sm
to be expected, The writer found it simpler
to enter the bias setting and Sm in the
tube manual.

Calibration of new scales for the 5m
meter is carried out with known good tubes,
The procedure will vary with the tvpe of
D.C. milliammeter used. Let us assume that
it is a 0-6 Ma. This should give us a range
up to 6000 wMhos. First we must set Rl
to apply one volt peak between cathode and
grid. This should be measured with a
V. T.V. M. if resistance of R1 is high. 1f
one is not available calculate it from the
output of T1 and the resistance ratio of 181

x+vy
Etv

when Fg s signal output, Ft is transformer
output  and equals 1414 times voltage
measured on ordinary meter: x and v are
values in ohms either side of tap.

Insert a known good tube, sav a 6C5, and

Ee =

Sz@
s+ @

Rs 5‘@ R4

Panel layout of the transconductance meter
is such as to promote speed and efficiency.

apply voltages for an Sm of 2000 £Mhos.
Tf the outpnt circuit were completely effi-
cient a reading of about 2 Ma. should be
obtained. Tn any case, mark the scale for
2000 pMhos. Similarly, repeat with say a
6]5 for 3000 gMhos, 2 27 for 1000, a 6V6
for 4000, and so on. By consulting the tube
manual, tnbes with other values can be
chosen and different tubes with the same
Sm used for a2 double-check of the calibra-
tion, which should be fairly linear.

Some constructors may prefer to put Rl
on the front panel and log an arbitrary
value for each tube which will give it the
correct Sm rteading to correspond to the
manual data for given conditions. Tt should
2lso be mentioned that the bias control R4
can be used to vary the output reading.

If a1 or 2 Ma. meter is used it would
be best to have two or even three seales,
increasing the meter’s range with a switch
and shunts. In the case of a heavy curremt
meter of 10 Ma. or more it would be advis-
able to increase the input signal voltage to
give full scale deflection for a 6000 sMho
reading. An Sm scale of 0-3000 will handle
the great majority of tubes; in fact all
but about twenty. A 0-6000 gihe scale will
take care of all but nine, such as the 2516
and 6Y6, The 1633 is highest with an Sm
of 10,000. The builder can decide whether
or not it is justifiable to extend the ranges
in order to measure these tubes at their
full rated value.

CONSTANT VOLTAGE NEEDED

1t ie of course casential to hald all volt.
aces conctant, hence, rheostat R7. eapahle
of dissipating 30 to 40 watts. If an AC
voltmeter iz nat avaitable to incorporate in
the instrument. pin jacks can be provided
to nse an external one. Similarly, with the
meter M1 which, if it belongs ta a multi-
tester, comld not be calibrated directly. Tt

would then be necessary to make a conver-

sion chart for it

Alsn note that it is neressary to nse a
center tapped resistor when checking fila-
ment tvpe tubes or a 60-cvrle voltace will
be impressed on the grid (independent of
T1Y. due to unhalance in the filament cir-
euit. Tf the C.T. resistor iz low in valure
it will have to he apened up by switch 82
for high filament voltage tohes, or it will
turn out. T a high value i= chosen to avoid
this it will bias the tube.

No provision was made for emission or
short tests since it would further complieate
the eirenit and it is assumed that a con-
ventional emirsion tester is available for
such tests. However. the ontput circuit
could he modified as shown in Figure 2 to
provide emission tests by throwing S1. The
ewitch is donble-pole double-throw twpe.
When used for emission tests the meter
chunt Ré is connected across the meter to
give it a suitable rance and the meter is
inserted in series with the plate supplv
Fmission readings should corresnond with
manual data for given voltages. The meter
should cover from a few mils to at least
60, and it mav be desired to add ancther
shunt and switch to give more casily read
ranges.

Hooked up as straight emission tester,
tubes can be checked quickly encugh to
permit its use in a commercial radio service
shop. When more precise measurements
are required, it hecomes a transconductance
tester with the flip of a switch.
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To save pin jacks the writer used an in-
sulated panel (Masanite) and drilled holes
to take the pin tips, riveting springs to the
back of the panel. Pin tips were made from
heavy copper wire, insulated with tape.
Since the operator may come in contact
with 350 volts, it is advisable to break the
plate supply with a switch, 534, while set-
ting up for a test, Also, of course, care
must be taken in making correct connec-
tions, or the tube might be dumaged. Dual
purpose tubes will require two or more
separate tests.

If a tapped filament transformer is not
available it can be wound on any power
transformer with a good 110 v. primary.
{When removing the old windings ohrerve
the number of turns per volt. If a 5 v
winding has 30 turns the transformer has
6 turns per volt. This can be used to com-
pute where to tap off leads. Tn this case
the 1.4 v. tap will be at 6 x 1.4 == 8.4 turns
and 63 v. at 6 x 63 = 378 turns ap-
proximately,)

The dynamic tester is a most useful in-
strument and will well repay the builder in
time saved, partciutarly when a replacement
tube is not readily available for a substitu-
tiont check, or a receiver for a check under
operating conditions, At the same time it
will save the rejection of low emission but
otherwise good tubes.

This checker should be well worth the
time and energy spent in constructing it.
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Add GREI Technlcal Tralning to Your

Present Experience—Then Get That Better

Radio Job You Want—Enjoy Security!

Thousands of pew men joined the ranks of the radie industry
during the war. Now, even more thousznds are returning from
the armed forces. Competition for the better technical jobs
will be keen. Where will you fit inte this pictere?

If you are wise, you will take action now and prepare for
the good-paying jobs in radio-electronics. Every man in radie
today has the opportunity to see the amazing developments
that are taking place, as well as the unlimited opportunities
available to men with modern technical training,

It is up to you to decide if you will be a “screwdriver”
mechanic or 8 reel technician in & responsible engineering
position,

Servicemen—
Discharged Veterans

Available Under
Provisions of "G.L" &Il

CRE! naw oHera Revidence
Schonl courses in Radio-Elec-
tronica  Engineering, Troadeant
& Television Eogineering  and
Eroadeast & Television Servic-
ing under the Serviceman’s He.
adjustment Act of 1944 (“G.L."
RHifl.} Classes now in sesslon. Ea-

ter at any lime, Write for detalls,

Prod
Fr

CREI home study courses are constantly being revised nnd kept
up-te-date with the rapid developments in the industry, Whar da
rou keow taday about UH.P. circuics, cavity resonators, wave
guides. Klystrons, Magnetrons and other tubes? U.HLF. as well as
all other basic principles of modern, practical radio-elecronicy
engineering are covered in CREI home study courses.

CREI can help you prepare by providing you with a
proved program of home study training that will increase
your technical ability and equip yon to advance to the better-
paying radic fobs that offer security and oppertunity, The
facts about CREI and what it can do for you are printed in a
36.page booklet. It is well worth your reading. Send for it
today.

WRITE TODAY FOR FREE 36-PAGE BOOKLET

“Your Opportunity in the New World of Electronics”
TELL US ALL ABCOUT YOURSELF, so that we can intelligently plan o course best
wuiled to your needs. I{ you have had professional or emateur radic expsrience —

let ms prave to you that we have something you need to qualify for & better radia lob.
CREI Resldence Trulnlng To help us intelligently answer your inqulry—PLEASE STATE BRIEFLY YOLR
BACKGROUND OF EXPERIENCE, EDUCATION AND PRESENT POSITION.

CAPITOL RADIO Engineering Institute

HOME STUDY COURSES IN PRACTICAL RADIO-ELECTRONICS
ENGINEERING FOR PROFESSIONAL SELF-IMPROVEMENT

Dept. RC-14, 3224 — 16fth Street, N. W., Washingten 10, D. C,

Contractors to U, 5. Nawy—1J, S, Coarl Cuard—Canadian Broadeasting Corp,

of Well-irained Technical Radiomen for Indusry.

ember: National Couneil of Technical Schools
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