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NEW NOISE SILENCER

Diagram of a noise silencer. The plug PK picks up
plate and cathode of fhe last i.f. tube at socket. The
6L7 replaces the removed tube, though on the separate

Heaters are shown in parallef for connec-
f n to 6.3 volts a.c. or d.c. For constants see page 11.
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CONDENSERS

THE built-in quality and inherent depend-
ability of a condenser is a factor that can-
not be measured on any known metering
device. [t is a factor that can only be estab-
lished after years of consistent and unfail-
ing service. .

FOR the past twenty-six years Cornell-
Dubilier has been supplying the radio and
allied fields with condensers of every descrip-
tion. That these renowned condensers have
been giving uninterrupted, dependable service
is substantiated by the fact that the largest
transmitting stations, United States Govern-
ment departments, leading radio set manu-
facturers, specify and use C-D capacitors.

Check these outstanding features of the
C-D line of electrolytic condensers:

V' Hermetically sealed in three containers.

V' Manufactured with the High Formation
anodic plate.

V' Precise construction—no corrosion—longest

life.

V  Constant capacity characteristics at all tem-
peratures,

V' Negligible leakage, and power factor.

V' Available with either lug or wire lead ter-
minal assembly in cardboard and alumi-
num containers.

V' For panel or sub-pansl mounting.

V Complete capacity range at voltages from
25 to 500 volts.

0

ALSO A COMPLETE LINE OF
PAPER, MICA and DYKANOL CONDENSERS

Remember! All C.D condensers are uncon-
ditionally guaranteed for one year.

Available at all leading distribu-
tors. Descriptive literature on
the complete line furnished upon
request.

CORNELL-DUBILIER
C O R P (0] R A T I

4343 BRONX BOULEVARD e
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EILEN 6A SHORT
WAVE RECEIVER

A Giant in Performance

The most compact, powerful, and efficient
short wave receiver of its kind in the short
wave field, Uses 6K7—6F7 (twin 2 in 1
tube) — 6C5 — 12A7 (twin 2 in 1 tube)
hi-gain tubes as RF amplifier, screen grid
regenerative detector, POWERFUL 3
stage audio frequency amplifier, rectifier
and complete built in power supply.
Operates entirely from the 105 to 130
volt AC or DC house lighting system.
Entirely self contained. No external ac-
cessories whatever required.

FULL 6 TUBE PERFORMANCE — BAND
SPREAD TUNING CONTROL — built in loud-
peaker — tic headph jack — beautiful,
large, illuminated airplane type vernier dial—
smooth regeneration control — large 3 winding
low loss inductances — selectivity, and volume
that will y il i to make this
an unusual value in short wave apparatus that you |
cannot afford to miss. ORDER YOURS TODAY!
YOU'LL. NEVER REGRET IT!

Heavy, black shrivel, finished metal chassis and
cabinet. Must be seen to be appreciated. Capable
gf good foreign SW reception under proper con-
itions.

Eilen 6A Kit, of nccessary parts, coils for

914.200 M. and instructions.........ccoooiuiid $ 7.45
Beautiful cabinet. extra ........ceiiiiiiiiiien 1.25
Set of matched tubes. ........ccviiiiieiierannnns 3.15 |
Special loudspeaker ...........iciiiiieieieenns 1.45
Broadcast band coil ...l 1.25 |
SPECIAL: Complete kit. cabinet, tubes, |

loudspeaker and BC coil....c...ovoiviiiinen 12.45 l
Labor for wiring and testing, extra.......... $ 150 |

FREE « Large, illustrated, catalogue of short
" wave receiving and transmitting kits,

Send for YOUR copy.

PROMPT SHIPMENTS.

20% deposit on C.O.D. orders

EILEN RADIO LABORATORIES

136 Liberty St., New York, N. Y.
Dept. RW 3

parts and accessories,

AVING

,
FADID_ VA

Right up to the minute! Every last
minute price change! Every latest
development! All leading manufac-
turers representedl What more can
anyone ask from a catalog!

You'll find a large selection of
Lafayette Public Address Equip-
ment . . . amplifiers from 31/, to
100 watts for every conceivable
occasion, complete system, portable
and mobile. There are auto radios,
aerials, parts and accessories while
a big section is devoted to receivers
from 4 to 24 tubes.

Remember — NO non-essentials;
only fast selling profit-making sum-
mer sellersl Be sure to get your
copy today.

EXCLUSIVE HAM CATALOG

If you have not received your copy of
this specialized catalog written by ama-
teurs for amateurs—send for it today on
your Q.S.L. card. 48 pages crammed
with Ham stuff, data, valuable information.

NEW LAMB NOISE SILENCER
We carry all the parts for this new de-
velopment . . . at lowest WHOLESALE
prices.

e o ot o e ey .y - v s o " g o o —

Wholesale Radio Service Co.,
WHOLESALE RADIO SERVICE CO..
100 Sixth Avenue, Dept. RW-3i
New York, New York.
Please send me your new Spring Catalog No. Gl

Name
Address

\WHOLESALE RADIO SERVICE (0:

CHICAGO, ILL. NEW YORK.N.Y. ATLANTA, GA.
901 W.JACKSON BIVD. ® 100 SIXTH AVE. ® Q0w rtacHTREE sTHW

BRONX WY, e  NEWARK.N.L
SA3 E VORDMAM AD 219 CENTRAL AVE
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testing. Get this les-
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| WILL TRAIN YOU AT HOME

IN SPARE TIME FOR A

TELLS HOW

FREE B“"K MAIL COUPON

Act today for better pay. Act today to break
away from a low pay, no-future job—to get
away from baving to skimp, scrape to pay your
bills,. Mail coupon for my free 64-page book. It
tells you bow I will train you at home in your
spare time to be a Radio Expert; about my
training that bas helped hundreds of men to
make more money.
Many Radio Experts Make
$30, $50, $75 a Week .

Consider these facts—think of the good jobs
they stand for. Over 20,000,000 Radio scts in
use, over 600 broadcasting stations, over 40 man-
ufacturers of Radio sets, over 2,000 manuface
turers of parts, over 100 Police Departments
Radio equipped. airplanes and airports Radio
equipped. Thousands of ships touching every
seaport of the world, are Radio equipped. Over
35.000 stores selling sets and _parts, over
2,000,000 autos Radio equipped. Loud speaker
systems wherever people gather, indoors and
outdoors.

Commercial Radio stations dotting
our coast lines. Radio a big industry—is grow-
ing bigger. A few hundred $30, $50, $75 a week
jobs have grown to thousands in recent years.

Get Ready Now for Jobs Like These
A spare time or full time service shop; installing,
maintaining, operating—broadcast, aviation, commercial,
ship, television and police stations. A Radio retail or
service business of your own. Installing, maintaining,
servicing, loud speaker systems. A service or sales job
with s store or jobber. I‘ll train you for good jobs in
many branches of Radio.

Many Make $5, $10, $15 a Week Extra

in Spare Time Almost at Once
Every neighborhood can use a good part time service-
man. The day you enroll I start sending you Extra
Money Job Sheets which quickly show you how to do
Radio repsir johs common in aimost every neighborhood.
Get book—see for yourself that many of my students
make $200 to $1,000 in their spare time while learning.

Your Money Back if Not Satisfied
I'll make this agréeement with you. If you are not
entirely satisfled with my Lesson snd Instruction Berv-
ice whea you finish, I'll refund your tuitiom.

Find Out What Radio Offers
Matil ths coupon. My book of imformation on
Radio‘'s spare time and full time opportuni-
ties is free to ambitious men. Read what
Badio offers you. Read about the training
I give you. Read letters from gradustes— [B
what they are doing end esrning. There's
oo obligation. Mail coupon in an envelope M
or pasté it om 8 ponny post card NOW. ]

2

). E. SMITH, President
National Radio tnstitute, Dept. 6CM4
Washington, D. C.

D RADIO JOB !

Save Money—Learn At Home
My Special Equipment Gives You
Broad, Practical Experience
Hold your job. No need to leave homa and spend

s lot of money to become a Radio Expert. I'll train
you quickly and inexpensively right at heme in your

You_don’t need a high school or eol-
of my successful graduates
y practical 50-89

spare time.
lege education. Many
didn't finish grade school.
method of training—half with lessons,
Radib equipment I furnish—gives you b:
tica]l experience—makes learning st home easy, fas-
einating, practical snd quick. There is opportunity
for you in Radio. Old jobs are becoming more com-
plieated — many need better trained men. New
develbpments are making new opportunities, Short
waves, loud speaker systems. police Radio, auto
Radto, avistion Radio, Television-—Radio’s newest
uses are covered by my Training. Here's s fleld
that's growing. It is where you find growth that
you find opportunity.

| have
helped
hundreds of
men make
more money

3. E. 8mlih, President
National Radio Institute, Dept. 6CM4
Washingtoa, D, C.
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The Noise Silencer
L ° L]
Machine Gun Static, Bothersome on
L *
Short Waves Particularly, Wiped Out
] ® ® L]
—Big Interest in Device Stirs Industry
By Charles Ellington Woods

A The heart of the noise
S silencer circuit, showing the
second if. amplifier, 6L7;
the signal detector, lower
6Hb; the noise amplifier,
& 6J7; and the noise rectifier.
— upper &Hb6. The correct
T = = connections to the remain-
s - |22 3 der of the receiver are
> L) indicated by arrows. The
7'5 cc” . 5'5 = | weise threst 'fermié\al connected to CI?.
£ 1S ’ intended for beat oscil-
“ I ‘I} i R \_"_r}':: lator, may be neglected
R e LS ,”l B L VoL <, when the receiver is to be
4G T ) == used solely for broadcast
a Fo | sl | Ao d = reception. The noise is
o Ak T = ) suppressed in the 6L7 by
£ Cathe 1 1 70 cM o5¢ +250¥ voltage from upper 6H6.

MATERIAL progress has been made re-
cently in the reduction or elimination of
noise from reception. The results have been
generally satisfactory, so much so that silencing
circuits have been applied to hundreds of re-
ceivers, particularly superheterodynes, and a
brisk business in manufacturing them, or selling
parts for their construction, has sprung up.

The fundamental basis of the circuit that has
attracted so much attention is the division of
the intermediate frequency carrier into two
tubes, 6L7 and 6]7, so that feed to detectors
takes place in two dissimilar channels, to develop
in the external channel, with extra amplification,
a rectified voltage that is applied to the internal
channel as bias control. The external channel
is given a somewhat speedier action than the
internal channel, so that the large amplitudes
represented by disturbing influences are ampli-
fied in the external chamnel, and the bias is
raised on the internal channel before the noise
is audible.

Not a Cure-All

The system therefore is that of a squelch
circuit. The principle is the same, although the
action is applied dlﬂ'erently, because a squelch
circuit as previously existing was intended pri-
marily to stop reception of noise in an ampli-
fier from which automatic volume control was
absent due to no signal, in other words, to
squelch inter-channel noise.

Since the principle invoked is the same, per-

haps it is well to say a few words about the
original squelch circuit. The action is sometimes
called automatic noise suppression, but one
should bear in mind firmly that the noise
meant is that which is produced in the recelver
pnncxpally because with a.v.c. removed the cir-
cuit becomes regenerative and gets below the
noise level, whereas the new circuit has to do
with noise caused by certain types of motors,
spark coils, thermostats on heating pads, tele-
phone dials, vacuum cleaners and the like,
noise originated outside the receiver, generally
classified as man-made static, although not all
forms of even such static are eliminated by
the new silencer.

The automatic noise suppression circuit for
receiver-originated noise consists of a sharp
cutoff audio amplifier tube so voltaged that
when the audio frequency voltage reaches a
certain height it produces a high enough nega-
tive bias on the tube to stop it from conducting.
That is, the tube becomes biased to cutoff of
plate current.

New One Works at |.F. Level

\When the amplitude is less than that pro-
ducing cutoff, the signal flows right through.
Since the noise is much greater than any likely
signal, the system works. Therefore the auto-
matic noise suppressor, or squelch tube, operates
as a silencer when there is no carrier input,
hut when the noise is large nevertheless, as
produced in the receiver, due to amplification
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of tube noises, shot effects, contact potential
and thermal agitation.

The new noise silencer is actuated by a radio
frequency level—the intermediate frequency
voltage as found in the tube ahead of the set’s
second detector, usually—and therefore does
not operate at audio frequencies. This is one
essential point of difference.

The input to the noise amplifier, or external
circuit, is established by connecting together
the No. 1 grids, overhead caps, of the two

effective Q can not be high, due to the close
coupling, hence the transfer of energy is over
a wide band.

The reason for the low Q is to make the
circuit operative over a larger span of modu-
lation resulting from the noise input. When the
intermediate carrier is thus amplified over a
wide band, and rectification in a diode is intro-
duced, the d.c. in the diode load is applied to
Grid No. 3 of the 6L7 that is really in the
internal, or regular receiver, circuit. This grid

Back view of the noise
amplifier and suppresser.
The 6Hb6 shown is the noise
rectifier, one of the other
tubes is the &J7 noise
amplifier, and the other is
the 6L7, which is also the
second if. amplifier. The
can at left contains the
extra required i.f. trans-
former, marked T4 in the
diagram on opposite page.
The threshold control is
represented by the shaft
at left.

tubes, two because it is necessary to substitute
a 6L7 for the last, usually second, if. tube in
the receiver. This is done by a socket plug
picking up cathode and B plus in the socket
position in the receiver formerly occupied by
the second i.f. amplifier.

Low @ Coupling Coll

It has been said that the two circuits are
dissimilar. The one in the set is orthodox, let
us say, and the one in the external circuit, or
noise amplifier, is such as to develop low selec-
tivity. A transformer is used with primary and
secondary closely coupled, primary alone is
tuned, secondary of low Q. The transformer’s

has a sharp cutoff, just as the tubes used at
audio level in the inter-channel noise suppressor
have a sharp cutoff, e.g. 57 and 6C6.

The effect of the noise on the carrier is that
of modulation, and when the noise is such
that the resultant modulation consists of period-
ically repeating frequencies, especially with
wave forms rather sharply defined, the new
noise silencer circuit works best.

Works Well on Machine Gun Static

This type of man-made static is called ma-
chine gun static, because it has regular repeti-
tive characteristic of machine gun fire, besides

(Continued on next page)

Why the Silencer Can Not Be Heard

When a pulse repeats itself a given number of times a second, below 10,000 times,
it can be heard, and is called an audible or audio frequency. Thus if there is silence,
interrupted 1,000 times a second by an impacting device, we hear a 1,000 cycle note.
However, if there is music being played, and it is interrupted 1,000 times a second, or
at some other such frequency, the effect is not noticed, because of the persistence of
hearing. The ear carries the last previous sound over, just as the eye uses persistence
of vision to make 24 still pictures a second give the illusion of motion, as in the movies.
Hence the noise silencer does not produce a note of the frequency of its actiation.
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(Continued from preceding page)

being of high amplitude. The other general
classification of man-made static is called the
hash type, and is rather heterogenous, sounding
something like escaping steam. Hence the noise
that hesults in modulation of the lower fre-
quency type is well suppressed by the noise
silencer circuit that has just been introduced,
and which was developed by James J. Lamb,
technical editor of QST.

Laymen have been calling Mr. Lamb’s circuit
a static eliminator, but Mr, Lamb has not been
calling it that. The lay public, when it thinks
of static, calls to mind those most heterogenous
and baffling transients, usually of low amplitude
level, that accompany long distance reception
or are present when there is an abundance of
electricity loose about the reception point, as
when a storm is approaching, present, or leav-

device is introduced at the intermediate fre-
quency level, and the answer would be that
there the amplitude is sufficiently high to enable
the control to be most effective, and also there
is only one frequency to consider, for at the
other r.f. level, that of the station carrier itself,
it would be necessary to introduce an amplifier
that was a switch type all wave circuit of its
own, a considerable complication. Otherwise
it would be desirable to have the control act
on as early a stage as possible, although it
can be seen that moving it forward from the
conventional squelch circuit at audio frequencies,
to a special noise silencing circuit operating
essentially at the intermediate frequency, is in
the right direction.

Where Lag is a Benefit

If the action of the noise silencer is not more

Subpanel view of the noise silencer adapter.

Noise threshold control is seen at left and a male line

connector at right.

ing. That type of static is not of the regularly
repetitive frequency type and also is generally
of too low amplitude to be serviced by the new
noise silencer.

Limitations Stressed

It must be borne in mind that the present
development applies only to man-made static,
as distinguished from natural static, and not
to all types of man-made static, but mainly to
that type which is regularly repetitive at an
equivalent low frequency of modulation, and
of extremely high amplitude. Compared to the
usual modulation of a station, which may aver-
age 30 per cent., the type of noise to which
the Lamb circuit well applies has amplitudes
at least twice as great, and even ten to twenty
times as great, or even more.

This may be compared to an atrociously bad
case of overmodulation, and it may be said
that when the circuit would be greatly over-
loaded and draw grid current the noise ampli-
fier is effective in producing sufficient negative
bias to avoid this current and stop amplification
in the controlled circuit.

The question well may be asked why this

rapid than the action of the main or internal
intermediate amplifier, then some noise effects
will be present. It is assumed that the internal
amplifier is subjected to a.v.c., therefore it has
resistor-capacity filters, and the values of the
resistance and capacity determine the time con-
stant of the circuits. The internal second de-
tector or true signal detector is subject to the
same time constant considerations. Therefore
the time constant is made larger in the ex-
ternal or noise amplifier, so that the effect of
the noise control will be speedier than the effect
of the a.v.c. on the main i.f. amplifier. That is,
some lag is present in the main amplifier com-
pared to the noise amplifier, and audibility of
any noise present is prevented by the failure
of the filter capacity to discharge through the
filter resistor in time to render reception audible,
until the quenching circuit has taken effect.
While the noise amplifier circuit has been
described as the external one, and the regular
feed to the second or signal detector in the
set as the internal one, there is no necessity
that the two amplifiers and detectors be on
separate chasses. It merely so happens that at
present, since the device was brought out with
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the idea of constituting a unit applicable to a
good many sets, suppliers have been furnishing
chasses wired for this purpose, to be connected
to the receiver.

Connections Set Forth
The connections are as follows:

1 —The last i.f. amplifier tube, referred to
o generally as the second if. tube as the
noise silencer is more effective on sets with two
if. stages, is removed from its socket in the
receiver.

2 —A tube base that has cathode and plate
. wired to two outgoing leads is plugged
into the vacated second if. socket, so that the
primary of the if. transformer feeding the
second detector in the set is picked up, and as
also the cathode. The cathode connection is
necessary so that the B voltage will be effective.
3 —Since the noise amplifier requires A

. and B voltages, the heater voltage may
be taken from the line, through a dropping
resistor, and the B voltage from B plus of the
receiver, usually plate return of the power tube.
Cathode biasing takes care of the voltage for
the 6]J7 in the noise amplifier, and so that A,

B and C voltages are complete.
4 —The grid clip that formerly went to
. the second i.f. tube has not been used
yet, and this is connected to the grid of the
6L7, which is on the external chassis and which
becomes the substitute second if. tube by the
connections previously set forth. As has been
said, the control grids (No. 1) of 6L7 and 6]7

tubes in the noise amplifier are interconnected.

Shielding Precaution

The lead going from the grip clip of the
receiver to the grids of these two tubes in
the noise silencer should be of shielded wire,
with sheath grounded. Since the amplitude is
high at this point, all indirect pickup should be
carefully avoided, and it is advisable to use
shielded wire also on the interconnection be-
tween the two grids in the noise amplifier, and
ground this sheath, too, although a bit awkward.
A smooth bolt with threaded end may be se-
cured to the chassis, and a lug fastened to the
other and upper end of this perpendicular ad-
junct. The lug is soldered to the interconnecting
wire sheath.

Various trials of the noise silencer have
confirmed its effectiveness, but not its univer-
sality. The limitations have been set® forth,
both by Mr. Lamb and in this article

While the effect is present on all frequencies
of reception, it so happens that the type of
interference with which the noise silencer best
copes is present on bands that the amateurs
are interested in, particularly the bands rela-
tively free of natural static are sensitive to
certain motor and concomitant emanations, so
that where there should be bliss there is much
havoc, and the noise silencer brings a good
meed of benefit in these regions.

Benefits Are Widespread

Also, receptionists who tune in short waves

are in or close to the amateur bands, and in
general, short wave reception is attended by a
greater effect from machine gun static than is
the standard broadcast band. So the usefulness
of the silencer spreads to fields beyand those for
the benefit of which it was primarily intended.
Moreover, even the types of interference against
which the new silencer is not a complete bar-
rier are reduced somewhat, because a relative
effect is introduced, due to the curvature of
the cutoff.

6L7 Moves Into First Place

The new noise silencer also has another
advantage. It does not introduce modulation
distortion such as is present in customary
squelch circuits operating at audio frequencies.
This absence is due to the inherent capabilities
of the 6L7 tube, which for its signal control

Here the noise silencer is shown attached to a
receiver,

grid (No. 1) has a remote cutoff, and for its
other control grid (No. 3) has a sharp cutoff.

Hence a strong impulse may be fed into the
tube by way of Grid No. 1 without producing
any serious distortion, yet the action of a
properly biased Grid. No. 3, always maintained
negative respect to Grid No. 1, introduces sharp
control in an otherwise independent and high
mu circuit. The loading of Grid No. 3 may
be such as to leave the rest of the tube func-
tioning free of any bud influence from the sharp
cutoff grid. In this respect the 6L7 stands
alone, combining anomalous advantages of
smoothness and sharpness, both present only
where needed. For this and other reasons the
61;)7 stands out as the most important receiving
tube.

It is not necessary that the tube replaced by
the 6L7 through the plug connection shall be a
metal tube, indeed most of the devices have a
six pin plug, indicating glass tubes, but it is
necessary to use the 6L7, by substitution as
indicated. Even if the receiver has 2.5 volt
heater tubes, the separate heater supply for the
noise amplifier tubes enables the use of the
metal tubes that take 6.3 volts.

Two Makeshifts to Avoid

It iq not safe to take the heater voltage for
the noise amplier from a set that supplies such

(Continued on next page)
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voltage to the heaters of the tubes it contains,
as the two extra tubes may cause an increase
of current drain on the transformer winding
beyond what was intended, that is, the winding
would be overloaded, and the performance of
the receiver proper would be reduced. Nor is
it safe to take the B voltage for the noise
amplifier from some place other than the B
plus after the filter choke, because there may
be, and usually is, a series dropping resistor

a circuit breaker be

must be exercised to avoid shorting the line,
as the noise amplifier returns these are to one
side of the line, the receiver with which this
device is used may have chassis grounded, and
by connecting to the convenience outlet the
wrong way, and grounding the receiver chassis,
that is, picking up both sides of the line in that
manner, a short could be introduced. For uni-
versal use it is recommended therefore that
included in the noise

Another rear view of the noise silencer attachment.

The grid fead which connects both grid caps is seen

passing through a hole, whence it goes to the secondary of the second if. transformer in the receiver.

through which the additional and originally
unintended B current must flow, the extra B
drain reducing the B voltage on all tubes served
through this resistor, hence réducing the per-
formance of both receiver and noise amplifier.
If the B voltage is too great at B plus after
the filter choke, then a separate resistor, by-
passed at in the noise amplifier to ground, may
be introduced.

Avoid Line Shorting

The circuit has been shown for adaptation,
mostly, but it is practical to build it into a
receiver, as said, also to have it arranged with
its own B supply. If a universal circuit is to
be attempted, for the noise silencer, then care

amplifier, in series with its line feed, as a short
will open the relay, the silencer’s wall plug
next would be reversed as to connecticn, and
then, the reley now being closed, it will not
open, since the polarities are right and safe.

The front cover diagram shows the circuit
for the noise silencer that the Leeds photo-
graphs depict. The schematic accompanying the
article is for appreciation of the circuit at a
glance.

Connections and Adjustments
The circuit diagram on page 6 shows in

schematic form the noise silencer, with re-
turns to other cathodes of the main receiver.
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RFC—One 15 millihenry r.f. choke.

Cl, C3, C7—.1 mfd. 200 volt.
C2, C5—.1 mfd., 400 volt.

R1—50,000 ohms.
R2—400 ohms.
R3—100,000 ohms.

Constants for Front Cover Diagram

of Noise Silencer Circuit
Coils

T1—One transformer of same frequency as if. of the receiver.
Secondary center tapped and tightly coupled to primary.

Condensers

Resistors

[1f series heaters are used, connect one side of 6H6 to 333 ohm 30 watt line cord,
one side of 6L7 heater to line, and complete series connections through the 6J7 heater.]

Primary alone tuned.

C4—50 mmfd.
C6—.0001 mfd.

R4--5,000 ohm pot.
R5—25,000 ohms.
R6—600 ohms.

The external unit is supposed to be connected
to an existing receiver. Just how the con-
nections are to be made will be mentioned in
respect to this particular diagram, although
the general case has been tabulated.

At the extreme left of the diagram is the
legend “From First I. F. Amp.” As the trans-
former T2 is in the silencer, it is clear that the
terminal lead should be connected to the plate
of the first i. f. amplifier and also that the plate
should first be- disconnected from the interme-
diate transformer that follows it. Special at-
tention is called to the fact that it says “First
Amplifier.” Emphatically this doss not mean
the mixer. If there are not two stages of i f.
amplification the silencer will not work satis-
factorily, because the noise level is not great
enough to shut off the gain in the 6L7. Many
have made the mistake of connecting a silencer
to a small receiver in which there was not
enough amplification.

The control grid of the noise amplifier, which
in this case is a 6]J7, is connected to the control
grid of the 6L7 so that the input to the noise
amplifier is the same as that to the second i.f.
amplifier. In both the noise amplifier and the
regular i.f. amplifier there are, therefore, two
stages before the diode detector.

At the extreme right is a terminal marked
“To A. F. Amp.” This goes to the grid of the
first audio tube. Going leftward through con-
denser Cl4 we come to the potentiometer R4.
This is the regular manual volume control in
the receiver.

At the right of the lower 6H6 is a poten-
tiometer R24 which is labeled “Noise Thresh.
Adj.” This is adjusted until the squelching is
most effective, or to compromise between noise
and signal, since the greater the noise or sup-
pression of noise the lower the effective sensi-
tivity of the receiver.

Heater Connections

The connections of the heaters of the tubes
are not indicated. A good way of heating the
tubes pertaining to the noise silencer is to pro-
vide a separate 6.3 volt transformer for them.
Some units have been designed for plugging
into the socket of the second i.f. amplifier, but
this is not recommended, for reasons already
stated. If the heaters are connected in series
they should have an independent limiting re-
sistor,

Not in years has anything in radio created
such lively and healthy interest as has the new
noise silencer, and it is a pleasure to compliment
Mr. Lamb, and QST on this real accomplish-
ment.

ADVANTAGE OF FUNDAMENTALS

For a signal generator covering three bands,
intended to be 140 to 500 kc, 540 to 1,600 kc
and 1,400 to 5,000 kc, the third constituting
repetition of the first tier of a direct frequency
reading dial and multiplication of the readings
by 10, the dial itself is simplified.

All frequencies are read on fundamentals, the
advantage being that the generator can be set
to a particular frequency and the receiver can
be tuned to that frequency for response. Except
for this, frequencies higher than the highest
(above the 5,000 ke considered in this example)
may be measured by harmonics.

COMPARISON OF COILS

In the broadcast band solenoids and the like
are better than honeycomb coils. But if the
primaries have a great deal of inductance, while
the gain is high, the selectivity is low. There-
fore high impedance primaries are all right for
a small set, but a larger one, of which much
selectivity is expected, would not be as well
off with the high impedance primaries.
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Metal Tube

Speaker Set

REGENERATIVE ALL WAVE RECEIVER USES
6K7, 6F7, 6C5 AND 12A7

By Guy Stokely
Eilen Radio Company

ACASUAL glance at
the diagram of the
Eilen 6A short wave re-
ceiver, or at the receiver
itself, would indicate that
it is a four tube receiver.
And that is true if we
count only the number of
tube envelopes. If we
count functions we find
that there are actually six
tubes, because the 6F7
contains within the same
bulb a triode and a pen-
tode, and the 12A7 con-
tains a rectifier for the B
supply and also a power
pentode. The sensitivity
of this receiver, there-
fore, is much greater than
the four envelopes would
lead us to believe,

The first tube in the

circuit, which is a high
gain 6K7, is coupled di-
rectly to the antenna by
means of a 50,000 ohm
receiver, Thus there is
small danger of feedback
into the antenna and con-
sequent interference in
case the circuit should oscillate. The 6K7 feeds
into the plugin coil and this in turn feeds into
the control grid of the pentode section of the
6F7. The fact that the tuned circuit is put after
a tube and not after the antenna makes the cir-
cui not only more sensitive but alse much more
selective. Both of these qualities are greatly
enhanced by regeneration, which is controlled
by means of a 100,000 ohm potentiometer, R7.

Where Detection QOccurs

It will be noticed that in the lead to the pen-
tode grid (cap) are a stopping condenser and
grid leak, C2 and R3 respectively. Thus the
detection occurs in the pentode grid circuit.
This leaves the triode section of the tube as a
straight audio amplifier, resistance coupled to
the pentode,

Following the triode section of the 6F7 is a
6C5 metal tube, which is resistance coupled to
both the triode of the 6F7 and to the pentode
section of the 12A7, The voltage gain in the
6C5 is comparatively high for a tube that is

In a neat housing the circuit is arranged with controls at right.
Below the airplane dial is the knob actuating it. The two knobs on the
same plane are on a 100,000 ohm switched potentiometer as regenera-
tion control (left) and on a small parallel bandspread condenser. The

speaker grille is at left.

Five plug in coils are used.

rated as a general purpose tube. The gain in
the power pentode is also high. Therefore the
gain in the audio amplifier is great. Yet the
amplifier is stable,

The rectifier section of the 12A7 supplies
plenty of current and voltage for the five stages
in the circuit. The filtering of the B supply is
done by means of a small filter choke L1 and
two 8 mid., 200 volt electrolytic condensers C11.

The heaters of the various tubes are series
connected and the excess veoltage is dropped in
a line cord. Thus excess heat is kept out of the
receiver and is dissipated outside. This helps
to insure long and useful life to the electro-
lytic condensers.

5 Mfd. Bypass Condenser

Across the bias resistance R12 for the power
pentode is a 5 mfd,, 25 volt electrolytic con-
denser. Thus the power amplifier is well pro-
tected against degenerative effects on the lower
audio frequencies.

(Continued on nesxt page)
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The circuit as shown uses
two metal tubes, 6K7 and

6C5, and two glass tubes,
&F7 and 12A7 (rectifier-
pentode). The metal tubes
may be replaced by 6D6
and 76, by those who pre-
fer glass tubes throughout.
Results are excellent either
way. The circuit is for 90-

130 volt universal operation
{a.c. or dic.. also a.c. may
be of any commercial line

1]

frequency). See all-glass
tube layout, page 28.

A phone jack is provided in the plate circuit
of the 6CS5. At this stage there is just enough
power to operate the phones with comfortable
volume,

In the tuned circuit are two variable con-
densers, C3 and C4. The maximum capacity of
63 is .00014 mfd. and it is used for rough tuning.

The maximum capacity of C4 is only 14 mmjd.,
and this condenser is used for band spreading.

A magnetic speaker is used in the receiver.
This type is used so as to leave as much cur-
rent and voltage for the amplifier. Thus no
other tube is needed to supply the current for a
field coil.

LIST OF PARTS

Caoils

L1—Filter choke in B supply.
Five plug-in coils.

Condensers

Cl1, C6, C7—.01 mid. tubular.

C2, C5—.00025 mfd. mica.

C3—.00014 mid. tuning.

C4—.000015 mfd. band-spread.

C8, C9, C12—.01 mid. tubular.

C10—5 mid., 25 volt electrolytic.
C11—Dual 8 mid., 200 volt electrolytic.
C13—.006 mfid.

Resistors

R1—One 50,000 ohms.

R2—One 700 ohms.

R4, R6, R10—Three 150,000 ohms.
R3, R5—Two 2 meg.

R7—One 100,000 ohm pot.

R8—One 2,500 ohms.

RY, R11—Two .25 megohm.

R12—One 4,000 ohms.

R13—One 250 ohm line cord (for five 6.3 volt
heaters and 6.3 volt pilot lamp). .

Other Requirements

SW—Line switch (on R7).

K12—Pilot light.

One magnetic speaker.

J—Headphone jack.

Three grid clips (two large and one small).

One airplane dial.

Three knobs.

Sockets (two sevens, two eights, and one six).

One small metal chassis.

One cabinet.

Tubes: one 6K7, one 6F7, one 6C5 and one
12A7 (6D6 and 76 may replace metal tubes,
but socket connections of diagram then do

not apply).

STRONG
GENERATOR

.0001 M1d,76

ﬂ' §%

0001 Mfd.

Rﬁi _f?_A-/“-'

.08 f1fd.
OTatEL )

it

é *" Insulate from chassis

This 100 ke to 60 mgc. signai generator delivers a husky output.
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Interference in Supers

Analysis of Trouble Sources—Remedies Suggested

By J. E.

|Beats in superheterodynes, with & theoretical

discussion applying to the three radio frequency

levels, were discussed in last month’s issue by

the author, a specialist on the topic. This month

interference problems in a super are dissected.
—EDITOR.]

W HEN superheterodynes were first popu-
larized, the intermediate frequency was
low in order to get a high order of amplification
with stability of the circuit. The development
of new tubes and the invention of stabilizing de-
vices have now made it possible to use a high
intermedate frequency without any loss in ampli-
fication or stability.

It should be remembered that the intermediate
ifrequency amplifier and filter accepts the in-
termediate frequency to which it has been tuned
regardless of the source of the intermediate
frequency. A signal having the proper f{re-
quency will pass through if it comes directly
from a station operated on this frequency just
as well as if it comes from the interaction of two
higher frequencies. It will come through also
if it is produced by the beating of any two fre-
quencies, for example, the harmonics of the
carrier frequency and the oscillator frequency,
or by the beating of the fundamental of one and
any harmonic of the other. There is an infinite
number of ways in which the proper intermedi-
ate frequency can be produced.

Number of Combinations

The number of possible combinations which
will yield the intermediate frequency can be il-
lustrated effectively by the aid of symbols. Let
S be the frequency of the carrier and let m be
a whole number expressing any of its har-
monics. Likewise let H be the oscillator fre-
quency and n the number of any of its har-

FIG. 1

These drawings illustrate 4
the production of extra re- i
sponses in a superhetero- \

dyne which are due to har- .
monics. The secondary \
repeat point P, at right is \
caused by

second har- 5\
monics and corresponds to p
an oscillator frequency of

Anderson

monics. Either m or » may have any value
from unity to infinity, just so it is a whole
number. ‘Then mS will be the frequency of the
mth harmonic of $ and nH will be that of the
nth harmonic of H. If these harmonics beat in
a modulator, and if they are so related that
ms—nH =1f, or so that nH —mS=f, we
have the proper condition for producing the in-
termediate frequency acceptable to the filter.
Here f is used for the intermediate frequency
for simplicity and H and S are used for the
radio frequencies for the same reason,

The Normal Case

Now m and » can have any values whatso-
ever as long as they are integral, and therefore
it is clear that there is an infinite number of
possibilities, When m=n=1 we have the
two fundamentals beating to produce the in-
termediate frequency. This is the normal case
in most superheterodynes, and it is clear that
there are two possible adjustments of the oscil-
lator when m and n are equal to unity. Every
superheterodyne, whether it is called “one-spot”
or not, has these two adjustments of the oscil-
lator at which a given signal can come in.
Theoretically, a true “one-spot” superhetero-
dyne is not possible; practically it can be ap-
proached. The meaning that can be attached
to the term “one-spot” will be discussed later.

Since m and » in the above formulas can be
assigned any integral values whatsoever, it is
clear that for any signal, or value of S, there
is an infinite number of points on the oscillator
dial at which that signal will come in, at least
theoretically. Practically the number may be
quite limited.

Suppose the oscillator dial has been calibrated
in frequency so that H not only represents the
oscillator frequency but also the dial setting.
Let us rewrite the equations given above as the

P

Resronse

S+ /2 when S is the sig-

h

.‘
: j‘IT ]

nal fundamental S+ is
the oscillator setting that
gives the main peak P,.

s /lsf’
* (s-;/é;) 3-/91(5.1) .

Osciaror Diae  Sereing
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conditions for the production of the intermedi-
ate frequency in the forms H = (mS—f)/n
and H = (mS <4 f)/n. Assume that S is fixed,
or that we are considering a single carrier fre-
quency. Also assume that f is fixed by the
tuning of the filter. Both m and # can vary in
any manner just so they remain whole numbers.

Under these conditions, the value obtained
for H, no matter what the values of m and #n,
is a possible setting of the oscillator that will
bring in the signal carried by S. Not all, how-
ever, will be within the tuning range of the
oscillator condenser, and those that are off will
not cause any trouble. Moreover, not all will
be of sufficient intensity to cause appreciable
interference. The values obtained when m and
n are large will be weak.

We saw that when the two harmonic numbers
were unity we have the normal two points at
which a given signal comes in on the super-
heterodyne. Suppose m=n=2. The two
second harmonics are beating, and these give
rise to two points on the dial at which the

FlG. 2
Image interference. At A
the oscillator frequency is
half way between two car-
riers, S and S’ so S f
=8 —f, where f is the
intermediate frequency,
Zero beat would result be-
tween the two intermedi-

signal have a frequency of 1,200 kc. Substitut-
ing these values in the above formulas we ob-
tain two values for H, namely, H =575 and
H =625 kc. Both are within the tuning range
of the oscillator when this has the same induc-
tance and capacity as the radio frequency tuner.
Frequencies much lower than 1,200 kc could
not be received on the second harmonic settings,
but all higher could.

When the intermediate frequency is higher
and when the oscillator has been designed to
receive on only one setting not many broadcast
stations can be received on the second harmonic.
FFor example, if the intermediate frequency is
400 kc the lowest frequency of the oscillator is
930 kc. If these values be substituted in the
formulas and we solve for S we get 5= 2,300
and §=1,500 kc. One of these is above the
tuning range of the oscillator and the other is
slightly below. Hence the 1,500 kc frequency
is one of few that can be received on the sec-
ond harmonic, and this on only one of the pos-
sible settings. Thus it would appear that 400

ate carriers, but not be-
tween the two sets of side- S
bands. At B, S+4-f and ~
' § differ slightly and a

squeal results,

same signal comes in. If we let m=n=3,
we get two additional points. If we take higher
integral values, we get two points at which the
same signal comes in for every value, Since
there is no limit to the whole numbers, there
is no limit to the number of points at which the
signal comes in.

Interference Analyzed

There is a definite limit, however, to the place
on the dial where they can come in. They all
lie between the two normal points determined
by letting the two harmonic numbers, m and %,
equal unity. As the harmonic numbers increase
the location of the repeat points converges on
the dial where the carrier S would tune in.

Even in a superheterodyne in which the oscil-
lator can be set independently of the radio fre-
quency tuner many of the high frequency broad-
cast channels can be tuned in on the second
harmonic. Let us illustrate by assigning values
to our symbols. In the first place m equals
unity and # equals 2. Hence our formulas be-
come H=(S5—f)/2 and H= (S+f)/?,
which give the two settings for bringing in
signal S. Now let the intermediate frequency
be 50,000 cycles per second and let the desired

SHJ/S‘-"
s
A

S S« Sf S SHSE S S

B

ke or somewhat higher is a suitable intermediate
frequency from this point of view.

Second Harmonic

If we make the intermediate frequency 200
ke the oscillator range should be from 730 to
1,800 kc. Putting 200 and 730 in formulas
for f and H respectively and solving for S, we
get 1,300 and 1,700 kc. Thus we can receive all
stations above 1,300 kc on the second harmonic,
provided that the oscillator can be tuned inde-
pendently of the radio frequency tuner. Such
separate control of the oscillator passed out of
vogue, except for ultra frequency receivers.

The second harmonic of the oscillator is not
important enough to exert any influence on the
choice of the intermediate frequency. The sub-
ject was brought up simply to explain the ap-
pearance of certain repeat points. If the circuit
has been designed properly repeat points will
not cause any interference even if a station
could be received with some intensity on the sec-
ond harmonic,

Sometimes a certain signal can be received
at two points close together as illustrated in

(Continued on next page)
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kig. 1. The main point may be at P; and
the other at Ps. The height of Ps; is much
exaggerated as compared with that of P.. The
second maximum, Ps, is due to the second har-
monics of both the signal and the oscillator and
corresponds with § — /2 in Fig. 1, when
S—f is the main setting. S+ f/2 gives
another maximum corresponding to S +- f, but
this is usually weaker because S + f is weaker.

These secondary maxima are sometimes con-
fused with similar responses due to close coup-
ling between two tuned circuits in the filter, be-
cause when two tuned circuits are coupled very
closely the response has nearly the shape of the
curve in Fig. 1. In some circuits the lower
maximum, as P,, may be due to the combined
effect of the two.

Image Interference

If the intermediate frequency is high, the
coupling between the oscillator and the modu-
lator loose, and the radio frequency tuner is
reasonably sharp, there is no reason for worry-
ing about the multiplicity of repeat points indi-
cated. The receiver in modern practice is ar-
ranged mechanically so that only one of the
normal settings of the oscillator is utilized,
without fear that the many repeat points will
cause interference, by condenser ganging.

The most perplexing problem that arises in
connection with the design of superheterodynes
is that of minimizing the socalled image inter-
ference. This type of interference is peculiar to
the superheterodyne and arises from the fact
that a signal of any given frequency comes in at
two normal settings of the oscillator, namely,
that at which the oscillator frequency is greater
than the signal frequency by the amount of the
intermediate frequency and that at which the
oscillator frequency is less than the signal fre-
quency by the same amount. For example, if
the signal frequency is § and the intermediate
frequency is f, then if the oscillator is set at
either 4 f or $—#, the signal comes through
the filter, because in either case the frequency
f acceptable to the filter is produced with the
signal carrier S,

Now suppose there is another signal carrier
of frequency S’ which has not been tuned out
completely at the modulator. This wil] likewise
come through if the oscillator is set at either
S'4f or at &' —f, for again the frequency f
acceptable to the filter is produced in the modu-

lator. Now if the two signal frequencies are
related so that §+4 2f =5, that is to say, so
that S+ f=38'—j, the two signals S and &'
will get through at the same setting of the
oscillator, Interference results unless one of
the carriers has been tuned out completely be-
fore it gets to the modulator.

How Word "Image" Arises

The use of the term image to describe the
interference is due to the fact that the two
normal settings of the oscillator are symmetri-
cally located in the frequency scale about the
signal carrier frequency, just as the image and
object are symmetrically located with respect
to a plane mirror. For example, let S, Fig. 3,
be a plane mirror and let some object be lo-
cated at S+ f. The image of this object will
appear to be located at S—f, the image and
object distances being equal. Now suppose
there is another plane mirror S”, parallel to the
first and located a distance 2f to the right of
S. Let there be another object at the point
S"+ f to the right of S’. Since the object dis-
tances are the same for the two mirrors, and
the mirrors are a distance 2f apart, it is clear
that the image in the second mirror appears to
be in the same position as the object in front
of the first mirror. That is to say, the image
S'—f coincides with the object S+f. Of
course there is no real coincidence for the image
is virtual, not real.

In the electrical case, however, there is real
coincidence, for real beat frequencies are pro-
duced both with S and S’ when the oscillator
is set half way between.

In most instances the intermediate frequency
of the filter is such that the image of one fre-
quency does not exactly coincide with the ob-
ject of the other, for this can only happen when
the intermediate frequency is an integral multi-
ple of the spacing of broadcast channels,
which is usually 10 kilocycles. Even if the in-
termediate frequency is nominally an integral
multiple of this spacing, say 50 kilocycles, the
freq;xency may actually be 49 kilocycles, for ex-
ample.

Minimization of Image

The only practical method of minimizing
image interference is to tune out the carrier
of the undesired signal before it reaches the
modulator. That means that the radio fre-
quency tuner ahead of the modulator must be

FiG. 3
Clashing of sidebands of
the two carriers S and S’
when the oscillator is near-

a ; b , .: ly half way between, or at
I : : H. The subcarriers are f
H 8 : : and §, e:fronino left, Lho
H : ' - Y2 region of clashing side-
BEREE - S bands is ab.
X S H s’
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very selective. Ordinarily, a single radio fre-
quency tuner is not sufficient to suppress the un-
wanted carrier to the point where image in-
terference is not a nuisance. The higher the
intermediate frequency the less need the pre-
modulator selectivity be for a given suppres-
sion of any signal which might cause image in-
terference.

The intensity of the squeal is proportional to
the intensities of the two sub-carriers f and f'
and these in turn are proportional to the in-
tensities of the two carriers S and S’ at the
modulator. If the radio frequency tuner ahead
of the modulator is so sharp that when it is
set for the frequency S, the suppression of S
is practically complete, the sub-carrier fre-
quency f will be so weak that the audio beat
between f and f* will not be of audible intensity.
But if S’ is not thoroughly suppressed, f' will
have considerable intensity. Yet the beat pro-
duced between f and f' may be so feeble that
it cannot be heard except during moments when
the signal carrier S is unmodulated, that is,
when no sound impinges on the microphone as-
sociated with S.

If the heights of the vertical lines erected at
S and §" in Fig. 3 represent the intensities
of the two signals at the modulator, the case
represented is that when both are equal. The
radio frequency tuner must suppress one of
these, say S’, so that its intensity could be
;‘ppresented by only a dot above the horizontal
ine,

Case of Sidebands

So far we have considered only the beats be-
tween the two sub-carriers f and f. But each
of these is associated with two sidebands ex-
tending about 10,000 cycles above and below
each sub-carrier. It is clear that when the sub-
carriers themselves are so close together that
they produce an audible beat the sidebands will
overlap. The frequencies in one group would
beat with those in the other. These beats, how-
ever, would not be sustained like the beats be-
tween the two sub-carriers, since any given note
that impinges on either microphone is not sus-
tained. If one of these notes were sustained
for a moment, it is not likely that a sustained
note from the other microphone would be
sounded at the same time. But just the same,
there is room for much clashing and momentary
beating.

It is easy to imagine what would occur if the
two interfering signals were equal at the modu-
lator and the oscillator were set so that both
came through. The result would be about the
same as if two orchestras were playing dif-
ferent selections in the same room, the one giv-
ing no attention to the other. Indeed, the re-
sult would be much worse, for the heterodyne
squeal and many other beat frequencies would
be present which would not be there if the or-
chestras were playing in the same room.

Clashing of Sidebands

Fig. 3 illustrates image interference and the
clashing of sidebands. S is the desired carrier

and S’ that of the interfering signal. The oscil-
lator setting is represented by H, the value of
which is such that the beat f is that of the
intermediate frequency filter. H also produces
a beat frequency f with S§’. These two beat
frequencies are placed lower down the fre
quency scale to the left in approximately their
proper relation. The squeal heard in the loud-
speaker is represented by the distance f' —f.
The short dotted lines symmetrically placed
about §' are the outside limits of the sidebands
of f, and the short solid lines about f are the
outside limits of the sidebands of f. The region
of clashing of sidebands is ab.

Very Low LF.

For illustration let S’ =1,000,000 and
S§ = 900,000 cycles per second. Also let the in-
termediate frequency f be 47,500 cycles per sec-
ond Then H=S+f=8 —f =947,500.
Since the difference between S’ and S is
100,000 cycles and f is 47,500, ' is 52,500 cycles.
The squeal between f and f* will be 5,000 cycles.

As the oscillator dial is turned, the point H
moves and both f and f change in value, and so
does the squeal produced by the beating be-
tween the two sub-carriers. The volume of
sound from either signal also changes, the max-
imum occurring when a sub-carrier is equal
to the frequency to which the filter is tuned.

When the intermediate frequency is very low,
for example, 30,000 cycles per second, the radio
frequency tuner has to be exceptionally selective
in order that a signal carrier causing image in-
terference may be tuned out effectively. For
example, suppose the two signals are 1,500 and
1,440 kilocycles and the second of these is de-
sired without any interference from the first.
When the oscillator is set at 1,470 kc both sig-
nals will come through the filter unless one of
them has been tuned out completely before it
reaches the modulator. If we wish to receive

(Continued on next page)

RESPONSE

FREQUENCY 3

-y

FIG. 4

Curves showing the difference between the trans-
mission characteristic of a simple tuner (solid line)
and of a band pass filter (dotted line}.
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(Continued from preceding page)

the 1,440 kc signal we tune the radio frequency
circuit to this frequency.

Need for Preselection

But the other signal is only 60 kc away, and
therefore it requires a high selectivity to cut it
out. Even in many ordinary receivers the
1,500 kc signal would interfere considerably
with the desired signal.

In a superheterodyne the interference from
the beating of the two subcarriers would be
much more severe than the direct interference
between the two signals in the ordinary re-
ceiver. Hence the selectivity in the radio fre-
quency level would have to be greater in order
to reduce the squeal to a value below audi-
bility. This is taken care of by adequate pre-
selection.

This is one reason for not using a low inter-
mediate frequency. Another reason we have
already stated, namely, that if the IF is low
the selectivity of the filter is likely to be too
great. There are other reasons, For example,
if the intermediate frequency is low it is difficult
to separate it from the audio frequencies in the
plate circuit of the detector by means of the
usual bypass condenser and radio frequency
choke. If the intermediate carrier is suppressed
thoroughly by these devices, the higher audio
frequencies are also suppressed. The effect of
this is the same as excessive selectivity in the
tuned filter, namely absence of high notes and
excessive bass in the loudspeaker. Music would
lack brilliancy, speech would be muffled, and
consonants would be indistinguishable.  Still
another reason for avoiding a low intermediate
frequency is the tendency of the oscillator
frequency to be pulled over to the natural
frequency of the radio frequency tuner.

As the intermediate frequency is increased
these difficulties become less and less important.
Suppose, for example, we use an intermediate
frequency of 200 kc. If now we want to receive
a signal on 1,440 kc the oscillator can be set at
1,640 or 1,240 kc. The 1,500 kc signal will no
longer interfere. There are two possible sig-
nals which could interfere, namely, 1,840 and
1,040 kilocycles. Each one of these differs from
the frequency of the desired signal by 400 ke,
twice the value of the intermediate frequency.
It does not require a very selective circuit to
tune out a signal differing by such a high
value.

Effect of Ganging

It is also relatively simple to separate in the
plate circuit of the detector by means of r.f.
chokes and bypass condensers a frequency of
200 kc from one of 10 kc without appreciably
suppressing the lower frequency. Also with a
200 kc difference between the tuned circuits
there will be no tendency for the two to “pull
together.” The selectivity in the if. level need
not be so great that it would suppress the side-
bands, because the r.f. selectivity is effectively
much greater.

It is possible to use a still higher intermedi-
ate frequency, and, indeed, some circuits have
been built with a frequency as high as 515 kc.

When the higher frequency setting is used the
oscillator is designed so that the range is from
530 4 f to 1,600 4+ f, in which f is the inter-
mediate frequency employed. Therefore if f
equals 400 kc, the frequency range of the oscil-
lator is from 930 kc to 2,000 kc.

It is clear that if the oscillator can be ad-
justed independently of the radio frequency
tuner, some of the broadcast stations can be re-
ceived on both settings even when it has been
designed to receive on only one. For example,
suppose the intermediate frequency is 400 kc.
The lowest frequency of the oscillator is 930 ke,
as we found above. Since 1,330 — 400 equals
930 kc, it is clear that any station having a
frequency of 1,330 kc or higher can be received
on the lower setting as well as on the higher.

When a superheterodyne is designed to re-
ceive on the higher oscillator setting only, the
tuning mechanism is usually arranged so that
only one setting is possible and so that the
oscillator is set at this automatically when the
radio frequency tuner is set for the signal car-
rier. A superheterodyne so arranged is usually
called a “one-spot,” but as we have found above,
a true “one-spot” is not possible. Arranging
the tuning mechanism in any’ way does not alter
the electrical features of the circuit; it merely
makes it impossible to select one of the points.
If there should happen to be image interference
on the only available setting, that would be un-
fortunate. But, as we have emphasized, when
the intermediate frequency is high and the pre-
modulator tuner is selective, there is little likeli-
hood that the image interference will be of
nuisance intensity.

Prices Are Reduced
On Nine Metal Tubes

Following are former and present reduced list
prices on metal tubes:

Reduction
Old New Amt.  Per Ct.
SZ4 $2.00 $160...... 40...... 20
6A8 2.00 1.75...... 25...... 1214
6C5 1.50 125...... 25...... 1624
6F5 1.75 125...... S50, 2814
6F6 1.75 1.50...... 25...... 14
6H6 1.50 1.25...... 25...... 1624
6J7 1.75 160...... A5, 8.6
6K7 1.75 1.50...... 25,0, 14
6L7 2.00 1.75...... 25...... 1214
6Q7 2.00 200...... 0...... 0
6X5 1.75 1.75...... 0...... 0

PURCHASE LOAN PLAN EXTENDED

The Supreme Instruments Corporation,
Greenwood, Miss., announces four new labora-
tory models applicable to purchase by Govern-
ment loan through the Federal Housing Act.
The new line includes the 385 automatic analy-
zer-tube tester, the 339 deluxe analyzer, the 89
deluxe tube tester and the 189 signal generator.
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The hands are those of O. B. Hanson, chief engineer, National Broadcasting Company, and what they
hold is the micro wave transmitter he designed, using an acorn tube and batteries.

ASMALL micro wave transmitter for broad-
casting has been developed by O. B. Han-
son, chief engineer of the National Broadcast-
ing Company. Distances up to four miles were
attained by the midget “radio station,” which
can be held in the palm of the hand. The de-
vice operates at one meter and below. It is
not intended for broadcasts direct to listeners’
radio sets, but for use with a microphone at any
point of origin, to send to the main station and
thus extend the scope of pickup for networks.

The unit enables announcers to circulate at will
among large assemblages for broadcasting or to
feed z public address system from the floor.

The set is a three-inch cube, with two ten
inch rods as antenna. It transmits at a power
of two-tenths of a watt.

B current is fed to the midget set by a 90
volt battery. The A and B battery unit weighs
less than 4 pounds, the transmitter less than a
pound.

Circuit is standard, layout unusual.
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High Super

Performance

Considerations for Establishing Superiority

By Brunsten Brunn

N a superheterodyne the first

that of the station, the sccond that of the
local oscillator.  The two frequencies must dif-
fer by the intermediate frequency.

When the oscillator condenser ;s mounted on
the same coutrol as the radio frequency tuning
condenser it is necessary that the plates of the
condenser of the oscillator have a special shape
so that the generated frequency at any setting
nay exceed by the correct aniount the frequency
to which the other circuits are tuned, or that a
series padding condenser be used, except for
very short waves. For example, if the inter-
mediate frequency is 200 ke the oscillator must
liave a frequency of 730 ke when the radio fre-
quency tuners are set at 530 ke and it must
have a frequency of 1,800 ke when the radio
[requency tuners are set at 1,600 ke. No mat-
ter to what frequency the circnit may be tuned,
the oscillator must be set 200 ke higher. Since
this constant difference must be maintained it
is clear that the rates of change of capacity in
the circuits must be different, for the radio fre-
quency tuners change from 530 to 1,600 ke while
the oscillator changes from 730 to 1,800 ke. In
one case the ratio of the extreme frequencies
is 3.2 and in the other it is only 2.46. The
corresponding ratios of capacity are the squares
of the frequency ratios.

frequency is

Special Exception Noted

There is one exception, and that is when all
the condensers involved are accurately of the
straight line frequency type, for then it is only
necessary to displace the oscillator condenser
with respect to the other condensers by an
amount corresponding to the intermediate f{re-
quency. This frequency difference will be majn-
tained throughout the range, since the varia-
tion of capacity in all the condensers maintains
the frequency proportional to the displacement.
If this is to succeed, the distributed capacity in
each circuit must have been taken into account
when designing the straight line frequency
condensers.

When the oscillator condenser is put on the
same control as the other tuning condensers it
is not practical that the inductances in all the
circuits be the same. It is only necessary that
the product LC, of the inductance and the ca-
pacity in the radio frequency circuits, be larger
than the corresponding product in the oscillator
circuit by the amount which determines the in-
termediate frequency. There are many different
combinations possible, but to get the best com-
bination in any case requires considerable cal-
culation. The constants should be chosen so
that the desired frequency band covers as much
of the dial as possible, For example, when the

dial is set at one extreme the circuit should be
tuned to 530 ke, and when at the other extreme
it shouid be tuned to 1,600 ke, if the broadceast
band is desired,

This  adjustment is effected by
tioning the minimum capacity in cach
to the variable portion of the capacity,

propor-
circuit

High Intermediate Frequency

Ii the intermediate frequency is high, say over
400 ke, it is not necessary that the premodulator
sclectivity be very great. Two moderately
selective radio frequency circuits, with one
amplifier between them, “should be enough in
any broadcast receiver. This, however, sup-
poses that a relatively smiall antenna, or that
loose coupling between the antenna and the first
tuner, be used. If a long anteuna closely coupled
to the first tuner be used, the selectivity will not
be high enough. If loose coupling results in
weak signals, it is much better to boost them by
adding another stage of intermediate frequency
amplification than by employing close coupling.

The selectivity in the radio frequency level
must be relied on to suppress any image inter-
ference and that in the intermediate frequency
level to suppress carriers which differ less than
twice the intermediate frequency from the de-
sired carrier.

The sensitivity of the superheterodyne largely
depends on the intermediate frequency amplifier.
for by far the greater amplification is obtained
in this section of the receiver. The number of
stages that should be used in this amplifier de-
pends on the amplification that is required and
the type of tubes used. \When screen grid tubes
are employed it is doubtful that more than two
i. f. stages can be utilized advantageously.

Amplifiers may be constructed with either
battery type or a.c. tubes, according to the type
of current that is available. There is little dii-
ference between the two, although the a.c.
screen grid tubes now available give a slightly
greater amplification than the battery type screen
erid tubes.

The 10 Kc Multiple

Many writers on the superheterodyne have
advocated the use of an intermediate frequency
which is not an exact multiple of 10 ke, but
one which is an odd multiple of 5 ke, on the
ground that such a frequency would result in
less squealing and less image interference, There
is now justification for this. There will be
squealing and interference regardless of the in-
termediate frequency, unless the interfering car-
rier is tuned out before it reaches the modulator,
subject to the conditions which have been dis-
cussed already.



March, 1936 RADIO

WORLD 21

‘e

N7 #
; /

e

= EXTRA
/|SPEAKERS

ZMORE FUN OUT OF LIFE FOR THE USER,
MORE PROFITS FOR THE SERVICE MAN

By M. N. Beitman

Allied Radio Company

HE new profitable field of installing addi

tional extra speakers is open to all service-
men and experimenters. While it is generally
known that magnetic speakers may be connected
with ease to almost any radio, this possibility
has not been commercialized to any great ex-
tent.

For example, most homes have only one
radio, naturally retained in one room of the
house. To hear radio programs in other sec-
tions of the house this radio set must be played
at volume levels that prove nerve-wracking to
all close to the radio and annoys neighbors duc
to loudness.

Other Applications

Another extensive application of extra
speakers is found in schools where it may be
desired to serve more than one room with radio
programs from a single radio set. Many mod-
ern radios are sufficiently powerful satisfacto-
rily to operate up to a dozen additional exten-
sion speakers with excellent volume.

During the summer season many persons find
it desirable to place an extension speaker on
their porch or in their garden. This applica-
tion alone offers unlimited opportunities.

Extension speakers may also be used for
advertising purposes. Store owners quickly
realize that an outside speaker mounted above
the door will attract the attention of passersby
and bring in extra trade.

Standard Connection Methods

Additional speakers for various applications
may be connected to practically any radio set
simply and inexpensively.

Any good quality magnetic speaker is suitable
for use as an extension speaker. For best
results the speaker is coupled to the radio power
tube or tubes in the following conventional
manner.

In sets using a single power tube, a lead is
brought out from the plate prong of the power
tube through a .1 mfd. paper condenser.

The return lead of the loudspeaker is con-
nected directly to the chassis of the radio set.
Where two tubes are used in push pull in the
output stage, extra reproducer is connected

T

[
i 1
T G 5 K|
POWER TUBE ‘ DS

+!8

MAGNETIC

| 500000

.llnlr

Q@ Switches

ilow to connect other speakers to a set with single

output tube, applicable also to sets with parallel

and push pull output tubes. If push pull output is

present the same speakers as shown above may be

used, connected as set forth in the text. The switch

connection to the upper 50,000 ohms is meant to
be continuous.

through .1 mfd. condensers to the two plates of
the power tubes.

These simple methods of connecting addi-
tional speakers, while satisfactory for many
ordinary requirements, do not provide for shut-
ting off either the main or the extension
speaker, or for varying the volume of the ex-
tension speaker.

How to Include Switches

By incorporating a simple single pole switch
in the extension speaker lead, and one switch
in the voice coil circuit of the main speaker,
cither or both speakers may be operated at will.

The volume of the extra speaker may be
controlled by means of a 50,000 ohm potentiome-
ter in a voltage divider circuit. These two
added refinements are illustrated in the dia-
gram showing the final stage of a radio set
equipped with two extra speakers.

Servicemen and others engaged in radio
work are strongly urged to take advantage
of the money-making opportunities that lie in
the installation of extra speakers. Almost
everyone realizes the advantages offered by
extension speakers and is a likely prospect for
such an installation.
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Accuracy in a Tube Voltmeter
Two Range Instrument for R.M.S. Values

By Herman Bernard
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Tube voltmeter, two ranges, for .5 to .4.8 and 2.8

to 7 volts, rm.s. The two curves shown elsewhere
were produced from this rig.

CALIBRATED vacuum tube voltmeter

may be constructed following the diagram
herewith. If a low range a.c. voltmeter is at
hand, one may calibrate the change in plate
current in terms of 0-1 d.c. milliampere read-
ings, against the a.c. input voltages. The 60
cycle line frequency may be used. The cali-
bration will hold satisfactorily for very much
higher frequencies, including radio frequencies,
possibly to above 20 mc.

The meter is M. The a.c. input volts are
expressed in terms of d.c. plate current. The
calibration is not direct reading, since the actual
plate current is read, and this must be related
to the a.c. input volts. A chart is made up,
wherein the milliampere readings are the ab-
scissas, and the causing a.c. input volts are the
ordinates. Unless one is prepared to protract
his own scale and replace the one on the meter,
the chart will have to be consulted for actual
a. c. values when the tube voltmeter is used for
measurements.

One Range .5 to 4.8 A.C. Volts

The basis on which the present small device
exists is that filament voltage is applied to the
tube from a No. 6 dry cell (1.5 volts), and a
rheostat of 15 ohms is put in the positive leg
of the filament. This will be used for one of
two adjustments. From negative A to plate the
45 volts of B battery are connected, the meter
in series, while the grid is negatively biased
4.5 volts minimum, or given a second and higher
bias, by switching. Use of 4.5 negative bias on
the 30 tube, with 45 plate volts, yields full scale
deflection for 4.8 a.c. input volts, 7.5 minimum.

A high resistance between grid and grid
return assures that the negative bias is present
the moment the set is turned on, to protect the
meter. If the leak were absent the rig would
permit zero bias and the plate current would
greatly exceed 1 milliampere, perhaps bend the
meter needle. The minimum bias is selected as
4.5 volts because then, with 45 plate volts, the
plate current will be not too near zero. It is
not advisable to use the system so that the plate
current is seemingly cut off, as then there is
no positive assurance that the same reference
or starting point is established each time, since
still more and more negative bias will not
move the needle below zero. Hence a definite
starting point slightly past zero is selected. The
stated voltage apportionment takes care of that,
for 50 microamperes represents .5 volt a.c. in-
put. Changes below 50 mca are too crowded on
the meter for reference value.

Selection of Tube

A good 30 tube must be used, otherwise the
plate current will be too low or, for a “second”
tube, probably much too high, due to gas. Also,
the B batteries should be fresh.

On account of the rheostat adjustment the
calibration does not depend exclusively on the
terminal voltages, but the adjuster is set so
that when the switch is at the 4.5 volts nega-
tive bias position the zero a.c. input value co-
incides with 25 microamperes. This is midway
between zero and the first division out of 20
on many 0-1 milliammeters, or may be deter-
mined by dividing the total number of divisions
into the full scale current (1,000 microam-
peres), the result being the number of micro-
amperes per division. Then 25 microamperes
may be read at an even bar or estimated closely
enough if that value falls between two bars.

How Rectification Arises

The object, as stated, is to have a definite
starting point, and the rheostat permits return
to that starting point, with minimum disturb-
ance of the rest of the circuit. The rectifying
curve of the tube remains practically the same
for a very long time, hence the circuit is ad-
justed to permit repetition of reference to that
curve despite some changes in terminal volt-
age.

Since the plate current is not far from zero,
the negative alternation of the input cycle is
suppressed for a.c. input volts of .5 volt up.
The changes of voltage that affect the grid are
then from zero axis to positive values and back
to zero again, with negative repetition skipped,
and a return to the positive cycle. This is not
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only rectification, but it comprises in operation
a peak voltmeter, or crest voltmeter. What
the plate milliammeter reflects is the peak value
of the a.c. voltage.

The device therefore may be used for approxi-
mate percentage modulation measurement, the
percentage modulation being computed from the
formula 100 D/c, where D is the difference
between the two voltages read, with and with-
out modulation, and ¢ is the voltage read with-
out modulation. Therefore in radio practice
c would represent the carrier without modula-
tion.

R.M.S. and Peak Voltages

Although literally the circuit performs as a
peak voltmeter, that does not mean that the
calibration must be in peak volts. There are
two usual terms for expressing a.c. voltages,
and these are peak and root mean square
values. The peaks are the highest voltages or
measurement of the crest of the wave, since
in a.c. the voltage is not constant but varies

from zero to maximum positive, declines to
zero, then drops below the zero axis to nega-
tive values, reaching maximum negative, and
returning to zero to begin the positive ascension
again. 1f a large number of points on the result-
ant curve is taken, and the values squared, and
these squared terms added, and then the square
root of this sum extracted, we have the root
mean square value of the voltage, the one most
commonly used. R.m.s. applies in all a.c. volt-
meter practice unless the contrary is stated,
when the words “peak” or “crest” appear some-
where on the instrument face. If we use an
r.m.s. voltmeter for input calibration, the curve
is for r.m.s. Peak values are computable, equal-
ling 1.41 times the r.m.s. values.

Calibration Without A.C.
If direct current voltage is applied to the grid
then the calibration may be made without re-
sort to a.c. by applying the following factors for

bias of 7.5 d.c. maximum, answers being in
y.m.s. (Continued on next page)
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theostat adjusted so that at no a.c. input the

current reading is 25 microamperes in the plate leg of a 30 tube. The values on the perpendicular
plane (a.c. volts) are called the ordinates, and those on the horizontal (microamperes} are called the
abscissas. Root mean square volts are given. The circuit used was the one diagramed on preceding page.
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(Continued from preceding page)

Plate Multiply D.C. Grid
Microamperes Bias By

.7667
100 7667
200 .6833
300 .7500
400 ,7500
500 7500
600 .7566
700 .7500
800 .7166
900 .7250
1000 .7667

If we have an r.m. s, voltmeter we may con-
nect low voltage a.c. to the voltmeter, and
across the input to the rig, and by using dif-
ferent values of low voltage, get the plate meter
readings, and draw the curve relating the two,
as was done in the tests that produced the curves
herewith. .
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a switch is thrown, because with possibilities
of measuring larger voltages the peril of intro-
ducing them when the tube voltmeter is not
set for such low sensitivity is greatly increased,
due to human nature, thus imperiling the plate
meter.

The course then would be to apply the un-
known a. c. voltage when the rig is in its
safety position, and decrease the bias by switch-
ing, to the lower range, until a deflection is
noticed on the meter. The protection could be
applied by having a spring attached to the bias
switch to hold the switch in the protective
position, especially if there are to be only two
positions, when commercial toggle switches that
perform the service may be used.

A calibration run for the 7.5 volt negative
bias, plate voltage unchanged, showed 2.8 volts
r. m. s. input made 50 microamperes flow in
the meter, and 7 volts r. m. s. produced full
scale deflection.
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One way to check the 0.1 milliammeter.

R is the resistance required to create full scale deflection

when E is applied, and for E = 45 volts up, is in ohms 1,000 times the voltage applied. Establishing
numerous such equal resistors in series allows calibration in step of 1/n R, where n is the number of
resistors. Case of four resistors is illustrated

One way to calibrate, then, would be to use
a low resistance potentiometer (say, 2,000
ohms) across a 5 volt winding of a power
transformer, one side of meter and also grid
to sliding arm, other side of meter, and wind-
ing, to grid return. Then by moving the arm
the voltage may be changed from maximum
(which may be around 6 volts, on account of
small load on the secondary) to zero. If the
a.c. voltmeter used draws much current, as
nonrectifier types are likely to do, the voltage
will be lower than for small load. Anyway, the
meter will tell the true voltage. Somewhat
more than 1 milliampere could flow without grid
current being drawn, but care should be exer-
cised not to put in excessive a.c. voltage.

The low voltage range is the valuable one,
since the instrument is to be used mostly for
measuring radio frequencies at points where
the voltage is seldom more than a few volts,
and even in local oscillators of superheterodyne
receivers may not exceed the range of the
present rig. If larger values than 5 volts r. m.
s. are to be measured, more biasing voltage is
used, and in the diagram the addition of 3
volts, to constitute 7.5 volts of negative bias-
ing, is shown.

Meter Accuracy

It would be preferable for multiple ranges to
have the rig so made that the maximum bias
is present, to protect the tube and meter, unless

Those who would build the simple rig, and
who will not have the facilities for calibration,
would no doubt like to know to what extent
they may rely on the curves. The batteries, the
tube, the rheostat leak, and the meter are at
hand, then the only question is, will the curves
hold?

Since they are based on the tube char-
acteristic the curves in themselves are reli-
able, even when the voltages at the terminals
are a bit off, as the scheme was to rely
strongly on the tube, and institute conditions
that allowed for compensation until the cur-
rent flowing was 25 microamperes for the 4.5
volt negative bias example, at no a. c. input.
No extra adjustment is needed for the 7.5 volt
negative bias condition, as the first setting, for
the 4.5 volt negative bias condition suffices.
The second adjustment, mentioned previously,
is simply setting the meter needle exactly to -
zero when there is no current through the meter.

Perhaps a serious deviation will be due to
meter inaccuracy if one depends on the pub-
lished curves. The manufacturer’s guarantee
of accuracy of 2 per cent. for a 0-1 milliam-
meter refers to full scale deflection only. At
lower currents the accuracy may be less.

As a test, a string of five 0-1 milliam-
meters, all of different manufacture, all high
grade, was used, and all squared off nicely at
1 milliampere, but deviation began to set in
even at .9 ma (900 mca). Therefore a preci-
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sion type plate meter, costing some sixty dol-
lars, was used in the calibration, and so far
as any meter is substituted for a precision type,
the accuracy may not be better than 6 per cent,
where one depends solely on the curves.

The inaccuracy due to the meter you may
use will be rather around the middle of the
curve, since at the full scale the meter will be
as guaranteed, whereas the minimum utilized
current, whatever it is, reads 50 microamperes,
and so the rig is tied down at two points, like
a superheterodyne, with no control over the
middle, also like a superheterodyne.

The possessor of the meter may use the ac-
curacy of full scale deflection of that very
meter to note the deviation for smaller currents.
Since a 45 volt B battery is at hand, the re-
sistance neceded to attain full scale deflection
when only battery, meter and resistor are in
series, is 45,000 ohms. So use a 30,000 or 40,-
000 ohm fixed resistor, and a 10,000 to 20,000
ohm variable, in series, and adjust until the
meter reads exactly full scale.

Making Meter Semi-Precision

Then make up another resistance network of
the same type, then another, then another, etc.
When the second is added to the first the cur-
rent is halved, and is 500 microamperes, no mat-
ter what it reads on the meter; when the third
is added the current is one-third, or 333 micro-
amperes, and when the fourth is added the cur-
rent is 250 microamperes.

By inserting a measured resistance of 900,000
ohms, the correct setting for the 50 micro-
ampere tiedown point will be established, and
enough points can be obtained to run a curve
that relates meter readings to actual cur-
rent through the meter. Then the two curves
illustrating this article may be used reliably.
Also the meter has been made semi-precision as
to service, because the true currents to 2%
may be determined from a curve relating meter
readings to real current.

Another way is to set up the circuit of the
tube voltmeter, for 4.5 volts negative bias, and
connect a potentiometer of around 2,000 ohms
across the 5 volt winding of a filament or power

p
il
.05 Meg. up E

transforiner. Then get four equal high resis-
tors, .1 meg or more each, and two equal re-
sistors cach half the value of the others. Say
that the resistors consisted of five of .1 meg.
and two of .05 meg. Connect the resistor net-
work, with the two smaller resistors at and
next to the same end, to the tube voltmeter
input. Adjust the potentiometer until full scale
deflection is obtained, and call that 4.8 volts
r. m. s. Then connect the tube voltmeter grid
to the joint between the two equal “half” re-
sistors. This is equal to .5 volt and should
read 50 mca.

Use for the Network

Each of the larger resistors represents one
fifth of the total voltage, cach of the smaller
ones one-tenth.

Now connect the VIVM input to the next
joint, equals .95 volts approximately, and cur-
rent through the meter is 100 microamperes;
at next step, it is 1.9 volts, or 280 microamperes;
next, 2.85 volts, 500 mca; next, 3.8 volts, 720
mca; finally again 4.8 volts, 1,000 mca.

If a calibration is made, using any particular
plate meter, there is no need for accuracy in
that meter, since the a. c. input voltage is
compared to what the meter rcads, and if the
current isn’t what the scale discloses, never-
theless the scale indication reflects the a. c.
input volts accurately. This applies only to
use of the same plate meter in later mea-
surements.

Those who have a rectifier type instrument
naturally have a low voltage scale available and
may use that, plotting for measured r. m. s.
input although the accuracy will be no greater
than that of the a. c. meter itself, which is us-
ually 5 per cent, again meaning full scale
deflection.

Checking Rectifier Type Meter

The rectifier type meter has the rectiﬁer,
and that represents a resistance at the particu-
lar frequency, the meter alone having some
resistance too, yet both are considered together
if series resistance is added to maintain full
scale deflection when the voltage is doubled.

(Continued on next page)

The same biasing battery to be used permanently may be connected as shown at left, voltmeter V

reading the d.c. bias. The r.m.s. value of input is a factor of the d.c. reading.

factors.

See page 28 for

At right, calibration with an r.m.s. voltmeter of any type is illustrated. The primary is

meant to be continuous.
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Take the 2. 5. volt center tapped winding of a
power or filament transformer, and measure the
voltage from tap to one side and tap to the other
side. If they measure just the same, then the
tap is at center and voltage from tap to one
side is introduced to rectifier and meter through
a series of 2,000 ohm rheostat carefully set at
full resistance. Reduce the rheostat resistance
slowly until meter reads full scale. Measure the
external d. c. resistance,

Formula for Unknown

Now use the full five volts, center tap
ignored, starting with rheostat at full resistance,
and reduce resistance until deflection is again
maximum. The rectifier and meter together
have a resistance equal to half the value of the
larger resistance externally applied, minus the
smaller  resistor externally applied, so
Rx = (Rmax/2) — R min, where Rmax is the
larger external resistor and R min the smaller
external resistor.

Now the meter and rectifier sum resistance
is known, and allowance made for it as if
it were a series resistance, so that when the
resistance network is set up as before, the re-
sistors are calculated to be equal, say nine of
them, the extra tenth comprising two half value
resistors, and then the meter is checked by the
knowledge the standard (full scale) current is
reduced to 900, 800, 700, 600, 500, 400, 300, 200,
150 and 100 microamperes at the various posi-
tions below maximum. If the rectifier type
meter requires a shunt for total 1 ma flow,
the shunt may be present or absent without
affecting the result, because full scale is the
criterion and the actual current does not mat-
ter, only the proportion. The shunt when in
service for measurements made by the meter
will not affect the proportion.

Reasons for the Leak

The tube voltmeter diagram shows the in-
clusion of a leak of 5 meg. The value was
made that high so that there would be mini-
mum loading effect on the measured circuit.
However, there will be some tiny current flow-

Romin

>0

"7 Must read egqual
! voltapes. Quantity

P

Immaterial.
—-2.5 volt W/'ﬂdinp.

Divide Mu Into Ep
to Obtain Cutoff Bias

The plate voltage on the tube voltmeter is
45 volts. The mu of the tube is 9.3. Therefore
the plate current is too low to read on the
meter—cut off,” as the saying is—at 45/9.3
or 4.84 volts negative bias. The 4.5 volt value
is the nearest cell potential multiple and there-
fore was selected for minimum bias.

Incidentally, the plate current change per volt
bias change may be noted from some position
on either curve. Take the 5-volt curve. At 3
volts r.m.s. the current is 510 mca, at 4 volts
it 1s 760, difference 250, which is the mutal
conductance in micromhos. This conductance,
Gm, is equal in mhos to the plate current change
in amperes per volt change on the grid, hence
in micromhos is equal to the current change in
microamperes per volt change on the grid.
Between 1 and 2 volts the same test shows 175
micromhos for Gm, which therefore is different
over various parts of a tube’s characteristic
curve.

ing in this resistor when measuring, hence the
tube voltmeter is not of the non-current draw-
ing type, although the tube grid circuit proper
does not draw any current, on account of the
high negative bias, and the limitation of a. c.
input volts to values that do not run the grid
positive, when it ‘would draw current.

One reason for the leak is to make sure that
the negative bias is applied to the tube right
away, for if the grid were open there would
be no bias, or erratic bias characteristic of
floating grid, and depending somewhat on sur-
rounding objects if in close proximity. With
no intentional bias the plate current would run
high enough to endanger the milliammeter.

Another reason for the leak is that some cir-
cuits to be connected to the tube voltmeter for
measurement likely would not have d. c. con-
tinuity, hence the external circuit to be mea-
sured could not be depended on for applica-
tion of the bias through that circuit’s d. c. con-
tinuity.

Rma

How to ascertain what is really the impedance of the copper oxide or other rectifier Z, in a universal

meter. Series meter-rectifier circuit is connected across half of a 2.5 volt c.t. winding, R min. reduced

from 2,000 ohms maximum until current is full scale. Then larger R max. alone in series for use of full

winding, R max, adjusted to full scale current. Then Z=(R max./2}—R and is treated as pure resistance
Rx. The meter resistance is included automatically in Rx because always present.
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For instance, if the output of a tuner is to be
measured, where there is a detector plate load
and stopping condenser, the condenser prevents
the continuity of a d. c. circuit, and would
leave the tube voltmeter input open to that
extent.

Avoiding Current Draw

Nevertheless it is recognized that some will
desire to use the tube voltmeter under condi-
tions where no current whatever is drawn by
the measuring device from the circuit to be
measured, for in some few instances that re-
quirement should be fulfilled, as when measuring
a. v. c. voltage. There may be a diode load
resistance of 1 meg. or more, especially more
when counting the filter resistors in the grid
return circuits of controlled tubes, and then
the tube voltmeter would draw about one-sixth
of the total current under the best conditions,
and in some special instances much more. This
would cause the measurements to be erroneous
to a large degree.

b 4
¥ s

To use the instrument as a non-current-draw-
ing device requires some precautions, though
they are simple. The first is to determine
whether the circuit to be measured assures
d. c. continuity. For low resistance circuits, a
few hundred ohms d. c. resistance or so, the
milliammeter itself may be used, since if ter-
minals are brought out the meter may be put
across the circuit to be measured and if there is
d. c. continuity the needle will deflect down-
ward a little.

Check on Continuity

Of course an ohmmeter always may be used,
especially one that includes sensible deflections
for high resistances, of the order of 1 meg.
It is not imperative to know the d. c. resistance
of the circuit to be measured, only that con-
tinuity exists.

So the tube voltmeter is connected to the
circuit to be measured, and a switch put be-
tween the grid leak and the grid, previously

(Continued on next page)

Calibration of the tube voltmeter circuit for 7.5 volts negative bias. This calibration and the other

were made with precision r.m.s. voltmeter and precision 0-1 milliammeter.

D.c. may be used for in-

put and any 0-1 milliammeter for independent calibration. See text.



28 RADIO WORLD

March, 1936

(Continued from preceding page)
closed, is opened, as it is known that the load
will establish the continuity requisite for ap-
plying the d. c. bias. If this switch is sprung,
so as to remain closed until held open mo-
mentarily, danger to the instrument is mini-
mized. This switch would be additional to
what is shown in the schematic diagram.

The 4.5 volt negative bias is minimum, as
less would cause too much plate current to
flow, a peril to the meter and killing too much
of the scale. The minimum condition permits
use of 80 per cent. of the 0-1 milliammeter
scale, starting at 50 microamperes, and going
to full scale, 1,000 microamperes.

More than one value of higher negative bias
may be used. This diagram shows 1.5 volts
added, total 7.5 volts, for the second value.
This was done because there are biasing bat-
teries of 7.5 volts that also afford a 4.5 volt
tap, but the overlap is admittedly large, 2.3
volts. This may be useful, however, for mea-
surements from 3 to 4.8 volts r. m. s., because
they may be made at one bias position then at
the other, and the two results averaged. The
accuracy of a tube voltmeter is not usually as
good as that of high grade electro-mechanical
instruments, but methods of improving ac-
curacy are discussed in the text and may be
followed safely.

LAYOUT FOR GLASS TUBE REGENERATOR

A buffer, a regenerative detector and two audio stages, with rectifier, are used, as in the set described
on pages 12 and 13, for which this serves as layout also. The 76 and Db are used above in place
of 6C5 and 6K7.
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Output of Battery Sets
Single 33 Compared to Class B 19 or 49's
By Leonard W. Allenby

S g
= AL _C

The total filament drain of this battery operated tuned radio frequency set, with single 33 output

tube. is .44 ampere. The negative filaments are at left, the positive filaments at right. Terminals at
extreme right are: B plus No. 2, 135 volts; B plus No. 1, 67.5 volts; plain 2 is A plus, while A minus is
directly above. C plus is connected to A minus, and the line marked C represents minus 3 volts.

T IIE power output of battery operated re-
ceivers, using a single 33 pentode, a single
19 or two 49's, has been measured, and the re-
sults show that the 33 is considerably behind
the two others. In general, the 19, which con-
sists of two tubes in one envelope, worked Class
B, gives greater output for the same distortion
level, than the 49’s in the same class of service,
for large or small outputs.

Certain limits were selected, within the
capabilities of the three methods, so that for the
single 33, Class A, an output of .8 watt was
selected, the total harmonic distortion then being
8.5 per cent., the root mean square input vol-
tage, 500 cycles, 10 volts.

The 19 in Class B service allowed 1.85 watts
output, 8 per cent. distortion, 6.5 volts r.m.s.
input.

The 49’s in Class B provided 1.58 watt out-
put, 6.5 per cent. total distortion, 6.7 volts
r.m.s. input.

33 Superior at Low Volume

Since these factors concern large output, the
19 provides about 20 per cent. greater output
than the 49's at about the same distortion level,
although the third harmonic distortion is most
of the 19’s total.

When it comes to low volume levels, how-
ever, as is to be expected from the nature of
Class B, the showing is better for Class A, that
is, the 33, where .25 watt, 4.4 volts r.m.s. input,

compares to .18 watt for the 19, with 15 volts
r.m.s. input, and .12 watt for the 49’s, 1.5 volts
r.m.s. input, all for 2.25 per cent. total harmonic
distortion.

What makes the single tube attractive, there-
fore, is that if one is content with small power
output, the quality is better. From the econom-
ical viewpoint, also, if a 2B5 tube is used as de-
tector and driver, the 2B5’s triode may be re-
sistance coupled to the pentode output tube. The
filament current for 1B5, 30 driver and 19 is
380 milliamperes, for 1BS, 30 and two 49’s is
360 millianperes, and for 1BS and 33, 320
milliamperes. When economy of operation is
imperative, considering the filament drain, these
facts must be borne in mind.

New Amplifier Tubes

Of course other tubes will be required in a
receiver. In the first diagram is shown the
schematic circuit for a tuned radio frequency
set, using a three gang condenser, two 34's
as r.f. amplifiers, 1BS as detector-driver, and
33 as output tube, total drain .44 ampere. The
filament voltage in all instances is 2 volts.

The two other diagrams represent super-
leterodynes, the same as except for the output
tubes. The triode of the 1B5 feeds the 30
driver, which works into the 4%s in one in-
stance, and into the 19 in the other. The 1A4

(Continued on next page)



30

RADIO WORLD

March, 1936

1Cé

.00017 Hfd.

Eight tube superheterodyne for battery operation, with 49's in Class B output.

(Continued from preceding page)
rf. and if. amplifier tubes are a new type,
smaller than the 34 and of more extended cut-
off.

If pilot lamps are used, of course their cur-
rent drain is to be added to that of the tube
filaments. There is a 60 milliampere 2 volt
pilot lamp for this service, thus equalling the
minimum drain of any of the 2 volt tubes.

Directions for Winding the Coils

The radio frequency coils are for condensers
of nominal .00035 mfd. capacity, using 253 mi-
crohenries inductance, to take care of the new
low frequency of 530 kc nicely. For the oscil-
lator a smaller inductance is required, to match
the r.f. coils when a series padding capacity is
used, adjustable from 600-1,000 mmfd. The
actual value required is nearer 1,000 mmfd.
(.001 mfd.) The oscillator inductance is 202
microhenries, This applies only for 175 kc
intermediate frequency, which is preferable to
higher if. for a set that covers just the broad-
cast band.

The r.{. coil secondary is wound of 130 turns
of No. 32 enamel wire, on 1 inch diameter tub-
ing. Holes through which the beginning and
end of the winding are to go are drilled
134 inches apart. The wire is soldered to a
lug after being passed from outside to inside of
form for the purpose, and then tight winding
is pursued, until near 125 turns are put on. I
the turns are wound with careful tightness there
will be extra space left before reaching the end
hole for threading than the five extra turns ac-
tually require, but the remaining turns are put
on in spaced fashion, not necessarily with sharp
regularity, to make the winding occupy the pre-
scribed space. In this way the total axial
length of the winding is maintained constant,
coil for coil, so that all three r.f. coils will
have closely similar inductance, despite varia-
tions possible in the diameter of the wire itself.

Primary Over Secondary

A turn of wrapping paper, Empire cloth or
other such insulating material is put over the
secondary near the bottom of the winding,
which will be the ground terminal, and then 25
turns of similar wire, even of finer diameter,
are put on, over the secondary.

The oscillator coil consists of 110 turns of
No. 32 enamel wire for the secondary, wound
between holes drilled 14 inches apart, the same
process of tight winding being followed here,
too, until 100 turns are put on, the last ten
being spaced to fill in the remaining distance,
so that if coils are to be wound for more than
one receiver, all oscillator secondary induc-
tances will be alike. The tickler or primary
has the same type of insulation as the r.f. coil,
in the same position, but the tickler consists of
20 turns of any wire equal or similar to the
wire used on the secondary.

Shielding the Coils

It is intended that the coils be put in alumi-
num or copper shields of not less than 2 inches
inside diameter, and in locating the coils, not
only space them equally from the inside walls
of the shield, but also about equally from top
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BATTERY AUDIO OUTPUT TABLE

P.O. T.HD. RM.JS.
Single 33 Class A g 850 100

5.00 7.0

25 225 44

19 Class B ....... 185  8.0* 6.5
36 5.0% 2.0

18 225 1.5

49 Class B ....... 158  6.50 6.7
3 5.00 2.5

N VA 1.5

P.O.=Power Output in Watts.

T.H.D.=Total Harmonic Distortion in
Per Cent.

R.M.S.—A. C. input volts, 500 cycles,
r.m.s. values.

* Mostly third harmonic.

and bottom of the shield, even if the bottem is
open when you are winding the coil. It will
be at least partly closed when the shielded coil
is put on a chassis. In other words, center the
coil in the shield in two directions.

A thin application of coil dope is to be made
in each coil. Allowed to dry before the coil
is wired in any circuit.

The oscillator capacity at minimum should
be larger than the r.f. capacity for the oscilla-
tor inductance specified, so turn down the oscil-
lator parallel trimmer more than the r.f. trim-
mer. Directions for lining up superheterodynes
were printed in the January, 1936, issue, pages
45, 46 and 47.

15WattLafayette Amplifier,
124 DB Gain, Small Housing

A high-gain, low-cost public address ampli-
fier, available in metal and glass tube models,
is offered by Lafayette Radio Manufacturing
Co., Inc., of New York City. Amplification of
124 decibels in a unit measuring only 9%4” by
164" by 9%” high makes use of a pre-ampli-
fier unnecessary even when using a microphone
of the lowest output level now commercially
available.

Eight tubes are used. The 6F6’s are output
of the metal tube model 251-A. A glass-tube
model, 247--A, is also available, 42's as output.

Input impedances are high; output imped-
ances are from .7 to 15 ohms, 250 and 500
ohms.

Output is 15 watts to a 500 ohm line, fre-
quency response reported as three decibels be-
tween 50 and 10,000 c.p.s., harmonic content
at maximum output, 6%. Hum level is 45 db
below sound output, and power consumption
from a. c. line is 90 watts.

The amplifier is distributed exclusively by
Wholesale Radio Service Co., Inc., of New
York, Chicago, Atlanta, and Newark, N. J.

The same circuit as that of the other superheterodyne, with a 19 tube as Class B output.
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A. J. Haynes' Latest Circuit

A 2w to 555 Meter Receiver, the R-S-R

IT COMBINES REGENERATION AND
SUPER-REGENERATION — FULLEST
PARTICULARS ON CONSTRUCTION

By A. J. Haynes '

The waves below |15 meters
are worked super-regenera-
tively. The detector is the
glass triode, shown in blue-
print and in schematic dia-
gram as a 76, but at left
as a 37, as the two tubes
are interchangeable as to
service in this receiver and
socket accommodation. The
phone jack, applicable to
all bands, is shown at rear.
The twin assembly provides
the antenna-ground posts.

THE R-S-R Receiver was designed for the
all wave enthusiast and experimenter to
enable him to have the entire active radio fre-
quency spectrum literally at his fingertips. Be-
side the increasing activity on the 5 and 10
meter bands, more than two dozen of the new
socalled “Apex Class” stations have been li-
censed for experimental broadcasting on wave-
lengths between 5 and 10 meters. Their un-
official designation as “Apex” stations is due
to the fact that they are all strategically lo-
cated on the tops of the highest buildings in
our metropolitan centers.

With a receiver that can slide smoothly over
all of these ultra-high frequencies there are
surprises and thrills galore for even the blasé
old time “dial twister.”

Circuit Discussed

The R-S-R employs a combination regenera-
tive and waper-regenerative circuit. A radio
frequency buffer tube and electron coupled re-
generative detector are used on wave lengths
from 558 down to 15 meters with a simple but
efficient band switching coil arrangement which
eliminates plug-in coils over this range.

On the ultra high frequencies simple band
switching is not practical and straight regen-
eration becomes too critical. Thus, from 15
meters down (down meaning to well below
2% meters, the low limit depending on the

particnlar tube used and the care exercised
in the wiring) super-regeneration is utilized
with small self supporting plug-in coils.

The regenerative circuit is probably the most
important as well as the most interesting cir-
cuit ever developed in radio. It is also the
most abused. A poorly designed and con-
structed regenerative receiver can be just as
pesky and useless as any other bad set and
perhaps a bit worse. On the other hand, given
a fair location and adequate antenna, a good
regenerative receiver can deliver excellent long
distance reception with a minimum of noise.

It is a peculiarity of this circuit that its effi-
ciency is not as dependant upon the quality of
the parts used in it as upon the circuit design
and arrangement; though the L/C ratio should
be large, the proper detector tube impedence
screen voltage is provided.

For fine distance work very smooth and ac-
curate rcgenerative control is not only of the
greatest importance, but is an absolute neces-
sity. In the early 1920’s when this type of
circuit was the only one we had, a receiver
with “sticky” regenerative control or “fringe
howl”—so common today—would not be
tolerated.

Dual Regeneration Control

In designing the R-S-R every effort was
made to obtain the smoothest and most stable
(Continued on page 37)
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GO  FROM THE 2M0 GK7 GRID CAP ’“ ORD FgR
.00014 TUNING  CONDENSER ‘STATOR 110 V., A.Con D.C.

BOTTOM VIEW OF CHASSIS. )
@

The wiring as seen from the bottom is illustrated. above the coil switch unit, hence not visible.
Numbers for units not desngna‘l’ed represent mfd. The rotor (frame) is grounded to chassis. The
The tuning condenser is on top of the chassis, stator connects to the semi-variable .0001 mfd.

condenser. See notation, upper left. The regen-
eration-super-regeneration switch is numbered:

| (1) = common; (2) = 15-555 meters; (3) = ultras.
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KITS, PARTS AND SUPPLIES

AT LESS
THAN

DEALERS NET PRICES!

Electrophons TADA PHONO AND P.A. AMPLIFIERS AT LOWEST PRICES
Portable Electric 3 Band Suﬁer_heterodyne ,
ith Hi- 6 Tube. niversal AC
AC Motor wit or DC. Uses 1—6A7, 2
Impedance Audak —6D6, 1—75, 1—43, 1-
Pickup, in leather- 2525, 1Automatic volume ’
control, 3 gang con
ette case 12X12x'8- denser, tone control,
General Electric dula‘l) ratio vernier dial
3 . calibrated in meters
Motor with Spe,ed and kilocycles. Covers 2
regulator and 10-in. 19-55, 200-550, 1000-2000 ‘ POWERTOT S TUBE ARELIFIER
plate. Built-in Traeicast " bond" e uses 57-2A5-80 to deliver full 4 watts, : R O A Ao a1
-ol 1 d ca an pius manual tone and volume controls. In- cavy Lo
volume control an long wave weather re- put connections on front panel. Idea! CEL pusnualiRVoIime a"dk tone ﬁoz‘ms}\
switch. Can be attached to anv set port band. Beautiful for home record reproduction P.A. {:MbES'CAN bEL M‘:CR,%;”O'INE U5°5d252’0 °a'"{' ]5';"":"‘ ‘EH: :emul-
o . . mahogany cabinet 18 in. high, 8 in. deep and and communication work. Complete o " ™ rea e e of Cournoses. ¢ ' x 6"
Needs no transformer. Shipg, wt. 24 Ibs i Ay ¢ 35 bs 5 4 in black trackle case with Role 6 per button. A real sensitive titude of purposes, Size: 9 x7
- €, PR. W s.; large dynamic spkr. [ eaker and I mike, Dependable and rugged. Shipping weight., 12 Ibs.
om ynamic speaker tubes. Overall pping 9
ays an records. 13.50 | come b RCA SRR ) Gl Complete with weighted stand and Comalotely wired 6.9
plete with cords & needle By . omplete with A tubes.. Woioht. 18 Ibs. For A"c”? 10.95 springs. Shipping weight, & 19 1 o o e $1.21
Universal Operation, AC-DC. 8 Ibs. (0" high........ ° g'e' o ku e(st $2.29
i G 1 Electri Uses 2525-43+666 ..... ... . 11.95 Shielded cable 4c per ft. sporker fo matel- o
General Electric eneral klectric
Battery Set. Compact AC Battery Charger—
3 tube portablein metal 5 ampere hour charging
e cabinet. Sensitive an'l rate. Uses new GE mao
— selective. A fine toned cury charger bulh. New
| set for economical oper steering column attach-
ation. Works on 3 45v. ment simplifies charging
’ B batts. and 6-volt A your car battery. Auto
al ;;pp}y.ssUseg 1—718(i 1— nmtica}llly tapers as bat-
— 1ze in. tery charges. Metal con INPUT MIXER BOX. B!
. R . ack crys- AUDAK PICKUPS, Model No. 100
| 110"!, 6V1Bln hlghﬁS 12 tainer with handle. Shpg tallized finish metal case cuntainiyny Hi.impedance unit feeds direct to
€ep ronze nis wt. 15 1bs. mike, transformer, battery and volume grid. No matching transformers
Shpg. wt. 15 lbs. Complete with GE 9 45 ;l::‘t(:‘opl %Lusmﬂlkt:r. S:tl'eicto; swi:ch for needed‘. Freguency ressl;:gnsq covers en-
. B 9 . . ike. connec er. ti { . ppin
Complete with RCA tubes, less mbatteries 9.95 bulb and wires * manently. Shipping weight, 8 ':brs. w't:ieum.ong I'I-Ias"ne ‘‘‘‘‘‘‘ ?'»'.»?
Complete with cord and battery BLUE FLYER MOTOR. An out-
Real Value ?v;{/all size: 8’ x 57 349 sta:ldinu ggluel in Al:;,1 pho‘nontragg
o = “ . Real Value 0B L ox 3 e - motors.  Single speed set af
Hl-Fldellty Black Oven-Baked Scratch-Proof r.p.m. Starts and stops by switch.
16 Watt Amplifier. Pure Class A Finish and Full Size Protecting . ‘"'::“I'a’,’,' tlyge S":I"“" Complete
20-watt peak, less than 2db vari- Screen, completely enclosing tuhes :(Iﬂﬂh' ,g“ﬁ, ieping 1 89
ation from 20-14,000 cycles. Tubes and transformer. Sizc 12 in. wide, N lable in  25-eyel q
are 1—83V, 1—5/, 1—56, 2—2B6’s Y in. high and 8 in. deep. Pilot =) par\ir:éa e in -eycle  a
83V. rectifier delivers voltages light indicator on chassis. Shpg .
only when tubes are warm. Man wt., 30 Ibs. Speaker field 1000 ochms 82" MAGNETIC SPEAKER—
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(Continued from page 32)
regenerative control possible. To this end two
regenerative controls are provided. One, the
main control, limits the r.f. feedback to the
grid circuit, while the other changes the de-
tector tube impedance by varying the screen
and plate voltage and gives a very gradual
vernier regenerative control. The latter also
acts as a volume control, when it is retarded
more than half way, limiting the input to the
power output tube on strong signals.

Band switching, eliminating the nuisance of
plug-in coils, can be made very simple and
efficient, particularly in a regenerative circuit,
down to about 15 meters. By using five bands,
with separate coils, the range can be covered
with a low maximum capacity tuning con-
denser, thus giving reasonable good electrical
bandspread. Then an airplane type dial with
a 9 to 1 tuning ratio adds sufficient mechanical
bandspread to give precise non-critical tuning.

For sensitivity and consistent results below
15 meters it is hard to beat a good super-
regenerative receiver. Single control tuning

a.c. or de. Until some of the new “universal”
superheterodynes were developed this type of
power supply had a bad reputation because it
will give fair results with even a poor filter
systein and many of the cheap sets used it in
this manner to reduce cost. The R-S-R re-
ceiver has been designed with an entirely ade-
quate power filter, using a 60 mfd. condenser
block and with average tubes and conditions
the hum level is well below that of most good
commercial receivers, even when regeneration
is at maximum. This applies to earphones as
well as to loudspeaker reception and is an im-
portant feature because most experienced radio
experimenters prefer to use earphones for fine
work and ’'phones are particularly recommended
for the ultra-high frequencies. For this reason
a phone jack is provided at the back of the
R-S-R chassis and when phones are plugged in
the speaker is entirely silent.

Metal or Metal Glass Tubes

The R-S-R has been designed to use the new
octal metal tube sockets which will permit the

The bottom view as pre-
sented herewith occupies
the same relative position
as does the blueprint. The
five coils are wound on
three forms, covering 555
to |5 meters. Above the
15 mmfd. tuning condenser
(center, behind long shaft
and coupling) would be
two pin jacks for the
coils used from 15 to 2l
meters. These jacks are
seen protruding through
the bottom just below the
rear of the small tuning
condenser.

allows these ultra high frequency stations to
be logged with absolute accuracy. The particu-
lar circuit which has been used in the R-S-R
is sensitive and absolutely stable over its whole
range. It is brought into use merely by turn-
ing the small switch knob directly below the
speaker. .

The entire super-regenerative tuner 1s
mounted on a hard rubber sub-base panel with
exceedingly short leads. Plain, two contact,
coils are used for all frequencies below 15
meters and simply plugged into the two pin-
jacks on the sub-panel. As the maximum
capacity is only 15 mmfd., good electrical band-
spread is attained down to the very lowest
wavelengths.

\When using super-regeneration, hiss control
is obtained with the same 50,000 ohm potenti-
ometer that provides vernier regeneration con-
trol on the longer wavelengths (located at
lower right of panel). This permits the most
sensitive “super” adjustment, minimizes radia-
tion, and lets the hiss level be reduced to the
vanishing point.

Built-in Power Supply
The R-S-R can be used on either 110 volts

use of either metal or metal-glass tubes. Both
types of tubes provide the simple, effective
shielding which is a merit of the new tubes and
both give equally good results.

The only exception is the super-regenerative
detector, which uses a glass 37 or 76 tube.
The first model of the R-S-R used a 6C5 metal
tube in this position and it performed perfectly
down to 3 or 4 meters but it happened to offer
no advantage over the glass tubes, as shielding
is not needed here, and the glass tubes, with
their lower output capacities, will go on down
to well below 214 meters.

The Buffer Stage

A 6K7 triple grid super-control tube is used
as an untuned buffer, or r.f. amplifier, ahead
of the regenerative detector. The main pur-
pose of this tube is to stabilize the detector
and allow its full regenerative gain to be
utilized on all frequencies. It does more than
this, however, as it shows a real r.f. gain,
particularly on the short wave stations where
the coupling has been designed to be most
effective.

(Continued on next page)
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The results obtained from an untuned buffer
stage of this type depend on several factors
such as the mechanical layout, wiring, tube

used, etc. But the most important factor of
all is the coupling arrangement between the
buffer tube and the regenerative detector. In

the first place this should be adjustable, over
a reasonable range, to compensate for various
tubes, antennas, etc. This also allows the se-
lectivity of the receiver to be broadened or
sharpened as desired. This adjustment is ac-

complished in the R-S-R by a semi-variable
100 mmfd. mica condenser.

The rest of the r.f. coupling consists of a
specially wound plate choke of rather low value.
For some reason it seems to be an accepted
custom to use a 2.5 millihenry choke here;
perhaps because they can be conveniently pur-
chased anywhere. Such a value gives splendid
r.f. gain at the standard broadcast frequencies
—so good in fact that the set cannot be used
on an average antenna without hearing most
of the local stations all over the broadcast band
and often on the short wave bands as well.
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The five coils for 15-555

meters are above the MG-25Z5, a bit
for 5 and 10 meter reception are indicated. Actuall
All coil data are found in the text. The second &6K7's
designation. On the picture diagram a notation ref

y 15 to 21,
grid leak may be 2 to 3 meg. Above 2 meg. is the
ers to 3 meg. Performance is not affected within

to the left. The plug-in coils principally
meters are covered by the plug-in coils.

these resistance limits.

LIST OF PARTS

Caoils

One set of ultra wave plug-in coils \see text).

One sgt of tapped coils, 15 to 555 1neters (see
text).

One 175 microhenry radio frequency choke

Two 25 microhenry radio frequency chokes

One detector plate audio frequency choke

One audio output transformer

One B supply choke

One loudspeaker with 3,000 ohm field

Condensers

One 15 mmifd. variable
One .0001 mfd. semi-variable

(compression type)
One .00014 mfd. variable

One .0001 mid. One .0005 mfid.
One .00025 mid. One .01 mid.
Two .002 mid. One .05 mfd.
One .004 mfid. Four .1 mid.

One block of three electrolytic condensers con-
taining one 10 and two 25 mfd. units

Resistors
One 300 ohm One 1 meg.
One 600 ohm, 1 watt One 2,000 ohm rheo-
One .1 meg. stat

One 10,000 ohm
One 25,000 ohm
Two .5 mfd. meg.
One 2 to 3 meg. (shown as 2 meg. on schematic,
referred to as 3 meg. on blueprint).

Other Requirements

Four octal sockets
One five contact socket
Two small grid clips
One line switch (may be attached to potenti-
ometer)
One two pole five position gang switch
One single circuit closed jack
One a.c. cable with line cord (153 ohm, 30w.)
built in, male plug.
One single pole double throw switch
One Bakelite platform with tip packs for ultra
wave coils
One airplane dial with escutcheon
One 0-100 plate for ultra wave tuning
One large bar handle for ultra wave tuning
Three knobs
Two MG-6K7, one 76 or 37, one MG-43 and
one MG-25Z5. (All-metal tubes may re-
place metal-glass types with no circuit
change.)

One 50,000 ohm pot.
One 153 ohm, 30w.
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So the R-S-R was designed primarily as
a short wave receiver; a value was chosen
for this coupling choke which would place the
maximum gain on the short waves and allow
only a reasonable gain with good selectivity on
the standard broadcast band.

Super-Control Detector Tube

A 6K7, the same type tube as is used in
the buffer stage, is used as a detector. The
6J7, which is usually recommended for a de-
tector, also may be used as detector and is
interchangeable with the 6K7, but the 6K7 gives
a little smoother regeneration and better sta-
bility on the higher frequencies although there
is not much difference.

Both regenerative and super-regenerative de-
tectors are impedance coupled to the 43 power

panel the airplane tuning dial and its control
knob are at the upper left with the band chang-
ing switch just below it. .

Upper center is the 2,000 ohm potentiometer
for rough regeneration control, while‘dlrectly
below it is the supecr-regenerative tuning con-
trol. Just below the speaker is the S.P.D.T.
switch for shifting to super-regeneration. In
the lower right hand corner is the 50,000 ochm
potentiometer, which also carries the “on” and
“off” switch for the entire set, and serves the
dual purpose of vernier regeneration and vol-
ume control above 15 meters and super-re-
generative hiss control below 15 meters.

The tube sockets are located along the back
of the sub-base as follows (looking from the
rear—right to left) M.G.6K7, M.G.6K7, 5
prong glass tube socket, MG43, and MG25Z5.

The legends reveal the -
identities and purposes of T ot
the controls and other R

parts on the front panel.
Because short waves are a
principal consideration in

the operation of this re- 2.7.0.7._swrrcH po
Y REGENERATION OF 18

ceiver, and ultra waves To 55 i oF

come in parﬁcularly we". Tontuo corraot O RECEPTION O3 8} 10
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Haynes spent threo weeks
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developing this receiver

and it is well for the con-

structor to capitalize on his
expert efforts.

output tube by the same audio choke coil, re-
ferred to in the diagrams as the detector choke,
thus allowing the speaker or ’phones to be
used with either type reception at will. Im-
mediate shift is accomplished by simply turning
the small switch knob below the speaker on
the panel.

Results with any receiver mean little unless
they are comparative. In testing the R-S-R
in New York City the usual foreign stations
—generally called the foreign locals—were re-
ceived with good volume while some of the
more difficult catches were clearly understand-
able on earphones. The English station G.S.A.
was clearly received using a 4 foot indoor wire
as an antenna as were also many 5 and 10
meter amateur phones, some of the latter from
the far West. In fact the first 10 meter sta-
tion received on the R-S-R was an amateur
phone station in Denver, Colorado.

One of the interesting things about a good
regenerative receiver is the fact that the re-
sults attained with it are dependant to a large
extent on the skill of the operator. It has a
very low noise level and can do remarkably
fineDX work in the hands of a person who
has learned its proper operation.

Assembly Instructions

A good idea of the location of the various
parts on the panel and sub-base can be ob-
tained by reference to the photographs and
the pictorial diagram. Looking at the front of

24 70 15 METER TUWING
DIAL. POSITIVE LOGGING

YOLUMK CONTROL AND VERNIER REGENERA-
TION ADJUSTMENT OF

15 TO 553 WETEAS.
UISS CONTROL ON SUPHR-REQENERATION

-

i

[l

1

’ [l
- )
]

g

The hard rubber sub-base in which the pin
jacks are mounted for ultra wave coils fits
over the cut out just in front of the center
tube. The B filter choke coil is mounted to
the left, behind the speaker.

The large tuning condenser is mounted on its
bracket behind the airplane dial and, being on
top, fastened to front panel, is not shown in
the blueprint of the wiring, though the dia-
gram carries a notation. To the right on the
sub-base is the small R.F. semi-variable coup-
ling condenser which controls selectivity.

The airplane dial should be mounted by
soldering four short lengths of wire from its
frame to the small mounting screws around the
circular cutout on the panel. This allows it to
he accurately centered and permanently held
in place.

Ground Connections Important

Make all wires carrying radio frequency cur-
rent as short and direct as possible and do not
bunch them together. Proper ground returns
are important if a receiver is to control well.
A good general rule is to return all grounds
from by-pass condensers etc., to the socket
ground connection of the tube whose immediate
circuits they are by-passing. Remember that
each metal tube has one contact which con-
nects to its metal shell and this socket con-
nection is grounded to the chassis as near to
the socket as possible and this same ground

(Continued on next page)
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connection should be used for any other grounds
associated with that tube's circuits.

The .0001 mmifd. grid condenser with the
3 meg. leak across it is soldered directly to the
large tuning condenser stator and a short flex-
ible lead provided for the grid cap.

The remaining parts are mounted underneath
the sub-base by means of the screws and
mounting holes provided for them as shown on
the pictorial diagram.

The small condensers and resistors are self
supported by their soldered connections.

Three special r.f. chokes are used. They
are all wound on 34" Bakelite rod. The larg-
est has 220 turns of No. 34 enamel wire while
the two smaller identical ones 40 turns of the
same wire on the same size diameter.

The Super-Regenerative Tuner

Two of the special choke coils are mounted
directly on their respective tube sockets. The
longer one is soldered to the plate connection
of the r.f. tube socket while a small one is
soldered to the cathode connection on the de-
tector tube socket. They should stand vertical-
ly away from the socket base and the large
one should be kept well in the clear with no
wires running along or against it.

The entire tuning assembly for the super-
regenerative tuner is mounted on the small hard
rubber sub-base panel. The small variable con-
denser is mounted so that its stator and rotor
connections are close to the ends of the pin
jacks to which they are soldered. An insulated
extension shaft and coupling is used for this
condenser as well as a bushing which holds the
tuning dial in place and provides a bearing for
the shaft. The grid condenser and its 1 meg.
leak extend from the small variable condenser
stator to the grid terminal of the glass tube
socket while a short rigid wire connects the
rotor to the plate terminal. Such a compact
assembly with very short leads gives good effi-
ciency and smooth super-regeneration on the
ultra-high frequencies.

The super-regenerative choke coil (either one
of the small ones) is soldered directly to the
condenser stator lug and the .004 mf. blocking
condenser runs from the other end of this
choke directly to the cathode connection on
the glass tube socket, which is in turn grounded
to the chassis.

Stabilization Introduced

Note the 100,000 ohm resistor which is
soldered across this condenser. This serves to
stabilize the super-regenerative quenching action
at the very high frequencies. With some tubes
a lower value of resistance is desirable for best
reception below 3 meters. The value given
however is correct for most tubes.

The antenna connection to the “super” de-

Band Frequency Range

No. 5— 555— 1020 K.C...ooooeoiiin L,
No. 4—1000— 2000 K.C....oovvvvo v,
No. 3—1950— 4800 K.C.....ooovove e
No. 2-4700—10,000 K.C......oooveveiiinnnn.. ..
No. 1—9600—20,000 K.C.........vvvivnnnn. ...

*Wound on 124" bakelite tubing.
**Wound on 35" dowel.

tector is made by running an insulated wire
direct from the antenna post to the grid con-
nection of the tube around which it is wrapped
a few times but not actually connected.

It will be noted that the entire power supply
is concentrated at the end of the sub-base near-
est the speaker. The M.G.25Z5 rectifying tube,
filter choke and filter condenser block are all
located together here. The 60 mid. condenser
block is divided into four sections, 25, 25, 5
and 5 mfd. each. The red leads are the positive
connections to the 25 mifd. sections and con-
nect to either side of the Iter choke. The
green lead is the positive 10 mfd. connection and
is connected to the cathode terminal of the
M.G.43 socket. The white and black leads
should be grounded to the chassis.

The three wires of the power cord should be
comnected to the filament and plate of the
MG25Z5 and the switch in accordance with
their colors as shown in the diagram.

Speaker Connections

A 5 inch dynamic speaker is used which is
entirely satisfactory for a communication type
receiver and actually gives very acceptable
quality on broadcast reception. The 3,000 ohm
field is connected directly across the power
supply, on the rectfiier side of the filter choke.

The connections to the phone jack should be
carefully noted. A closed circuit jack is used
which is cut in series with the voice coil of
the speaker so that when the phones are
plugged in the speaker circuit is broken and
the signal passes through the .002 blocking con-
denser and phones to ground.

Operation

Any antenna may be used but an average
length straight L antenna is about as satis-

.factory as anything for all around reception.

A good ground is particularly desirable with
regenerative receivers and hand capacity on
the short waves. (Note—Try the power cord
plug both ways in the socket for best results
as one side of the power line is also grounded.)

CAUTION: Do not let the ground wire touch
any part of the receiver except the ground
connection on the terminal strip.

The receiver may be made more or less se-
lective as desired by tightening or loosening
the small semi-variable condenser at the left
end of the sub-base. The proper adjustment of
this condenser will depend somewhat on the
antenna used. If it is too tight, tuning will
be broad and there may be some places in the
tuning range where maximum regeneration can-
not be obtained—commonly called dead-spots.
If it is too loose the signals, particularly in
the regular broadcast band, will be weakened
and the tuning will become too sharp and
critical. The proper adjustment for any an-

*130 turns No. 34 En.
*52 turns No. 34 En.
*27 turns No. 26 En. wire tapped at 5T.
*11 turns No. 26 En. wire tapped at 3T.
“*73 turns No. 22 D.C.C. wire tapped at 8T.

wire tapped at 8T.
wire tapped at 7T.
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tenna and location can be found after a few
trials. This condenser also has a secondary
effect on the tuning so that if it is changed
the stations will shift their position on the
dial. This fact makes it impossible to give
the exact wavelength ranges of the different
bands but they are approximately as given in
the coil data tabulation on opposite page.

A substantial overlap is provided between
bands and their limits can be shifted up or
down by varying the semi-variable coupling
condenser mentioned above.

Regeneration

Regenerative receivers are absolutely de-
pendent upon good regeneration for their sen-
sitivity ; hence they are only as good as their
regenerative control. Two regenerative con-
trols are provided on the R-S-R. The 2,000
ohm potentiometer, controlled by the small knob
in the center of the panel, is the main control
and is used first when a station is being tuned
in. The vernier regeneration control (the
50,000 potentiometer at lower right of panel)
is used for the final fine adjustment particularly
when tuning in very weak distant stations. It
gives precise, gradual control over the greatest
regencrative gain possible. This control is so
smooth and gradual that when a station is
properly tuned in the regeneration can be run
right up into ‘“zero beat” without knowing when
the oscillation point has been reached.

Working Vernier Control

The vernier control should be kept well over
toward the right, and used for final adjustments
on weak signals. \When it is retarded more

New Universal Microphone,
Ribbon Type, 1 Inch Thick

The first new product of 1936 to be brought
out by the Universal Microphone Co., Ingle-
wood, Cal., is a ribbon microphone housed in
a new style, futuristic jet black enamel and
chrome polished casing.

This tiny instrument is the result of tests
extending over nearly two years. The micro-
phone case is hinged on swivel joints for greater
ease in handling and is of course, noiseless
in adjustment and operation.

The new Universal ribbon microphone line
has been designed for general all-'round radio
use, including broadcast studios, remote con-
trol points, p. a. work. amateur activitics and
other radio purposes.

The new ribbon microphone and casing will
be put on the market in conjunction with Uni-
versal’s new adjustable stand which can be
folded up when not in actual use, or may be
adjusted to fit a small or awkward-sized space.

The instrument weighs 114 1bs., while the
dimensions are 234 x 434 x 1 inch.

It is customary to use a preamplifier in con-
nection with a ribbon microphone.

than half way it acts as a volume control to
reduce strong signals.

Super-Regeneration

Very few instructions are necessary for super-
regenerative operation on the wave lengths be-
low 15 meters. Merely throw the “super”
switch (just below the speaker) and you im-
mediately hear the characteristic super-regen-
crative rushing sound. Tuning is now done
with the large pointer dial at the bottom center
of panel. It is not at all critical and tunes
exactly so a band-spread tuning dial on a super-
heterodyne. When a station is “tuned in” the
rushing sound disappears completely except on
very weak carriers and then it can be cut
down with the hiss control potentiometer. .

Be sure to use sufficient antenna to grid
coupling. A small trimmer condenser cqn‘be
used here if desired instead of just twisting
the wire around the grid lead.

\Vhen using super-regeneration, stations can
he logged exactly on the dial and will always
he formed at the same spot unless they change
their frequency. .

The coils used in the super-regenerative
tuner should be wound from No. 14 trimmed
copper wire. They are simple, self supporting
coils with their ends straightened out so that
they can be plugged into the two pin jacks on
the hard rubber sub-panel. Any number of
coils can be quickly wound in a few minutes
for the various bands. Specifications for the
5 and 10 meter band coils are as follows: 10
meters—16 turns No. 14 wire, 34" diameter;
5 meters—7 turns No. 14 wire, 34" diameter.
After winding, the coils are opcned out until
their ends will fit the pin jacks which are
spaced 134 inches apart.

Three Ways of Viewing
Facts on Oscillation

Regencration has been explained from many
different viewpoints. One way of looking at
the phenomenon is that the energy fed back
from the plate reduces the effective a.c. resist-
ance in the tuned circuit.

It is well known that the lower the resist-
ance in a tuned circuit the higher will be the
current in it, or the voltage across it, for a
given electromotive force induced in the coil.
Some prefer to look at the action as a rein-
forcement of the electromotive force, and this
view perhaps is the more logical, for the plate
signal current flowing in the tickler induces
an electromotive force in the tuned circuit, just
as a third or coupling winding would, and the
two add up vestorially, that is, they add up as
all forces do.

If the e.m.f. induced by the plate current is
opposed to that induced by the direct signal, the
result of the feedback is a weaker signal.
If the two e.m.f's are at right angles, the
regeneration has no effect whatever. It is only
when the two are in phase, in whole or in part,
that regeneration augments the signal strength.
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Three New Tubes, One Metal, Two Glass

Three new tubes have just been announced.
One is all-metal, the 6R7 duplex-diode triode,
the other glass, the 1A4 and 1B4. The 6R7
is like the 75, the 1A4 is a super control r.f.
tetrode and the 1B4 a screen grid r.f. ampli-
fier, both for 2 volt 60 milliamperes d.c. fila-
ment for battery sets.

6R7

..................... 6.3 volts
Heater Current ............ 0.3 ampere
Cap ceiiii e Miniature
Base «.o.coooiiiiiiiiii, Small Octal 7-Pin

Triode Unit—As Class A Amplifier

Plate Voltage .............. 250 max. volis
Grid Voltage ......... .... —9 volts
Amplification Factor ..... 16
Plate Resistance ..... 8500 ohms
Mutual Conductance 1900 micromhos
Plate Current .............. 9.5 milliamperes

Diode Units

The two diode units are placed around a cathode,
the sleeve of which is common to the triode unit.
Each diode plate has its own base pin.

1A4

Filament Voltage (D.C.)... 2.0 volts
Filament Current .......... 0.000 ampere
Plate Voltage ............. 180 max. volts
Screen Voltage ............ 67.5 max. volts
Grid Voltage, Variable..... --3 min. volts
Plate Current ............. 2.3 militamiperes
Screen Current (Approx.).. 0.7 milliampere
Plate Recsistance .......... 960000 ohms
Amplification Factor ...... 720
Mutual Conductance ...... 750 micromhos
Mutual Conductance (A:

—I15 volts bias) .......... 15 micromhos
Grid-Plate Capacitance

(With shield-can)

0.007 max. mmid.
Input Capacitunce .... 4.6

mmfd.

Output Capacitance 11 mmfd.
Cap ...... . Small Metal
Base .....iiiiiiiiiiiiiin.. Small 4-Pin
Pin 1--Filament -+ Pin 4—Filament —
Pin 2—Plate Cap —Grid

Pin 3-—Screen

(Pin numbers arr according to RMA systen)

New Metal Dual Type Tube

ALL PINS .0937%.003"

6R7

055"
MAX.

PIN 1 - SHELL

PIN 2 - HEATER

PIN 3 - PLATE (TRIODE)
PIN 4 - PLATE (DIODE-2)

Connections to socket for the

new all metal 6R7 duplex-diode high mu triode.

1B4

Filament Voltage (D.C.)... 2.0 volts
Filament Current .. . 0.060 ampere
Plate Voltage .............. 180 max. volts
Screen Voltage ............ 67.5 max. volts
Grid Voltage +...oooveenn.n -3 volts
Plate Current .............. 17 milliamperes
Screen Current (Approx.).. 0.4 milliampere
Plate Resistance ........... 1.2 megohms
Amplification Factor ...... 780
Mutual Conductance ...... 650 micromhos
Grid-Plate Capacitance

(With shield-can) ....... 0.007 max. mmfd.
Input Capacitance ......... 4.6 mmfd.
Output Capacitance ....... 11 mmfd.
Overall Length ....... 4-9/32" to 4-17/32”
Maximum Diameter 1-9/16”
Bulb ST-12
(08 T Small Metal
Base cioieiiiiiiiiiiiiiaan, Small 4-Pin
Pin 1—Filament + Pin 4—Filament
Pin 2—Plate Cap —Grid
Pin 3—Screen

(Pin numbers are according to RMS system)

2,300 Attend Hamfest
of Wholesale Radio

More than 2,300 radio amateurs and short
wave fans recently jammed the grand ballroom
of the Hotel Pennsylvania, New York City, at
the second “hamfest” sponsored by Wholesale
Radio Service Co., Inc. of 100 Sixth Avenue,
New York City. This is said to be a record.
Exhibits of new apparatus by five manufac-
turers and a series of technical talks kept the
crowd occupied from 6 p. m. until midnight.
The featured talker of the evening was Robert
S. Kruse, engineering editor of “Radio”, who
wsave an illlustrated lecture on radio frequency
amplifier design and operation.

9-TUBE SET NEXT MONTH

A nine tube all wave set intended for this
issue will appear in the April number.

PIN 5 - PLATE (DIODE -1)
PIN 7 - HEATER
PIN 8 - CATHODE

CAP - GRID

£87°
£.0077AT
PIN TIPS

The mu is 720.

Bottom view of socket is shown.
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Handy Home-Made Bridge

Author Reduces Valuable Circuit to Simpli-
city and Gains Accurate Results

By Frank G. Simonds

Front panel of the bridge
Frank &. Simonds built.
The dial, at center, is used
for the resistance ratio de-
termination. The galvano-
meter is the oblong in-
strument to the left of the
dial. The a.c.-d.c. switch
and the a.c. connection
posts are shown. Other
connections are to the
clips at left.

l.\l spite of all that has been written in various
radio publications during the past several
years about the Wheatstone bridge it seems that
very few amateur experimenters and service
men have even familiarized themselves with this
extremely versatile and accurate device. It is
reasonable to say that any service man who
once becomes bridge-minded will be delighted
with the accuracy and dependability.

It seems to be commonly believed the bridge
is expensive, complicated, slow and cumber-
some. In many cases this idea is a hangover
from high school days when the physics teacher
casually skimmed over the chapter on the un-
derlying principles of the bridge without en-
couraging questions that might prove awkward,
not to say downright embarrassing.

Commercial precision bridges are expensive.
But work of a fairly high order of accuracy,
within certain rather wide limits, may easily be
done on an inexpensive, home made bridge such
as is here described. Its construction is not
complicated to anyone who has ever built a
radio, and its use is neither slow nor cumber-
some.

Selection of Voltages

The following example will illustrate the de-
gree of accuracy possible with this home made
bridge. The author has a commercial semi-
precision resistor marked 100 ohms. Its actual
resistance, measured in a commercial labora-
tory, is 101 ohms. Another marked 500 ohms
measures 503.4 ohms. Both fall within the 1%
tolerance allowed by makers of resistors com-
monly used as meter multipliers. By using the
101 ohm resistor as a standard, and the 503.4
resistance as an unknown, the unknown meas-
ured 504.45 ohms. The difference between these
two values is only .95 ohm.

Assuming that the measurement made in the
commercial laboratory is correct, the value ob-

tained with this simple bridge shows the error
to be less than one fifth of 1%. This order of
accuracy is not claimed for all settings of the
dial nor for any and all resistors, but careful
work in making the special potentiometer, and
the use of heavv wire plus good soldering in the
arms of the bridge will easily yield an accuracy
oi 1% for resistors between 1 ohm and 1|
megohm. Tke accuracy for higher resistors is
nearly as high, particularly if the full battery
voltage is used. High battery voltage, say 45
volts, makes balancing easier, especially if the
balancing meter is not very sensitive. On the
other hand high voltages are not desiratle for
measuring the medium and low resistors. Low
resistances draw more current which, in turn,
inakes the meter needle jump violently. This
not only makes balancing difficult but may also
burn out the meter.

Ratio of Resistahces

First examine that part of the schematic dia-
gram above the dotted line, which is the bridge
proper. It consists of four arms or resistances
(condensers will be considered presently). X
is the unknown resistance whose value is sought.
K is a known resistance standard. The nearer
the known standard is to the unknown, the
higher the accuracy will be. In no case should
the known be less than 1/10 of the unknown,
nor should the known in any case be greater
than 10 times the unknown. It is still more
desirable in the interest of accuracy to select
a known standard somewhere between 1/5 and
5 times the unknown.

Just how is one to know which one to select
for trial out of an assortment of standards?
Two methods are available. The first and sim-
plest is to measure the unknown roughly with
an ohmmeter and select the standard nearest
to it that one has on hand. If no ohmmeter is

(Continued on page 45)
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The circuit used by Frank G. Simonds for the bridge he found so very satisfactory.

LIST OF PARTS

One audio frequency transformer

One .00025 mfd. Cornell Dubilier condenser
One .5 megohm variable resistor

One .05 meg variable resistor

One set of known resistances (standards)
A slide wire potentiometer (see text).
One three volt A battery (two No. 6 cells)
One 45 volt B battery

One push button switch

One double pole double throw switch
One four contact socket

One 99 type tube One pair of head phones

Three knobs, four binding posts

FOR BRIDGE: 7 x 18" Bakelite panel; 4 binding
posts; 2 pair fuse clips for standard resistors;
2 pair leak mounts; phone tip jacks; gal-
vanometer; 4" true vernier dial; drum from
Radiola 25 or 28; 3 standoff bushings tapped
through with 8/32 thread; brass 4" rod,
3” long; sheet brass, $6 x 3” for slider arm;
spring brass for brush (soldered to slider) ;
resistance element 8’ long from 2,000 ohm
Electrad Truvolt resistor.
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(Continned from page 43)
available use the second method which is to
select a standard at random and use the smallest
battery voltage obtainable, by cutting in all
of the resistance at R (right, center), which is
a 50,000 ohm rheostat for controlling the bat-
tery voltage.

Operation of the Bridge

The lower arms of the bridge, A and B, are
the two parts of a potentiometer separated by
the slider. When the resistance of A is in-
creased by turning the slider to the right, the
resistance of B is decreased, and vice versa. The

little more than ordinary patience was required
to adapt the RCA drum dial.

First careiully pry up the lugs that hold the
metal drum and celluloid scale to the Bakelite
disc. Take out the disc and with tin snips cut
the metal drum to about half its width. Cut
the scale to the same width. Put the scale care-
fully aside. Then cut the metal drum through
crosswise, making the cut near the center, but
not through one of the lugs. Then cut off
about 1/16 inch from the half with no lug
near the center, so that when the two halves are
replaced in the groove in the Bakelite disc, they
will be insulated from each other. Do not cut

The rear view shows plainly how the drum dial was used in unconventional fashion to solve a difficulty.

The slider contacts with some Electrad resistance wire.

Besides the controls there is an audio osciilator,

using an a.f. transformer of any convenient type.

arms of the bridge. that is the resistances just
described, are connected as shown by heavy
lines, which represent heavy copper wire. The
resistances of these heavy connectors should be
of the order of thousandths of an ohm if ac-
curacy in measuring low resistances is desired.

Voltage is applied at C and D. The slider
F is moved unti! A hears the same relation to
B as X bears to K. \When this relationship is
established there will be no difference of po-
tential between points E and the slider F and
this will be indicated by no deflection of the
meter needle. The hridge is said to be bal-
anced. To calculate the value of X in ohms,
dividle A by B. Multiply the quotient by K
and this product will be the resistance of X
in ohms.

It is not necessary to know the actual values
of A and B in ohms. It is merely necessary to
know the ratio of A to B and this ratio can be
read by securing a dial to the shaft of the
slider F. This potentiometer and its dial con-
stitute the heart of tliis bridge in obtaining ac-
curacy. The potentiometer is home made and
will be described in detail.

Getting Exactly Half a Circle

The body of the potentiometer is an old drum
dial taken from a Radiola 25 or 28. These sets
had two such dials, a right and a left. Either
will do. Other dials of this general type will
also do. Adapting them to this purpose may
require a little ingenuity. The zuthor found that

the celluluid scale crosswise. It serves as an in-
sulator to separate the resistance wire AB from
the metal drum. Reassemble the drum with
the original small metal clamps.

Exactly one half or 180 degrces of the drum
is to be used, and the trick is to fasten the two
ends of the resistance wire so that the resis-
tance wire (AB) occupies exactly a 180 degree
portion of the drum. Do not use the numbers
on the celluloid scale to mark the 180 degree
portion. The author tried it and found that
the distance from 0 to 100 was about 5 degrees
short of a half circle. The used portion of the
drum must be a half circle because the new dial
to be attached is one reading from 0 to 100 in
an angle of rotation of 180 degrees.

The simplest way to mark the ends of the
half circle on the drum is to use a steel straight
edge. Lay it on the drum exactly across the
center and with a sharp scriber, mark the ends
on the celluloid scale.

Improvised Resistance Unit

Next procure the resistance wire AB. This
must be a wire that, above everything else, has
a uniform resistance per unit of length.

Secondly. it should have a resistance of 40
or 50 ohms per inch. Since number 40 Ni-
chrome wire has a resistance of only about 5
ohms per inch, and number 40 is too fine to
handle anyway, some other solution has to be
found for the most important part of the vital

(Continued on next page)



46 RADIO WORLD

March, 1936

(Continued from preceding page)
unit of the bridge. A few turns, 7 or 8, of re-
sistance wire taken from an Electrad resistor
(the semi-fixed type with ceramic core) proved
to be just the thing. The original Electrad re-
sistor was 4 inches long and was one of about
2,000 ohms.

The 7 or 8 turns taken off had a resistance
of about 300 ohms. The exact value of AB in
ohms is not critical, but trial and error methods
have shown that from 300 to 500 ohms are best

It is possible to damage the meter by running
too much current through it, as one does not
know in advance what the needle position wili
turn out to be. So a pushbutton is used as a
precautionary measure. The barest press gives
some idea of whether the needle will be off scale,
and the release may be rapid enough always to
prevent off-scale occurrence.

for the general run on work. On the first trial
AB was made about 2,000 ohms. This proved
to be all right for medium and high resis-
tances, but it was difficult to balance the meter
when measuring low values such as one ohm.
Small holes should be drilled through the cellu-
loid scale and metal drum near the ends of the
drum. Carefully cut off a piece of the Electrad
resistance wire about 8 inches long and be care-
ful not to pinch or mar the fine winding of re-
sistance wire on the insulated core.

Clamping the Wire

Insert one end of the wire through the small
hole at one end of the drum and bend the end
of the wire inside the drum to make the wire
secure. Then wrap the wire firmly around
the drum and fasten the other end in the same
manner, The wire will then occupy something
more than 180 degrees of the drum. The wire
must then be clamped to the drum exactiy at
the ends of the 180 degree angle previously
marked on the celluloid scale. This is best
done by cutting a fairly heavy brass strip 4
inch wide and as long as the drum is in width.
This length would be about 14 inch. Clamp the
brass strip in place temporarily with a small
mechanic’s clamp and drill two holes, one on
either side of the wire, right through the brass
piece, the celluloid scale and the iron drum.
Use a No. 44 drill which will be about right
for a 4-36 tap. The holes may be tapped with
other sizes but the proper size drill should be
used for the tap on hand.

Clamp the wire to the drum with the brass
strip and screws just described, and treat the
other end of the wire in the same way.

It is now time to secure a shaft and slider.
The shaft is simply a %4 inch brass rod about 3
inches long. This may not go through the bear-
ing in the Bakelite disc without forcing. The
author corrected this detail by running a %
inch straight reamer through the bearing, and
obtained a capital fit, with no play, and still
not too tight. The slider is simply a piece of
stiff brass about 3 inches long, 5§ inch wide at
one end and % inch at the other. A 4 inch
hole is drilled through the wide end and a thick
(Y% inch) washer, with hole and set screw, is
soldered to the wide end so that the holes are
concentric.

Brush Contacts Lightly

An casy way to do this is to solder the
washer to the brass strip before drilling the

The box is made of 34 poplar. lts inside dimen-

sions are 18 x 10 x 3". The extra width is used

for A and B batteries, standard resistors, con-

densers, etc. Brass hinges, suitcase clasps and
handle complete the outfit.

hole, so that the hole in the washer may be
used for a guide. The slider proper, or brush,
is made of very thin sheet brass and is soldered
to the narrow end of the slider arm so that the
brush travels lightly over the resistance wire
when the shaft is turned. It is best to equip
the Bakelite disc with a pair of stops, as shown
in the illustration, so that the brush will not
run off the ends of the resistance wire. These
stops are easily made from small brass angles,
screwed to the disc, and equipped with adjust-
ing screws, so that the angular travel of the
slider may be made exactly 180 degrees.

Three flathead machine screws (8-32) hold
the disc to the Bakelite panel. It is best to
place ¥4 inch brass tubes, cut from brass pipe,
between the disc and the panel so that the disc
and panel are separated by 4 inch. If the hole
(for the shaft) in the panel is made exactly
14 inch in diameter and lined up perfectly with
the shaft hole in the disc, the 14 inch standoff
tubes are worthwhile, because the separation of
the two bearing surfaces takes all the loose play
out of the shaft. This feature is not absolutely
essential, but the careful worker will find it
easier to read the vernier dial to 1 part in 1000
when all of the wiggle is taken out of the shaft.
The dial will be forgotten for a moment while
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we examine that part of the diagram below the
dotted line.

No Power Supply
This part consists of the power supply for the

bridge. It is an ordinary audio oscillator made
from parts found in any radio junk box. A
glance at the wiring shows that when the double
pole double throw switch is toward the right,
the filament of the 99 tube will not light, and
also that the combined voltage of the filament
and plate batteries will be applied to the bridge
at points C and D. The rheostat R is used to
reduce the voltage to a low value for measuring
low resistors and for trying out a standard
resistance as explained above. It can be grad-
ually moved to a higher voltage as the bridge
slider approaches the point of balance. The
push button between the battery and the rheo-
stat is placed there so that the voltage may be
applied momentarily. This is important so that
the meter will not be damaged by too high a
current when out of balance.

The DPDT switch is placed in the d.c. posi-
tion when measuring the d.c. resistance of all
kinds of resistors and inductors. When a bal-
ance has been made as described, the resistance
of the unknown is equal to AK/B.

When condensers are to be compared or
measured against a standard condenser, the un-
known is placed across the posts at X (replac-
ing the resistor shown at top left) and the
known is at K, resistor removed. The DPDT
switch is thrown to the left, or a.c. position, and
'phones inserted to the 'phone jacks. The tube
lights and begins to oscillate with a frequency
which is audible in the 'phones, and which is
raised or lowered by moving the .5 meg. rheo-
stat which acts as a grid leak. The push button
is used to start and stop the oscillation.

Search for No or Small Sound

The bridge slider is moved to a point where
no sound is heard in the ’phones, or to the
point where the sound is at a minimum. The
bridge is then balanced and the value of the
unknown condenser is found by the simple for-
mula BK/A. Notice that the condenser for-
mula differs from the resistor formula. In-
ductance of chokes is also found by comparing
the unknown with a known standard, using the
audio oscillator for voltage source and the
'phones to detect the point of balance. Use the
resistor formula for inductances. It is well to
write out the formulas and mount them on the
bridge panel.

There is one more important thing to con-
sider and that is the dial with which to read the
ratio of A to B. The author tried two old but
good looking dials without good results until
he found that the scales were not uniform, re-
sulting in large errors. A metal dial with large
Bakelite knob and vernier was finally purchased
for 90 cents. This dial looked perfect in the
box, but it had to be tinkered with a bit to make
it work well. The scale was not absolutely
uniform, but the error in marking lies very close
to 0 and the extremities of the scale are not
used anyway, so this error was tolerated. The

MUST U 11HAUT 1UL e adk.
capacities. \When exact balance has been ef-
fected the resistance formula is R<=RxA/D
and the capacity formula is Cx=C«B/A. Both
A and B should be nonmreactive. As in the
previous case the resistance added to either the
N-arm or the K-arm must be allowed for in
using the resistance formula.

Condensers are more accurately measured
with a bridge than small inductances.

R it

Series Antenna Condensers

A variable condenser in series with the an-
tenna, 50 mmfd. being sufficient, improves short
wave reception, because it has the effect of
matching the antenna circuit to the frequencies
of the transmitters desired to be received. It is
not a case of resonance, exactly, as a given set-
ting of the condenser is good for an entire band,
but it establishes the antenna more efficiently
as a wave interceptor. For the broadcast band
the series condenser improves selectivity, but
reduces input so much that receiver gain has to
be raised, and noise results.

Radio Waves Expedite
Pea and Potato Crops

Radio waves of several hundred kilocycles
have been used by Soviet scientists for bom-
barding potato and pea seeds before planting.
The results are said to have been earlier sprout-
irig and a crop yield of more than 50 per cent.
greater than normal. Exposure lasted a minute
or so and took place a few months prior to
planting.

hole for the shaft was not strictly concentric
with the circumference, so the circunference
had to be carefully filed in spcts. The vernier
consists of a small scale of 10 divisions equal
to 9 divisions on the dial. By counting the
divisions on the vernier from 0 to the point
where both scales coincide, one can read the
scale to 1 part in 1000.

The Half Way Mark

The dial must be placed on the shaft so that
when it reads 50 the bridge slider is exactly
half way between the extremities of travel. This
can best be accomplished by comparing two
knowm resistors, determining each in terms of

How the actual contact is made. The slider is
shown connecting to the circular resistance wire.
Solution of the difficulty of obtaining resistance
wire that was not of too small resistance for the
short length used was found in the use of wire un-
wound from an Electrad 2,000 ohm resistor.

the other as explained at the beginning of this
article. Move the dial, with respect to the
slider, so that the two known resistors measure
correctly, each in terms of the other. This
calibration is made still easier if one has or
can borrow two known resistors that are equal.
Insert these in the bridge and move the slider
until the bridge is balanced. Then set the dial
to read 50 without moving the slider, and the
bridge is calibrated for all ccmbinations of
known and unknown within its limits of accu-
racy.

The galvanometer can be anything from a
compass in a coil of wire to an expensive mov-
ing coil type.

The same resistors that are used for multi-
pliers and shunts can be used for bridge stand-

(Continued on next page)
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In experimenting with this circuit a ninth tube has been added advantageously ¢
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ards if they are accessible, and they can be made
so by using resistor clips on all devices where
they are used, thus making them easily inter-
ch{ingeable. A pair of binding posts, a pair of
grid leak type clips and a pair of fuse clips,
wired in parallel are used in the present bridge
on the unknown side, and the same combination
on the known side so that various kinds of re-
sistors, wire leads, etc. can be put into the
bridge quickly and firmly.

Notice that only one switch is used to change
the voltage source from d.c. to a.c. The oscilla-
tor is started and the balance indicator is
changed from meter to 'phones by one flip of
*he DPDT switch.

When a resistance is measured on a bridge
with direct current, the d.c. value of the resis-

tance is obtained, and an exact balance is always
possible, even if there is inductance present.
Thus the d.c. resistance of a choke coil may
be measured just as if there were no inductance
present at all. If there is a condenser in series
with the impedance no bridge measurement, of
course, can bé made with d.c.

If an inductance is to be measured, the un-
known inductance should be placed in the X-arm
and a standard inductance should be placed in
the K-arm. An exact balance cannot be ob-
tained by sliding the point F alone, because
the a.c. resistances of the unknown and of the
known inductance may be different. To obtain
exact balance, and not merely an indication of
minimum, a variable resistance must be inserted
in either the X-arm or the K-arm, depending

(Continued on next page)
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The instrument in its box,
with cover open. Binding
posts are neatly arranged
along the rear of the panel
and at left. The 99 tube,
used as audio oscillator,
fits into the socket behind
the knob at right. The
push button, included as a
wise precaution, is seen
just in front of the meter.
The ready accessibility of
the clips at left is ap-

WORLD March, 1936

R-3-R RECEIVER
-390 METERS

%9

eS

The
“ﬂﬂ@ﬂ

this tremendous tuning range with no

® 2!/,-555 meters—complete coverage of
skips or dead spots.

EE&’-"Q&Lé:ﬁﬁ&S 2o =
VOog—'5¥®E w00y 2S'F a =
o S0y w-% SPD3 w0 =
B, Pgf2%auE,8 Sx2h3 35
Eow EEm 9888 W ook o)
5080 jo280%8 TH o5
EwLE Prow3h vpa* 05
8 BEX®wESIL 35 Sl S
o @Q'oga.nvug "zgog“ 4
ogeRes SZE= SEO0SR28 -
[ me>‘ "u:'”:“'u ...Um e -
Tt i s < T Dot - O.Qz; b ©
.ggc“mmgaw,gfém BORT oB U
YEEESHO S0 @ 0T w0 | o=
'R —heg T fALogy <
] 2o S 2O EY wmg @ [«
=mOS 73 A8 Ok FLTm g~ =
oSN YN e W Ex¥03.a =]
aTan 8 -"=MELO 5 T g o
e of B 3350 & Moma 2]
> PhEgTEea (85 T o< EES =
v DEgwe uoPn ScociFa =
o« W= >,>’2 a,':: | R PR —
Ml  L88="0°%g % . &oe, <"
> .ggzga-g Beg 2 8“@:5_%’.2§ 22
T8 g 58Tt S80S BE O3
w3 el28 Yy ;Oﬁgso &
SPemEWGES cHS 8o 8 o
Z 2
—
-
:c'
=3
5
Q=

o '
most universal sets, it has been equipped with entirely adequate

) ch‘cqcratio_n and Sup.er Regeneration combined for the FIRST
I'IME in a single receiver with the greatest tuning range ever

incorporated in any radio set,

c 0 >k v e (A : Lo
o Feg 8T 25 @ =
o = c o o - o
'O w
2 ©eo? E2 28 @ sl 1
a - Q. L o o “w o
o 5208 w, =5 £ 2%
c 2ao - To:Q om,,
I o EL L] 3900 £
o T S0 o
—;,g'u 2 e <= 55E L
£
98 =8 o6 28%v e3$
e2eg £ 8, T2 5.c83
28 52 t 8"2"4=<%
& 2 £3 = ¢ D
L,T5 58 c°2E5%,
mo-.gm -;_ﬁ: .Q_Uu.ﬂspn
ow =5 © 5% “wo2e_Tek
SR TSE e S5E2STEex
- ] So t£o S8
L2+ T8 ocoeDEETH
55629 L9 © ©53° .
B2gfag BT esElcefoy
° OO — —='3 .
E2 ERS S acE2sb2Ea 085
0 Ealasno23C%0ol 02
@U=nEawn3o0D<d v ZxX o E
e o . o o0 oo




March, 1936

RADIO WORLD 47

we examine that part of the diagram below the
dotted line.

No Power Supply

This part consists of the power supply for the
bridge. It is an ordinary audio oscillator made
from parts found in any radio junk box. A
glance at the wiring shows that when the double
pole double throw switch is toward the right,
the filament of the 99 tube will not light, and
also that the combined voltage of the filament
and plate batteries will be applied to the bridge
at points C and D. The rheostat R is used to
reduce the voltage to a low value for measuring
low resistors and for trying out a standard
resistance as explained above. It can be grad-
ually moved to a higher voltage as the bridge
slider approaches the point of balance. The
push button between the battery and the rheo-
stat is placed there so that the voltage may be
applied momentarily. This is important so that
the meter will not be damaged by too high a
current when out of balance.

The DPDT switch is placed in the d.c. posi-
tion when measuring the d.c. resistance of all
kinds of resistors and inductors. When a bal-
ance has been made as described, the resistance
of the unknown is equal to AK/B.

When condensers are to be compared or
measured against a standard condenser, the un-
known is placed across the posts at X (replac-
ing the resistor shown at top left) and the
known is at K, resistor removed. The DPDT
switch is thrown to the left, or a.c. position, and
'phones inserted to the 'phone jacks. The tube
lights and begins to oscillate with a frequency
which is audible in the 'phones, and which is
raised or lowered by moving the .5 meg. rheo-
stat which acts as a grid leak. The push button
is used to start and stop the oscillation.

Search for No or Small Sound

The bridge slider is moved to a point where
no sound is heard in the ’phones, or to the
point where the sound is at a minimum. The
bridge is then balanced and the value of the
unknown condenser is found by the simple for-
mula BK/A. Notice that the condenser for-
mula differs from the resistor formula. In-
ductance of chokes is also found by comparing
the unknown with a known standard, using the
audio oscillator for voltage source and the
'phones to detect the point of balance. Use the
resistor formula for inductances. It is well to
write out the formulas and mount them on the
bridge panel.

There is one more important thing to con-
sider ~nd that is the dial with which to read the
ratio of A to B. The author tried two old but
good looking dials without good results until
he found that the scales were not uniform, re-
sulting in large errors. A metal dial with large
Bakelite knob and vernier was finally purchased
for 90 cents. This dial looked perfect in the
box, but it had to be tinkered with a bit to make
it work well. The scale was not absolutely
uniform, but the error in marking lies very close
to 0 and the extremities of the scale are not
used anyway, so this error was tolerated. The

hole for the shaft was mnot strictly concentric
with the circumference, so the circumference
had to be carefully filed in spots. The vernier
consists of a small scale of 10 divisions equal
to 9 divisions on the dial. By counting the
divisions on the vernier from 0 to the point
where both scales coincide, one can read the
scale to 1 part in 1000.

The Half Way Mark

The dial must be placed on the shaft so that
when it reads 50 the bridge slider is exactly
half way between the extremities of travel. This
can best be accomplished by comparing two
known resistors, determining each in terms of

How the actual contact is made. The slider is
shown connecting to the circular resistance wire.
Solution of the difficulty of obtaining resistance
wire that was not of too small resistance for the
short length used was found in the use of wire un-
wound from an Electrad 2,000 ohm resistor.

the other as explained at the beginning of this
article. Move the dial, with respect to the
slider, so that the two known resistors measure
correctly, each in terms of the other. This
calibration is made still easier if one has or
can borrow two known resistors that are equal.
Insert these in the bridge and move the slider
until the bridge is balanced. Then set the dial
to read 50 without moving the slider, and the
bridge is calibrated for all combinations of
known and unknown within its limits of accu-
racy.

The galvanometer can be anything from a
compass in a coil of wire to an expensive mov-
ing coil type.

The same resistors that are used for multi-
pliers and shunts can be used for bridge stand-

(Continued on next page)
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ards if th'ey are accessible, and they can be made
so by using resistor clips on all devices where
they are used, thus making them easily inter-
changeable. A pair of binding posts, a pair of
grid leak type clips and a pair of fuse clips,
wired in parallel are used in the present bridge
on the unknown side, and the same combination
on the known side so that various kinds of re-
sistors, wire leads, etc. can be put into the
bridge quickly and firmly.

Notice that only one switch is used to change
the voltage source from d.c. to a.c. The oscilla-
tor is started and the balance indicator is
changed from meter to 'phones by one flip of
‘he DPDT switch.

When a resistance is measured on a bridge
with direct current. the d.c. value of the resis-

tance is obtained, and an exact balance is always
possible, even if there is inductance present.
Thus the d.c. resistance of a choke coil may
be measured just as if there were no inductance
present at all. If there is a condenser in series
with the impedance no bridge measurement, of
course, can bé made with d.c.

If an inductance is to be measured, the un-
known inductance should be placed in the X-arm
and a standard inductance should be placed in
the K-arm. An exact balance cannot be ob-
tained by sliding the point F alone, because
the a.c. resistances of the unknown and of the
known inductance may be different. To obtain
exact balance, and not merely an indication of
minimum, a variable resistance must be inserted
in either the X-arm or the K-arm, depending

(Continued on next page)

The instrument in its box,
with cover open. Binding
posts are neatly arranged
along the rear of the panel
and at left. The 99 tube,
used as audio oscillator,
fits into the socket behind
the knob at right. The
push button, included as a
wise precaution, is seen
just in front of the meter.
The ready accessibility of
the clips at left is ap-
parent. There is room in
the rear for batteries and
some accessories.

Intimate Information About the Photographs

The panel view shows the face with meter.
dial, binding posts and controls. The knob on
the left controls the B battery voltage. No
filament control is provided. The knob on the
right is the grid leak which varies the a.f.
signal, that is the frequency.

The rear view shows a close-up of the back
of the panel. The bridge pot is at center, next
the galvanometer magnet, and directly below is
the DPDT switch. The audio transformer is
on the left. The heavy bare wiring on the
right parallels the three sets of connections that
are provided for both known and unknown.

The large circular object separately shown
is the bridge pot turned around. Standoff tubes

separate the disc from the panel by 4”. I
happens to be another drum the author was
testing for another purpose.

In the article it is stated the dial turned
180 degrees. In the author’s model the resist-
ance wire does occupy exactly 180 degrees of
the drum, but stops are set so that the slider
does not move quite to the extremes of the
wire. This prevents the slider from trying to
climb the clamps which fasten the ends of
the wire to the drum as it would do if the dia!
were turned all the way to 0 or to 100. This
might bend the end of the slider slightly which
would throw off the calibration. The ends of
the scale are not used, anyway.
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on which has the less a.c. resistance, and both
the inductances and the resistances must be
balanced separately but simultaneously. The
variable resistor is put in either arm as re-
uired. There will be two tormulas of balance.
The one for a.c. resistance is R:=RxA/B and
the one for inductance Li=LkxA/B. These as-
sume that neither A nor B has capacity or
inductance.

Capacities can be measured only with alter-
nating current in this circuit. The mknown
capacity should be connected in the X-arm and
a known standard capacity should be con-
nected in the K-arm. Just as in the case of
inductance measurements, no exact balance can
he obtained resistance in series with one con-
denser than the other. A known variable re-
sistor should be added to one of the arms, as
required. A condenser which may have a neg-
ligible series resistance to radio frequencies may
liave 1,000 ohms or more at 1,000 cycles. the
frequency at which measurements are often
made. The lower the frequency used the higher
will be the effective series resistancebof the
condenser. This series resistance must be com- ST é-..,':
pensated for if an exact balance is to be 2 by 5T }—m‘gg';r
expected. Separate but simultancous balances 3 \
must be made for the a.c. resistance and the ‘G{Y_\I
capacities. When exact balance has been ef-
fected the resistance formula is Ri=RxA/D
and the capacity formula is Cx=CxB/A. Both
A and B should be nonreactive. As in the
previous case the resistance added to either the
X-arm or the K-arm must be allowed for in
using the resistance formula.

Condensers are more accurately measured
with a bridge than small inductances.
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Series Antenna Condensers

A variable condenser in series with the an-
tenna, 50 mmfd. being sufficient, improves short
wave reception, because it has the effect of
matching the antenna circuit to the frequencies
of the transmitters desired to be received. It is
not a case of resonance, exactly, as a given set-
ting of the condenser is good for an entire band,
but it establishes the antenna more efficiently
as a wave interceptor. For the broadcast band
the series condenser improves selectivity, but —
reduces input so much that receiver gain has to -
be raised, and noise results.
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Radio Waves Expedite
Pea and Potato Crops

Radio waves of several hundred kilocycles
have been used by Soviet scientists for bom-
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barding potato and pea seeds before planting. - ~ - L§§
The results are said to have been earlier sprout- ) a W
irig and a crop yield of more than 50 per cent. @\@j =i I
greater than normal. Exposure lasted a minute (000 (000 | © |"|
or so and took place a few months prior to v v

planting.

In experimenting with this circuit a ninth tube has been added advantageously as driver (76). A commercial switch coil assembly is used.
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® 21/,.55656 meters—complete coverage of
this tremendous tuning range with no
skips or dead spots.

@ Band switching (5 bands}—no plug in
coils from 15-555 meters.

® Immediate shift from regeneration to
super-regeneration is accomplished by
merely turning switch knob under
speaker,

® Super-regeneration below 15 meters
using simple efficient pin-jack plug in
coils.

® Dual regeneration control with hiss re-
duction control on super-regeneration.

@ Adjustable selectivity control.

® Both loud speaker and earphone re-
ception on all bands.

® No line hum, even in earphones.

® Receives the new "Apex" class broad-

casting stations between 5 and 10

meters.,

Regeneration and Super Regeneration combined for the FIRST
TIME in a single receiver with the greatest tuning range ever
incorporated in any radio set.

- ' RSR RECEIVER
%555

BUILT-IN POWER SUPPLY
The R.S.R. can be used on either 110 volt A.C. or D.C. Unlike
most universal sets, it has been equipped with entirely adequate

METERY

VERY old- timer remembers
A. ]. Haynes, of the old
Haynes-Grifin Co., who gave
us the first tickler regeneration, Kkit
receiver in 1922 (Haynes D-X circuit)
and the famous Haynes Super-
Heterodyne in 1924, before com-
mercially built “supers” were avail-
able. Mr. Haynes established an
enviable reputation for never sponsor-
ing a circuit or set that was not
technically correct and fool-proof.

It is gratifying to us that he should
choose the RADIO CONSTRUC-
TORS’ LABORATORIES to build
the final model of his new R.S.R.
receiver, and he has authorized us to
duplicate this receiver for our cus-
tomers.
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9¢61 YIEW



Here is a communication type receiver which will'deligh't the
lieart of the all-wave enthusiast. Although it is primarily designed
for efficiency on the short and ultra-short waves you will be sur
prised by its selectivity and tone quality on the regular broadcast
band.

Band switching is used (5 bands with 5 separate coils) from 535
meters down to 15 meters with R. F. amplification plus regenera
tion—no plug-in coils.

Electron regeneration coupling with dual regeneration controls,
allowing the R. F. feedback and detector tube impedancp to.be
adjusted separately, providle PERFECT regenerative amplification
over this entire range, while electrical plus mechanical band
spread, with a large 4-inch airplane dial, gives precise, non-critical
tuning.

There is no band capacity; nor is there any spot ip the entire
frequency range which cannot be “tuned in” with smooth,
maximum regenecration.

SUPER REGENERATION BELOW 15 METERS

From 15 meters down (and down means well below 2}% meters)
an exceedingly stable super-regenerative circuit is brought into
use by merely turning the small switch knob just below the
speaker. The entire super-regenerative tuner is mounted on a
hard rubber sub-base panel with exceedingly short leads.

Plain, two-contact coils are used for all frequencies below 15
meters and simply plugged into the two pin-jacks on the sub-
panel. Only one coil at a time is used and as the maximum
capacity of the ultra high-frequency tuning condenser is only
5 mmf., non-critical electrical band-spread is attained down to
the very lowest wave lengths.

When using super-regeneration, hiss control is obtained with
the 50,000 ohm potentiometer that provides vernier generation
control on the longer wave-lengths (located at lower right of
panel). This allows for the most sensitive “super” adjustment,
minimizes radiation and lets the hiss level be reduced to the
vanishing point.

filtering and by-passing (a 60 mf. filter condenser block is used)
which has wiped out the line hum, usually associated with this
type of power-supply, even when earphones are used.

Most radio men prefer to use earphones for fine work and they
are particularly useful on the ultra-high frequencies. A phone
jack is provided on the back of the R.S.R. chassis, and when
phones are plugged in, the speaker is automatically cut out and
entirely silent.

Either metal or metal glass tubes used.

The Haynes R.S.R. has been designed with the new octal metal
tube sockets, which will permit the use of either metal or metal
glass tubes. We recommend the metal glass type as being equally
efficient, and less expensive than the all metal type. The only
exception is the super-regenerative detector which uses a glass
76 tube, We find that the latter will go on down to well below
214 meters because of its lower inter-electrode capacities. Metal
glass tubes used are 2—6K7’s, 1—43 and 1—25Z5.

YOU WILL NOT BE DISAPPOINTED
IN THE “HAYNES R.S.R.”

We are making some pretty strong claims for this receiver but
we guarantee that you will find the Haynes R.S.R. one of the
smoothest_ operating and most stable regenerative, or super-
regenerative sets that you have ever handled, regardless of price!

It is‘ not on[y an excellent D.X. receiver for foreign broadcast
reception t'>ut is a sweet job on the ultra-high frequencies giving
really efficient reception over the 5 and 10 meter ranges.

ORDER DIRECT FROM THIS AD.

Price of complete Haynes R. S. R. receiver—wired and tested in our
laboratory—with black crackle hinged top cabinet, s 65
dynamic speaker and 5 tubes (2-MG&K7's, 76, MG43, 24
MG25Z5) ready to plug in and operate

$1495

Complete kit including wired switch coil assembly,
less only cabinet and tubes

RADIO CONSTRUCTORS
LABORATORIES

RACO
PRODUCTS

136 LIBERTY STREET, DEPT. H. W.
NEW YORK CITY, N. Y.

EXPORT DEPT.: 105 HUDSON ST.  NEW YORK CITY

a1Tdyom 0I1Idvyd g6 ‘UdIely
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R is the a.v.c. filter resistor, C the filter capacity in the controlled circuit (left). (R meg. 4+ RAF meq.) X
C mfd. should be between .04 and .09 for a.v.c. action not too slow or too fast. At right, correction
of distortion by holding the audio impedance of the diode load resistor about the same as the d.c.

resistance.

One of two diodes is idle in both circuits.

Curing Troubles in A. V. C. Circuits

By Louis Kranz

A UTOMATIC volume control has introduced
more difficulties in servicing than any
other single development in the past few years.

One otg the troubles is that the a.v.c. may be
too slow in effect, resulting in no reception for
an instant, though the receiver is tuned to a
station, and then the music comes in and there
is no further trouble while listening to that sta-
tion. However, in turning to other stations the
same fault naturally repeats itself, and if one
tunes rapidly the peril of passing over stations
is enhanced, especially strong stations of all
things. That is true because the a.v.c. tends
to be less effective on weak ones, and some sys-
tems have time delay, meaning that a.v.c. is
not applied at all until the rectified component
of the i.f. channel reaches a certain level. It
would be true in t.r.f sets also, but not many
of them have a.v.c.,, and it is usually preferable
to omit a.v.c. from such sets for sensitivity rea-
sons, and to a smaller extent, selectivity reasons.

Getting Rid of Sluggishness

The sluggishness of the a.v.c. may be re-
moved by reducing the capacity of the con-
densers bypassing the filter resistors. Always
there is a resistor between the grid return end
of the tube in the controlled circuit and the
a.v.c. load resistor, and the condenser is from
the joint of coil and filter resistor to B minus or
ground, usually the same line.

If the resistances are measured the sluggish-
ness may be avoided, and also the companion
trouble of too fast an action, which tends to re-
move modulation of upper frequencies of the
audio spectrum, by selecting the proper capaci-
ties across these resistors. The way to figure
the resistance is to measure it from end of the
coil to ground, not merely the resistance be-

tween end of the coil and diode load resistor.
Then select a capacity so that when the resis-
tance is expressed in megohms and the capacity
in microfarads the resultant figure lies between
.04 and .09. This figure is called the time con-
stant. Or, since the resistance is known, be-
cause measured on an ohmmeter, divide the re-
sistance in megohms into a selected time con-
stant, say, .06, to ascertain the capacity. Thus,
if the resistance is 600,000 ohms, which equals
.6 meg, then .06/.6 equals .1, which is the value
in microfarads, so use .1 mfd.

Some Leeway Provided

Each circuit is individually treated this way,
and the result is that the time constant is just
about right. If the capacity turns out to be an
odd one, since we have seleced a medium time
constant, the next even capacity obtainable may
be within 60 per cent. of the computation, either
direction, and still safety prevails.

If one has an ohmmeter that does not read
very high resistance values, say, not above 1
meg., the resistors may be measured separately,
and then totaled, or a resistor within the ohm-
meter scale may be measured independently,
then put in parallel with the higher unknown,
and the new quantity measured, the value of
the resistance found in the circuit being com-
puted. It is equal to the product divided by the
difference, using the two values, the single
separate resistor, and the resistance when this
separate unit is in parallel with the unknown.
The formula is Rx = (R1 X R2) / (R1 —R2),
where R1 is the larger of the two resistances,
that is, the separate resistor, and R2 is the
equivalent resistance when R2 is in parallel
with the unknown.

Besides the time constant problem there are
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other serious considerations, and remedying the
troubles will improve the reception a great deal.
1t is intended that a.v.c. shall act as an aid to
tone quality, by preventing overloading, but
other factors are sometimes introduced that in-
Jure tone, For instance, there is capacity
enough between the diode and the triode or pen-
tode, where two tubes are in one enveloge, to
permit radio irequency voltage in the output
plate circuit (the one going to B plus). A
condenser of .00025 mfd. from plate to cathode,
or plate to ground, it makes small difference
which, will remedy this trouble.

Both diodes used. At left, correction for too sharp a.v.c. action by using primary as feed.
av.c. is present, equal to the voltage drop in the biasing resistor in second tube.

sistance. Suppose the load resistor is .5 meg.,
then if a common higher resistance is used,
looking toward the controlled tubes—in other
words, the nhrst filter resistor—the other re-
sistors may be relatively small. The a.c. and
d.c. load impedances are than maintained about
equal. They should be as nearly equal as pos-
sible, so that high percentage modulation can be
handled without distortion.

Reasonable Resistance Values

This trouble is prevalent where the a.v.c.
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Distortion due to

out of phase a.f. arising from r.f. coupling between diode and grid is corrected by .00026 mfd., plate to
ground. The .00025 mfd. across .| meg. grid load allows no signal through at zero settling of poten-
tiometer. At right, three tubes controlled.

Also the grid circuit of the amplifier tube in
the same envelope as the diode may develop a
considerable radio frequency voltage due to r.f.
coupling by capacity between diode plate and
grid, and this condition is avoided by putting
a .00025 mid. condenser across the resistor.

Although the fact seems not to be well un-
derstood, the grid circuit is effectively in paral-
lel with the diode load circuit, as far as audio
frequencies are concerned. Usually there is a
resistor of 500,000 ohms from return of the
diode input coil to cathode or ground. Across
this resistor the audio frequency pulses are de-
veloped, hence the output is taken from this
source for delivery to the rest of the audio am-
plifying channel, even if only one power tube
constitutes the remaining means of audio am-
plification.

Effect of A. V. C. Filter

The practice has been, up to the present, to
use a high value of grid load resistor to reduce
the shunting effect, but little consideration has
been given to the fact that also in effective
parallel connection with the diode load resistor
is the resistance network of the a.v.c. con-
trolled tubes. This includes the filter resis-
tors, the effective value of which, by the way,
is slightly reduced by the plate circuit resistance
of the tubes served, but this quantity is too small
to require special attention,

Of real import is the fact that the resistance
looking out of the diode rectifier, that is, tied
to the high side of the a.v.c. rectifier circuit,
when that is the same as the audio supply,
should be high compared to the diode load re-

voltage is taken from the single diode rectifier
that also serves for audio supply, that is, direct
coupling or stopping condenser and grid leak
are used to convey the audio impulses to the
grid circuit of the dual purpose tube, and the
same d.c. voltage supplies a.v.c. It is there-
fore preferable to have a common a.v.c. filter
resistor, after the diode, so high in resistance
compared to the the d.c. load on the diode as
not to impair the a.c. impedance of the load
under different conditions of manual volume
control setting or a.v.c. action.

A reasonable solution would be to insert a
common filter resistor four or five times as
large as the diode load resistor, say, if the load
is .5 meg., use 2 or 2.5 meg., and then smaller
resistors may be used in the individual return
filter circuits of the controlled tubes. Such
remedy naturally requires that the time con-
stant be reconsidered, since now the required
or permissible capacities will be much less.
However, if the individual filter resistors are
small compared to the common filter resistor,
say, .1 meg. compared to 2 meg. or more, then
the capacity may be computed on the basis of
the 2 meg. value alone for a time constant of
.06, requiring .03 mfd. in each position.

Use of Both Diodes

As there are two diodes in the multipurpose
tubes of the nature now under discussion, and
as one of the metal tubes is simply two diodes
in one envelope, it is preferable to use both

(Continued on nex! page)
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diodes rather than to leave one idle, if a.v.c. is
to be enjoyed, for then the rectification for audio
purposes may be made separate from the recti-
fication for a.v.e. There is no point to tying the
two diode plates together, as the rectifier resis-
tance is simply halved, current capacity doubled,
aud the current drain anyway is not such as to
ovartax a single diode.

. «f one diode is used only for a.v.c. the ques-
tion arises how to take off the carrier (usually
if. wave) for rectification for a.v.c. It is prefer-
able to acquire the a.c. voltage from the plate
circuit of the previous tube, using the charac-
teristics of the primary, which are broader,
and therefore the change in bias due to a.v.c.
is not so acute for small detuning.

Easier Tuning

When the slightest off-resonant condition
causes a large change in bias voltage there will
be distortion due to high audio frequency at-
tenuation. Therefore tuning is-made easier with
the primary used as source and the tone qual-
ity is not injured for small or other values of
frequency detuning at the r.f. or relative if.
level. For detuning to the extent of passing by
the station entirely, of course there is no point
to correction, but there is great value in having
the a.v.c. work smoother and never be a source
of audio frequency*disc;imination.

%

The following are contributed by RCA
Manufacturing Company, Inc.:

Time Constant of 6E5 Circuit

When the 6E5 is used as a tuning indicator,
its grid is connected to the a-f diode through
an a-f filter which consists of a series resistor
and a shunt condenser. The time constant of
this filter is important in determining the rate
at which the target shadow increases or de-
creases. If the time constant is small and the
dial is turned rapidly through resonance, the
fluorescent area overshoots the value corres-
ponding to slow tuning; if the time constant is

too large and the dial is turned rapidly through
resonance, the change in area will be less than
that corresponding to slow tuning. In either
case, it may be difficult to tune to resonance. In
general, the time constant of this circuit should
be about the same as that of the a-v-c system,
so that the voltage applied to the grid of the
GES follows the a-v;c \;oltfge.

Dead Spots in Receivers

The cause of dead spots in the tuning range
of many receivers has been traced to absorp-
tion of energy from the active tuned circuit by
an adjacent unused circuit. This condition is
prevalent in three-band receivers that have three
r-f coils inside a single shield-can. Usually,
two of the unused coils are connected in series
and short circuited. The larger of the two un-
used coils acts as an r-f choke in PARALLEL
with the small coil; the small coil is then free
to absorb energy from the tuned circuit in use.
The remedy in this case is to short-circuit the

unused coils individually.
* % *

Rectifier Tube Shields

Shields for glass rectifier tubes usually have
a number of holes to provide ventilation for
the tube. Increase in the size or number of
holes decreases the operating temperature of
the tube, but at the same time reduces the
shielding action. This laboratory has found
that black paint on the inside and outside of
the shield increases heat radiation to such an
extent that fewer holes are necessary to provide

bulb cooling. . u

84 Current Rating Increased

The maximum current rating of the type 84
rectifier tube has been increased from 50 to 60
milliamperes for full-wave operation. The cur-
rent rating for half-wave operation with both
diodes in parallel remains at 75 milliamperes,
maximum.

Expander for Phonograph Amplifier
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Limitation of phonograph recording to minimum volume levels, does

not take care of large volume changes, as in a symphony recording.

Full volume range may be achieved nevertheless by use of a volume

expander (diagram above}. The degres of control is limited by the
noise level of the room.

The volume expander
N corrects for amplitude
Hid. 6He distortion in phonograph
. records. The pickup is fed
to Gl of the 6L7 and to

| the 6C5. The output of

] the 6C5 is rectified by
r-=? 6HS6. Positive of the diode
load goes to G3 of 6L7.

When signal is applied

the 6L7 gain increases

proportionately. The di-

ode load time constant

| (megohms times micro-

farads) should be .25 to

5. second. Gl input is

limited to one volt. P ad-

justs G3 bias so at no sig-

nal the plate current is .15

ma. No further adjust-

ment of P is necessary.
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New Crosley Chassis Has Volume Expander

A volume expander of an original type is in-
cluded in the new Crosley receiver, chassis
1185, which is contained in different cabinet
models, one of which is known as the Barken-
tine. The expander is called the Auto-Ex-
pressionator,

Powel Crosley, Jr., president of the Crosley
Radio Corporation, said:

“Because of the limitations of transmitting
equipment it has not been possible to broadcast
the full volume range of the loud passages of

music. Therefore, the engineer-musician who
sits at the controls during a broadcast watches
the needle on the panel that indicates the signal
strength and reduces the volume when it be-
comes too great. At the other extreme, the
light and soft sounds are so faint that the signals
would be lost in remote places were they not
increased in volume by the man at the control
panel, Expression is thus impaired to the extent
that the volume range is restricted.

Puts Back What's Left Out

“The orchestra leader realizing the limita-
tions of the equipment is compelled to reduce
the volume and expression accordmgly. Thus
he does not give full expression to the music in
the first place. The Auto-Expressionator not
only restores what has been monitored out at
the control panel, but amplifies the crescendos
played by the orchestra so that the music is
received in the way it would have been played
were it not for the restrictions previously ex-
plained.

“For these reasons it has been impossible in
the past, regardless of the type of radio used,
to get the program in its full volume range—
and conscquently its full variation of expression
—as played in the studio for the very fact that
it was not broadcast in-its full volume range
and emphasis in the first place. People never
received a program as it actually was played;
instead, at the best, they received only what the
man at the control panel gave them.”

The method is somewhat similar in principle

The two lamps used in the volume expanding
citcuit of the new Crosley chassis.

to that of the Wheatstone Bridge for testing
resistance. It consists of a division of the cur-
rent into two paths. Two small bulbs, similar
in appearance to flashlight bulbs, but with spe-
cially constructed filaments, cause more current
to flow through one path than through the
other as the vclume increases. For example,
as the orchestra increases its volume the Auto-
Expressionator procuces a greater proportional
increase in speaker volume.

Bass Compensation

“The Auto-Expressionator operates con-
tinuously during the time it is turned on, even
though the bulbs may not be illuminated. In
other words, their expressionating effect is im-
mediate and automatic. The radio may be oper-
ated with or without the Auto-Expressionator
by means of the switch on the front panel of
the receiver.”

(Continued on page 57)

Compare Designations Below with List on Page 57

AA,

Icc

O@.

aé!W'. i

© O wr
3871w B PARALLEL
TRMMERS

""

G

;«,{ﬁ__,%w
f]“" )

o # txﬁéz —

e, [k
‘id‘é‘l"’ 2 ”EX? .
-
L' u L

¥ OV U
CCMEH TR,

3
2% 267 v
0 \u—'

i

15 7 Vil e

L..
e

Top view {left) and bottom view, with parts and tubes identified.
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Item

No. Description
49B 300,000 Ohms, ¥ W. Insul.
49C 300,000 Obms, ¥% W. Insul.

50 400,000 Obms, % W. Carbon

S1A 500,000 Obms, % W, Carbon
S1B 500,000 Ohms, % W. Carbon
51C 500,000 Obms, % W, Carbon

52 1. Megobm, % W. Carbon

54A 1.0 Obms, 1 Watt
54B 1.0 Ohms, 1 Watt
gz 220 Ohms, 2% W. Flex.
S7A 350 Ohms, % W, Flex,
S7B 350 Obms, ¥ W. Flex.
§7C 350 Obms, 3% W. Flex,

58 20 Obms, Wire Wound
4000 Ohms, Wire Wound
4000 Ohms, Wire Wound
60 2600 Ohms, 135 W, Flex.
61 1400 Ohms, 34 W.

62 1650 Ohms, 1% W.

63 2000 Ohms, 1% W.

64 15,000 Ohms, 1 W.

65 10,000 Ohms, ¥% W.

66A Type 5Z4
6B  Type 5Z4
67 Type 6CS
68A  Type 6F6
68B Type 6F6
68C Type 6F6
69 Type 6H6
70A Type 6K7
70B Type 6K7

71 Type 6L7

e

Description

Auto-Expressionator
Band Selector
Ant. and Ground

Audio

Base Compensator

60 Cycle, 110 V. Power
Universal Power
Push-pull Output
Shadow-graph

1st A. F. Grid

Driver Grid

6400 Ohms

.017 Mfd., 200 Volt

.001 Mfd., 400 Volt

5000 Ohms, % Waty

200,000 Ohms, % Watt

Dial Light

Dial Ligbt

Diat Light

Indicator Light
Auto-Expressionator Ballast
Auto-Expressionator Ballast
Auto-Expressionator Ballast

Ant. 1900-6000 Ke.

No. Description
6 Ant. 6-18 Mc.

7 ist 1. F. 450 Ke.

8 2nd L F. 450 Kec.

9 Osc. 150-400 Kc.

10 Osc. 540-1900 Kc.

11 Osc. 1900-6000 Kc.

16 R.F 618 Mc

17Z 25 Mfd., 25 Volt
17Y 12 Mfd., 25 Volt
18A 35 Mfd., 400 Volt
18B 35 Mfd., 400 Volt

19 40 Mfd., 300 Volt

20 .0056 Mfd., 300 Volt
21 .000025 Mfd., 200 Volt
.0001 Mfd., 200 Volt
0001 Mfd., 200 Volt
23 .00025 Mfd., 200 Volt
24 .00025 Mfd., 300 Volt
25 .006 Mfd., 400 Volt
.004 Mid., 400 Volt
.004 Mfd., 400 Volt
27 .01 Mfd., 400 Volt

28A .01 Mfd., 400 Volt
2B 01 Mfd., 400 Volt
29A 02 Mfd., 160 Volt
29B .02 Mfd., 160 Volt
30 .02 Mid., 200 Volt
31A .05 Mfd., 200 VoIt
31B .05 Mfd., 200 Volt

TUBE SOCKET VOLTAGE READINGS FOR CROSLEY 1155 CHASSIS

Tube Function
6K7 R. F. Amplifier
6L7 Modulator

6C5 Oscillator

6K7 I-F  Amplifier
6H6 Diode Detector
6Q7 A, F. Amplifier
6F6 Output Driver
6F6 (2) Output

5Z4 (2) Rectifiers

VOLTAGE DROP ACROSS SPEAKER FIELD 125 VOLTS. POWER OUTPUT APPROXIMATELY 15.5

P
238
230
140
230
155
210
360
360

S Su G
100 0
100 — 0

= = —5 to —30

95 3 0

— - 0
210 - 0
235 - 0

POWER CONSUMPTION APPROXIMATELY 140 WATTS. ALL READINGS TAKEN ON

WATTS.
117.5 VOLT POWER SUPPLY.

‘Four Bands of latest Crosley chassis, No. 1155

The foxr bands covered by the Crosley set are shown in table at right.

parallel trimming are stated also.

The tiedown frequencies for series and
The highest frequency band has no series alignment, as nowe is needed.

Description

.05 Mfd., 200 Volt

.05 Mfd., 200 Volt

.05 Mfd., 200 Volt

.05 Mfd., 200 Volt

.05 Mfd., 400 Volt

.05 Mfd., 400 Volt

.05 Mfd., 400 Volt

.3 Mfd., 160 Volt

Single Ant. Trimmer

Double Section Osc. Trimmer

F. Trimmer

Ant. Triple Sec. H. F. Trimmer
Pol. Trimmer
B. C. Trimmer
H. F, Trimmer

R. F. Triple Sec. Pol. Trimmer
B. C. Trimmer
H. F. Trimmer

Triple Sec. Osc. Pol. Trimmer
B. C. Trimmer

L. F. Osc., Seriea Trimmer

B. C. Osc. Series Trimmer

Pol. Osc. Series Trimmer

3 Section Var. Tuning

Power Supply

Speaker

40,000 Ohms, % W.

100,000 Obms, % W. Insul.
100,000 Obms, % W. Insul.

300,000 Obms, % W. Insul.

SERIES AND SHUNT PADDING

150 —
540 —

1

K Go FREQUENCIES

3 - Shunt Serles
3.5 —5 to —30 t Alignment
- - Weatber Band (BLUE)....... . 40 Kc 150 Kc
3 - American Broadcast Band (RED) 1700 K¢ 600 Kc
- - Police Band (GREEN)......... 6000 K¢ 2500 Kc
1? - High Frequency Band (VIOLET) 18000 Kc

17 —

FREQUENCIES OF THE FOUR BANDS
BLUE

RED
GREEN 1900 —
VIOLET 6000

400 Kilocycles (U. S. Weather

Reports)

1900 Kilocycles (American Broad-
cast Band)

6000 Kilocycles (Police and Ama-

teurs)
9000 Kilocycles (High Frequency
Band)

dTI0oM O0I1dVvyd 9¢61 ‘YoIB
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Signal Generator Practice

CoiLs cap

=4
3
A
.0

A

B S A5

Circuit diagram of battery operated signal gen-

erator that has modulated-unmodulated service

and attenuator. Plug in coils are used and charts
consulted for frequencies.

THE diagram herewith
is that of the Read-
rite Model 554-A Signal

Generator. The bands
covered are:
A— 100to 330 ke

B— 325to 1,150 ke

C—1,000to 3,400 ke

D—3.000to 9,200 kc

E—9,000 to 20,000 ke

The device is battery-
operated.

The fundamental use of
a test oscillator is to re-
place the broadcast signal
for test and adjustment
of radio receivers. Of
special importance to the
servicemen are the fol-
lowing uses:

Alignment of if., rf.
and oscillator padding
circuits.  Checking the
condition of tubes. To
determine the gain in any
part of radio receivers.
For testing a.v.c. circuits.
For checking selectivity.
Unless the manufacturer
of the receiver instructs
otherwise the .following
sequence may be followed
in the alignment of a ra-
dio set:

The wvarious tuned
o circuits of the if.

amplifier are first aligned
properly at the interme-
diate frequency for which
the amplifier was de-
signed.

2 The oscillator paral-
e lel trimming con-
denser should then be
adjusted at about 1400 kc.
so that it tracks properly
at the high frequency
end of the dial. Adjust
the series padding con-
denser at about 600 kc so
that it tracks at the low
frequency end of the dial.

Align the radio fre-

e quency, the pre-se-
lector, amplifier or tuned
circuit last.

If double spot or im-
age suppression eircuit is
employed in the receiver,
the manufacturers’ in-
structions should be con-
sulted for the proner
procedure. Maximum
transfer of energy in out-
put is only obtained when
every section is synchro-
nized properly.

Testing Tubes

.To determine the con-
dition of tubes feed the

the signal from the oscil-
lator to the aerial and
ground connections of the
receiver. Connect an out-
put meter to the radio set
as described under the
heading “Output Meters”,
substitute new tubes for
those in the radio set, one
at a time and if the out-
put meter indicates a
greater value when each
new tube is placed in the
set the original tube
should be replaced.

To determine the gain

AX. in any part of the receiv-

er connect output meter

- as before and feed signal

to aerial connection of
radio set. Adjust oscil-
lator to a high output and
move the oscillator aerial
connection to each suc-
ceeding r.f. or i.f. stage,
noting the drop in the
output voltage as shown
on the output meter. Al-
ways use the proper fre-
uency and proper scales
for the output meter.

To check a.v.c. to de-
termine when it is func-
tioning properly, wide
changes in the alignment
with a large signal vol-
tage should produce no
appreciable change in out-
put.

To check selectivity
feed a signal of low value
to aerial and ground con-
nections, tune oscillator
to perfect resonance,
move oscillator signal dial
until signal disappears.
Note number of kilocy-
cles between resonance
and inaudibility.

The accessories: A and
B batteries and two type
30 tubes, which are ac-
cessible by removing the
coil panel, five coils
marked A, B, C, D, E,
and one pair of oscillator
shielded cords.

Operation

After determining the
frequency to be covered
insert the proper plug-in
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coil in 6-hole sacket in
shield can which is ac-
cessible by removing the
nickel cap near the toggle
switch marked ON-OFF.
Connect oscillator Max-
imum and Ground jacks
with the cords to the ra-
dio set as previously de-
scribed. Set the attenua-
tor to approximately 75
on the dial. Set toggle
switch marked MOD-
UNMOD to position de-
sired. Generally speaking,
all oscillator alignments
are made with a modu-
lated signal. Consult
graph chart for the coil
selected. Note dial set-
ting for the frequency
desired. Set dial pointer
of frequency selector dial
to the position as shown
on graph. Turn oscillator
power on by throwing
the OFF-ON switch to
the ON position and at-
tenuate the signal to de-
sired level by rotating the
attenuator control so that
a minimum signal is
reached. If further re-
duction in signal strength
is wanted use jacks
marked Minimum and
Ground. The oscillator
cord is shielded and the
shield is also the ground
connection.

Output Meter

An output meter
should always be connect-
ed to the radio output
when using a signal gen-
erator.

To avoid serious en-
ergy loss the output me-
ter should be connected
between the plate of out-
put tube and chassis. If
the output meter does not
have a condenser there
should be a condenser in-
serted in the output plate
lead. This will prevent a
burnout of meter.
mfd. 400 volt condenser
is suitable. For sensitive
a.c. meters the connection
may be made to the voice
coil without condenser.

Batteries should be re-
placed when they have
depreciated 33%. Make

voltmeter tests to determine battery strength. When it is deemed
necessary to change tubes a tube of similar characteristics as that
supplied with the oscillator should be used.

Readrite 554A signal generator connected to aerial and ground posts
of a set. On the console top rests a Readrite output meter, connected
to voice coil of receiver's speaker. Above, a closeup of the signal
.generator. Connection through a .| mfd. condenser to plate of
output tube is more useful for low sensitivity output meters.
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Answers to Questions on the Building and Servicing
of Radio and Allied Devices.

Variable Coupling I.F.

H OW s the coupling changed in the new in-
termediate frequency transformers?—E.
C. H.

The coils are on plat-
forms. One platform is
actuated by rods. By
anchoring a rod to the
side of a cam, with cam
attached to a shaft ex-
tending through the front
panel, the rotation of
the shaft by knob action
moves the winding up and
down. The Hammarlund
variable  coupling if.
transformer is illustrated.

o

* x %

Power Output Determination

HOW would you suggest that the output
power of a small five meter transceiver
should be measured at the sending position?—
L. D. C

Accurate frequency power output measure-
ment is always something of a problem. The
simplest approximation we can suggest is that
you get two pilot lamps that light up with
seemingly equal brightness when the same volt-
age is put across them (lamps in parallel.
Measure the oscillator d.c. plate current with
antenna attached, then remove the antenna and
wind a few turns of wire, lamp connected to
coils terminals. Now inductively couple the
lamp to the tank circuit, so that the lamp
lights, the coupling being such as to maintain
the plate current at the value found previously.
Then light the other lamp from a d.c. source to
equal brilliance while the other is being lighted
by the high frequency, measure the current
through the d.c. lamp, also the voltage applied,
which may be varied until brilliance is equal, and
then compute the wattage in watts as voltage
in volts times current in amperes. This then
may be taken as the output power. The stunt
was tried with a 6.3 volt pilot lamp that at 6.3
volts drew 200 milliamperes (.2 ampere). The
coupled lamp shone to approximately equal
brilliance, as near as the eye could determine.
Therefore the power in the d.c. operated lamp
was ascribed to the transmitter output, approxi-
mately one and a quarter watts.

Theory of 6B5 Tube

ILL you please set forth the reasons why
W linearity of performance is attained with
the 6B5 tube, especially in view of the im-
pedance variations, and the recommended, in-

deed inevitable, use nevertheless of direct
coupling.—L. K,
In the 6B5 dual triode tube a signal

impressed on the No. 1 grid produces a current
through the grid to cathode impedance of the
output triode and develops a voitage across
this impedance which is the signal input to the
output triode. As found from a plate current vs.
plate voltage curve, the operation of the output
triode in positive regions is extremely linear.
A study of the distortion characteristics then
evolves into the study of the e vs. e curve.
If es is a linear function of e: the system will
be free from distortion.

The voltage es is the product of the current
ii and the grid impedance R. Now #H =
Hey w1 R

Ry+R  Ry+R
‘e

or iy =

, Ry + R (1 + #)
smce es = i1 R
rer R

Rp+R (144)

e: is then a function of the variables R and
R,. These two variables are a function of the
signal voltage or e.. If we now assume that
the ratio of R and R, is a constant A, the
equation becomes

retAR,
€2 — - .

R,+AAR,. (14w 14+ A (14 ¢

N
f K=—
14+A(14w)
Then es = K e,

Now the linearity of the complete system
depends upon the ratio of R and R, being a
constant. That this is true is proven by the
curves of the tube performance. However,
it can be shown graphically just how these
impedances vary. The plate impedance of the
input triode is a function of its grid bias. Now
a dynamic curve can be taken and the slope of
the curve will be proportional to the R, of the
tube. If the R, does not vary the curve will be

€ =
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a straight line. The value of Rw in the cathode
circuit is equal to the static grid impedance of
the output tube. The curve is not a straight
line and R, varies. A dynamic grid current
vs grid voltage curve of the output tube would
show the instantaneous input impedance is pro-
portional to the slope of this Ie curve. This
impedance varies similarly to the R, of the driver
tube. Through proper design the phase relation
and curvature of the two curves are made such
that the impedances vary together resulting in
a linear relation between es; and e.. This com-
pensation is the one thing that makes direct
coupling possible. If it were not for this the
advantages of positive grid operation of a high
mu triode could not be realized, due to the difh-
culty of driving a nonlinear impedance such as
this grid and supplying the power required.
* x *

Short Wave Coils

S it necessary to use air wound coils for

very short waves, and especially ultra short?
About what is the resistance effect of the
form?—L. L.

The resistance of the coil to radio frequencies
is increased when the coil is wound on an in-
sulating form. Of course a conductive form
is not used, unless of the special type designed
for increasing the electromagnetic field. The
use of good insulating terminals, compared to
free ends, will increase the resistance of a
given coil from 2 ohms originally to 225 ohms
at 600 ke, from 9 ohms to 9.5 ohms at 1,500
ke, and from 12 ohms to 15 ohms at 3,000 k.
Using a complete form for winding, the in-
crease may be greater, but it is not serious, as
other factors enter to increase the resistance,
usually out of proportion to the small increase
due to the form. Shielding, for instance, creates
a much higher resistance, and mere placement
of an unshielded coil close to a metal chasis
has about the same effect. The resultant
rigidity, especially when using finer wire than
usual, makes the use of a form often highly
advisable.

* * x
Cures for Hum
W ILL you please give me some pointers
on reducing or eliminating hum from a
broadcast receiver >—K. L.

If you use an audio transformer, place it at
the end of the chassis opposite to the one oc-
cupied by the power transformer, or at least
as far from the power transformer as possible.
If the speaker output transformer is on the
chassis the same applies. The increased length
of the leads is of not much consequence, as
audio frequencies are concerned. If the re-
moteness recommended can not be conveniently
established, put a shield over the audio trans-
former, consisting of a high permeability cas-
ing. This is commercially obtainable. Iron is
often not a sufficiently good shield. * The high
permeability metal consists of a patented alloy
of one kind or another. There are several
varieties. If the center tap of the heater wind-
ing serving the r. ., i. f. and detector and other
tubes is connected to ground, try making the
connection to the cathode or filament side of

the biasing resistor of the power tube or tubes.
If resistance coupled audio is used, interrupt
the plate load resistor with another of about
the same resistance value, that is, between the
end of the load resistor other than plate, and
B plus, and from the joint put a high capacity
condenser, say, 8 mfd. electrolytic, negative of
condenser to ground, positive to joint. This
often makes a very effective hum filter. An-
other place to put such a filter is in series with
the grid return of the power tube, the resistor
being .1 meg. or higher, condenser inserted as
before. But the total d. c. resistance in the
grid circuit should not exceed the value
recommended in tube manuals for the type of
power tube used. Sometimes grounding the
speaker frame, or cores of all audio trans-
formers, including output transformer, helps.
Interrupt the lead from B plus to the r. f.
and i. f. tubes with a 1,000 ohm resistor and
put a condenser of .1 mfd. from the tube side
of the resistor to ground. If these suggestions
do not carry out the purpose entirely, increase
the filter capacity next to the rectifier, that is,
put 8 mfd. or so more from rectifier filament to
negative.
* % *
Difference Between Screws

ILL you please show the difference
between wood screws and machine

screws? I am a boy who lives on a farm
with my aunt, and she can not explain the
difference.—L.E.

The illustration shows wood screws at ex-
right and machine

treme left and screws

(o

Difference between wood screws and machine

screws, illustrated for the benefit of a farm boy

whose aunt, with whom he lives, can not supply
the vital information.

between them. Of the two machine screws.
one is shown with nut affixed. The wood
screw is sharply pointed, so it can be driven
into wood readily with a screwdriver. The
machine screw is to be passed through a drilled
hole, usually in a metal piece, and is fastened
with a nut put on the foot of the screw. The
machine screw has a flat foot, so to speak.
Show this to your aunt.
* o %
Formula for Inductance

WILL you please give a formula for ob-

taining the pure inductance of a coil

(eliminating the distributed capacity as an “ap-
(Continued on next page)
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The ONLY TWO Companion Devices
for Reducing Noise on ALL Waves

RO S
a
Gl AT |
LAAIMBID — |
-

LYNCH HI-FI
Assembled Antenna

All ready to hang. Saves
90% of installation time.
Any novice can install it—
quickly, easily, correctly,
Makes every set perform

?:;ter. Results are smas-
QURELS $6.75
ANTENNA Mist
NOISE REDUCING TWINS
LYNCH
FILTERADIO

\\\\
Cuts out objection-
able noise from the !F\
light line.  Makes S s
interference from cir-
cuft breakers, motor
generators, etc., prac-
tieally nezlixlble
Easy to install; eim-

ple to adjust. One
type serves
all purposes.

llst ‘\___/
Be sure and see these NOISE-REDUCING
TWINS at your Jobber’s or dealer's. If they
eannot supply you, order direct. Write
for folder.
ARTHUR H. LYNCH, Inc., Dept. RW,
227 Fulton Street, New York
Pionesr of Noise-Reducing Aerials

RADIO UNIVERSITY
(Continued from page 61)

parent inductance”), answer to be in micro-
henries>—C. L.

The formula you request is as follows, where
Lmh is the inductance, Fkc the frequency, C the
larger and c¢ the smaller capacity; for funda-
mental and second harmonic:

Lmh = 19,000/Fkc2 (C mfd. — ¢ mid.)
The use of a calibrated condenser is required,
also frequency F in kilocycles. the second
harmonic of which is tuned in at setting ¢ mfd.
If F could always be 138 kc then L could be
1/(Cmfd—Cmfd). For the broadcast band
1,380 kc could be used, with numerator equal-
ing 100, for another band F* would be 13,800
and the numerator 10,000. Preferably the un-
known should be used in its entirety, primary
included, in an actual circuit, so the generator
frequency would be fed to an amplifier tube,
and the unknown is the coil feeding a tube volt-
meter biased to cutoff.

* ® x

Loop Operated Battery Set

A S I live in a locality where there are two
strong locals that come in from opposnte
dxrectlons, may I not use a loop so as to mini-
mize or eradlcate the interference from these
statxo\r,'l;? There is no electncnty where T live.
~I

You may use a battery operated superhetero-
dyne such as has the frame coil antenna or
loop connected to the input. There will be con-
siderable improvement in the directional selec-
tvity that you require. Also the receiver, if
made portable, could be used for finding the di-
rection of a transmitter provided one operated
in the clear, away from objects that would
cause reflections and deflections, and thus ob-
scure the reality. The finding would be as to
the line of reception, but would not disclose
whether the carrier originated from one or the
other “sense.” The direction therefare is am-
biguous to 180 degrees. The “sense” is the
elimination of this ambiguity to isolate the
source. A balancing system is necessary to de-
termine the sense.

LESS OSCILLATOR LEAKAGE

Where a tube is used as strong oscillator, as
in a signal generator, a triode often is prefer-
able because leads are shorter and leakage less.
An amplifier or buffer stage is then advan-
tageous.

AIR SCOUT JUNIOR
DOLLAR RADIO KIT

“‘Only Kit of its Kind in theWorld™

Thousands of these powerful radio receivers now in

use, giving wonderful results. The AIR SCOUT
JUNIOR is a real radio—s worthy companion to ths
world famous All Wave Air Scout. Not a tey mor

an attachment. Not a feeble crystal set. For only Sl
we send you every part needed to build this remarkable
one-tube receiver including tube and attractive bristol-
board cabinet as shown, and set of easy-to-understand
directions, Wiring this set gives you valuable radio
knowledge.. Just a few easy connections and set is
ready to use. Filament works on flashlight batterles.
Set can be converted later to All Wave or All Electric
set at slight extrs cost. Order at oncel

H. G. CISIN
Chief Engineer Allied Eng. Institute
Dept. RW-3—98 Park Place, New York, N. Y.
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Let Me Tell You

About your business, travel, changes, matrimony,
love affairs, friends, enemies, lucky days and many
other interesting and important affairs
of your life as indicated by astrology.
Send for your special Astral Reading.
All work strictly up-to-date, individua!
and guaranteed satisfactory. FOR
MANY YEARS PRIVATE ASTRO:
LOGICAL ADVISER TO ROYALTY
and the ELITE. Write name, address
and date of birth plainly. No money
required, but if you like send 15 cents
(stamps; No Coins) )
costs. Address: PUNDIT TABORE, K&
Dept. 529, Upper forjett Street, BOM-
BAY VII, BRITISH INDIA. Postage
to India is Sc.

Radio Police Use Codes
for Saving Time

Codes are used in police radio work, usu-
ally consisting of numbers, and the general
public assumes that this is done for secrecy.
However, the police say that radio results are
so swift that secrecy is not deemed im-
portant, and the codes are really used to
save time.

The radio patrolmen, in their cars, called
cruisers, know the meaning of the code
numbers, as only a few numbers are used.
For instance, New York City has 500 police
cars and uses only three code numbers.

DIVORCES IN MEXICO

Ten days—free information. International
Law Office, 441 First National Bank Bldg.
El Paso, Texas.

SPECIAL 2-FOR-1 OFFER
RADIO WORLD

Radio World is $2.50 a year (12 issues), 25c per
copy. Canada and foreign, $3.00 yearly. Offers of
Radio World and other worthwhile publications for one
full year on each, (NET):

[] RADIO WORLD and SHORT-WAVE CRAFT,
$3.50.

OO RADIO WORLD and POPULAR SCIENCE
MONTHLY, $3.50.

] RADIO WORLD and RADIO-CRAFT (12 issues),
$3.50. ’

0 RADIO WORLD and RADIO INDEX (monthly, 10
issues) stations, programs, etc., $3.50.

{] RADIO WORLD and SERVICE (monthly), $3.50.

(] RADIO WORLD and TRUE STORY (monthly),
$3.00.

0 RADIO WORLD and LIBERTY (weekly), $3.00
U. S. only.

Select any one of these magazines and get for an
entire year by sending in a year’s subscription for
RADIO WORLD at the regular price, $2.50, plus a
small additional amount, per quotations above. (Add
$1.50 for extra foreign or Canadian postage for both
publications.)

Nanie

Address .., ........ AP 500000000000000000000000

City and State............ 000000000 0000000000000 DO

DX ON ULTRA WAVES

Sometimes even ultra waves strike the
ionospheric layer and rebound to earth, which
accounts for occasional distance reception below
ten meters.

CLASSIFIED
ADVERTISEMENTS

7 cents a word. $1.00 minimum.

ELECTRICAL AND RADIO SUPPLIES

PHOTO CELLS AND RELAYS. Get ready for the Electronic
and Television fleld by experimenting with Pese rugged Photo
Cells, $1.50, and Pese Supersensitive relays, $3.00. Send 3¢
stamns for valusble information uses, constructional data. Pese
Sclentific Products, 4918—13th Ave., Brooklyn, N. Y.

AMATEUR LICENSES, complete training. $1.50 weekly. Resl-
dent and correspondence courses. Students licensed this month:
W2JAN, W2JBD, W2ICU, W2JDJ, wW2IDQ, W2JDR, W2IGS,
W2IGV, W2IGX, W2JGY, W2JHF, W2IHV, W2JIE, W2Jli,
_\\\2."\‘\ ‘:N'NKL. New York Wireless School, 1128 Broadway,
New York.

BLACK CRACKLE LACQUER. No spraylng or baking.
Apply with brush. Quick drying. Gives beautiful Crystaline
finish. Fifty cents per can. Jay Francis, 10921 Park Helgbts
Avenue, QGarfleld Heights, Ohlo.

MANUALS AND BLUEPRINTS

“BARGAIN MECHANICS MAGAZINE,” Wilmore Ky. Three
years, 25c. Advertises Everything!

MISCELLANEOUS

INDIAN RELICS, minerals, books. curios. colns.
Catalogue, 5¢. Indian Museum, Northbranch, Kansas.

stamps.

2000 WHITE BUSINESS CARDS, $1.50. Elsen, 2132 North

Seventh, Milwaukee.

MAKE $18.00 weekly at home addressing and mailing post-
cards and letters. Expericnee  unnecessary.  Steady work.
Supply furnished. Start now. Complete particulars, send 10c.
National Industries, 17 Locust, Dcpt. 43, Springfleld, Mass.

UP TO $2000.00 each paid for old Cents, 50c before 1916
$750.00, O!d Paper Money $26.00, Foreign Colns $150.00, Lin-
coln Cents before 1932 $35.00 per 100, ete. Send 25c for Large
INustrated Complete Catalog before sending coins. Romano-
coinshop, Dept. 684, Springfleld. Mass.

$50 A WEEK WITH A KODAK., Booklet describing 100
X‘\:{f;;l:‘:_:zine Markets; 20c silver. R. Howell, Box 326, Los Altos.
a
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S|
& 7/"-&  With Esico
o/ ( \\Q~§ Soldering Irons

The Esico eloctric soldering (ron demanded by the leading
plant superintendents in the country, beeause of thelr
cMeiency—is just the lron you need to somplets yeur home
kit of quality tools.

HOT—QUICK SOLDERING—INEXPENSIVE

Sees your local Eslco distributor on a complete line of
Esico soldering irons.

ELECTRIC SOLDERING IRON CO., INC.
342 West 14th Street New York, N. V.

ESICO

REG. US. PAT.CIT. -

METAL CHASSIS

We can supply ehassis for any make recelver, ox.

perimental or otherwise.
Inguiries should be accompanied with sketech and
I bl us to glve quick service

te detalls
as to prices and delivery.

KORROL MFG. CO,, Inc. Dept. R.W.-218
232 GREENWICH ST. NE WYORK CITY

GOODBYE, NOISE!

The noise silencer adapter de-
scribed in the February 1st Sun
Radio Page is now available. If
you have a superheterodyne re-
ceiver install a Leeds “Quiet Can”
and abolish those annoying noises

forever.
| LEEDS RADIO COMPANY
45 VESEY ST. NEW YORK CITY

Dept. R. W. 3

NOISE-SILENCING COIL KIT
Special |. F. (456-465 KC) and
Special R. F. Choke $1.50 Postpaid
RADIO DESIGN CO.

1353 Sterling Pi. Brooklyn, N. Y.

NAME PLATES

60 different readings for use on
Transmitters, Re-

f 0s - N lgelvf\"' Monitors,
- CILLATDR "Write for FREE

BUD RADIO, ING. "
1937 EAST 55th STREET CLEVELAND, OHIO

R-F COIL WINDING
MADE EASY

ALL you need are any standard wire and coil
form and you can wind a radio-frequency
solenoid to any requirement from information
contained in “The Inductance Authority.” No
calculation is needed. Quick consultation of
simple charts gives the answer in number of
turns and gives it with high accuracy. This is
the indispensable book for those who wind their
own coils.

Sent prepaid anywhere on earth on receipt of $2.00.

Or send $5.00 for a two-year sub. for Radio World
and this valuable book will be sent free as a premium,

RADIO WORLD
145 W, 45th STREET NEW YORK CITY

You need
.. these 2 books

MATHEMATICS

of Radio Servicing

Introduces and explains the use of arithmetic
and clementary algebra in connection with
units, color code, meter scales, Ohm'’s Law,
alternating currents, ochmmeter testing, watt-
age rating, series and parallel connections,
capacity, inductance, mixed circuits, vacuum
tubes, curves, tbe decibel, ete, ctc., and has
numerous examples.

Plainly written and easy to understand.
Only useful data included. M. N. Beitman,
anthar  Size, RY x 11 in.

PRINCIPLES of
PUBLIC ADDRESS SYSTEMS

A practical handbook, full of useful informa-
tion, fully illustrated, written by M. N. Beit-
man, an engineer and noted authority on
audio amplifiers.

Considers in detail various microphones,
radio and phonograph inputs, acoustic feed-
back, mixing and volume controls, use of
vacuum tubes, interstage coupling, power
amplifiers, output coupling, loud speaker place-
ment, the decibel, P.A. measurements, power
level, and other points of importance, includ-
ing actual circuit diagrams of tested P.A.
systems.

Price, 50c each book.

SUPREME PUBLICATIONS

3727 West 13th St. Chicaqo, lllinois
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SCIENTIFICALLY ENGINEERED COILS

ELTA COILS are precision products, scien- SI'ECIAL care has been taken to provide most

tilically engineered, and actually reduced to accurate oscillator coils, so that tracking
careful practice in operating receivers before problems will be minimized. There are full cov-
production. They are maintained accurate in erage on each band and sufficient overlap. Broad-
inductance to two per cent. Peaking at all levels cast solenoids are SPACE WOUND with enamel
is therefore simply a matter of capacity adjust- wire, or BANK WOUND witbh LITZ wire for
ment, and maximum_sensitivity and selectivity greater selectivity at small extra cost. Unless
will result. Delta coils assure more DX. Prices specified broadcast coils are enamel space wound.
do not include postage.

T T

STANDARD BROADCAST BAND
Tuned Radio Frequency Circuits, Using .00035 Mfd. to .0005 Mfd. ‘Trl/”l

For Two-Gang Condenser M
KIT EM-2: antenna coll with high galp primary both inductively and capacitatlvely coupled 1
to the secondary, and an Interstage coll with only capacity coupling to the secondary. All IRl
coupling s taken care of In the colls thcmselves, which are of the high Impedance primary.
unshielded type. Prlce of two colls.......o...0lies 0 0.95
IT EM-2-BW, same s8s above,, but of bank wound Litz wire... 1.5
For Three Gang Condenser
KIT HJ-3: antenna coll and two interstage colls, in Deltex shlelds. Price of three colls... 1.74
KIT HJ-3-BW, same as above, but of bank wound Lltz........ cenre BN o 00a 6000 eie.. 2.34
For Four Gang Condenser
KIT HJ-4: antenna coll and three Interstage coils in Deltex shields. Price of four colls.. 2.32
KIT HJ-4-BW, same as above, but of bank wound Litz............ ofste s Bl - s FEDTEE « <BF - 2.72
(Shipping welght of above kits 1s one pound each, postage should be included
when remitting with order.)
Superheterodyne Circuits Using .00035 to .0004 Mfd. Condenser
For Two Gang Condenser
KIT HJ-2-§: antenna coll and osclllator coll, for 175 kec. unshielded
KIT HJ-2-S-BW, bank wound .......c....c.ceesrecooconenarinnes
(Also for 456, 465 and 520 kc. by adding 1.f. to the KIT nui
For Three Gang Condenser
KIT HJ-3-8: antenna coll, Interstage coll and osclllator coll for 175 kc, all in Deltex shiclds.$ 1.74
KIT HJ-3-S-BW, bank Wound .ee.e..viecsossssoesosecsseisrooaosrorsscsssans .34
(Also for 456, 465 and 520 ke. by adding 1.f. to the KIT number, same prices.)
For Four Gang Condenser
KIT HJ-4-S: antenna coll, two Interstage colls and oscillator coll for 175 ke, sall In
Deltex ahlelds ................ 5
KIT HJ-4-S-BW, same as above, except
(Either of sbove for 436, 465 or 520 kc. oscillater, by ad
code; same price.)
NOTE: Padding capacitles required for 175 kc. 600-1,000 mmfd.; for 456 and 485 kc. ke. L.f. by the
450-600 mmfd. Padders can be supplied at 60c. Shipping weight on ail above kits, with or shield arrange-
without padding econdenser, s one pound, and postage should be included when remitting ment.

with order.
DOUBLY TUNED INTERMEDIATE TRANSFORMERS

Type of sonstruc-

tion used II'I‘l ttm

465 ko oselllator

-8 1.05 cofl only. Al
. 128 other shlelded
coils are attached
to the shleld
proper, and not
to a base. The
method of attach-
ment Is immate-
rial, but the 465
$ 2.32 ke, §.f. can be
2.72 readily distln-
guished from the

osclliator for 173

"t the KIT

175 ke MODEL I. F.—465-D, For diode half wave dc-
MODEL I. F.—I175. Shielded 1.f. transformer, with LECtOr  .wowew - owdil - . TN el GEER . . $1.06
control grid lead emerging from top........ $1.06 MODEL I. F.—165-T, For diode full wave second
MODEL ). F.—175-D. Shielded 1.f. transformer detector oo ... $l.14
with four leads emerging from bottom. for
usc with half wave dlode second deteetnr.... $1.06 520 ke
MODEL |. F.—175-T. Shielded i.f. transformer MODEL (. F. 520. Contro1 grid lead through top
for use with full wave dlode second delector. shield ... oeem.ceoecs it il om. $1.06
Secondary s center tapped......... ... ... ... $1.14 MODEL !, F.—520-D. For diode haif wave second
465 ke detector $:.06
MODEL I. F. 465. Control grid lead through top MODEL 1.
of shield ....... ... ciiiiiiiiiiiiiiaian. .. $1.06 AeteClOr . .. evunt i et . Si.14

(All i.f. coils, universal wound. Shipping weight of any ome, two or three above is one lb.
Include postage when remitting with order.)
SIGNAL GENERATOR KITS R. F. CHOKES

The foundation kit consists of: | If it is desired to go to higher Pie type unlversal wound radio
One precision tuning condenser, 0001 | frequencies. the same callbration ls | frequency choke coils of very low dis-

mfd. (No trimmer used.)
One direct reading frequency
brated dial,
One escutchcon for dial
One coll for 140 to 500 ke,
One coll for 540 to 1.600 kc.

Precislon condenser furnishsd
with the all wave signal gen-
erator kit. No other condenser
will track the frequency cali-
brated dial.

‘The above comprises KIT-SG-FU,
(shipping welght, 3 1bs.) Price $3.90

NOISE SILENCER

used, 140-500 on the dial being multi-
pited by ten, ie.. I1.,400-3,000 ke,
also 540-1,600 is multiplied by ten,
to be read as 5,400 to 18,000 kc. Two
extra colls are ncedcd, as all frequen-
cies are used on fundamentals.

The kit that enables the coverage
140-500. 540-1,600, 1,400-5,000 and
5,400-16,000, and Includes therefore
the two extra colls, otherwise the
same a8 the previously tabulated kit,
is KIT-SG-FUC. Shipping welght, 3
Ibs, Price ....... 000 0BaC00 B0 a $4.70

colLs

tributed capacity, highly suitable for
short wavc use. They are on Isolan-
tite forms, with stiff wire pigtalls.
I'our to five ples.
1 millihenry .. ..
2 millihenries .
2.5 millihenries . -
3.5 millihenrles .................34¢
For flitering the plate legs of su-
perheterodynes at any Li.f. level, we
have a special 10 millihenty choke
across which Is tn go a condenser of
.05 mfd. Order CH-10 @........ 36¢

Closely coupled shielded 1.f. transformer; primary tuned,
secondafy center tapped, not tuned. Specify 1.f. Also 15

millihenrs suppressor grid ehoke. KIT-NS (both colls) $1.42

DELTA RADIO COMPANY

137 LIBERTY STREET
Telephone: REctor 2-6650

NEW YORK, N. Y.
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Now—a high powered

Radio Engineering
Library

—especially selected by radio specialists of
McGraw-Hill publications

—to give most complete, dependable cover-
age of facts needed by all whose fields are
grounded on radio fundamentals

—available at a special price and terms.

These books cover circuit phenomena, tube theory, net-
works, measurements, and other subjects—give special-
ized treatment of all fields of practical design and
application. They are books of recognized position in the
literature—books you will refer to and be referred to’
often. If you are practical designer, researcher or engi-
neer in any field based on radio, you want these books
for the help they give in hundreds of problems through-
out the whole field of radio engineering.

5 volumes, 2891 pages, 2000 illustrations

Everitt’s COMMUNICATION ENGINEER-
ING

2, Terman’s RADIO ENGINEERING

3. Chaffee’s THEORY OF THERMIONIC
VACUUM TUBES

4. Hund’s HIGH-FREQUENCY MEASURE-
MENTS

i, Henney’s RADIO ENGINEERING HAND-
BOOK

10 days’ examination. Special price. Monthly payments.

$26.00 worth of books cost you only $23.50 under this

offer. Add these standard works to your library mow:

ggk small monthly installments, while you use the
s.

r SEND THIS ON-APPROVAL COUPON

| McGraw-Hill Book Co., In¢ I
330 W. 42nd St., New York, N. Y.

Bend me Radlo Engineering library, 5 vols., for 10 days I
oxamination on approval. In 10 days I will gend $3.50, plus
few cents postage, and $3.00 monthly till $28.350 is pald,
or return books postpald. (We pay postage on orders accom-
panied by of first 11 ) I

AdAress .. . . . .. .. i i ciiiietiiititsiiiiittiitinanas I
City 8nd B1ate .......oiiciiiiiiioiiciataonns 0000000aa I

z
»
8
4

Position . .. iiiiiiiiiiiiiiiiiiiiiiiiiieiiene ereseaanse I

L-Compnny ............................ .........BW!-M_'

TRANSFORMERS

FOR ALL PURPOSES
for example:

TRANSCEIVER TRANSFORMERS

F.532.B—Microphone and Plate Primaries to Grid
Secondary. Uncased, light weight, Net............ $.92

F.533-B—Transceiver Qutput from
plate of 33, 38, 41, etc. to 130,1000
or 2000 ohm handset or phones..$1.00

F-536-B—Similar to F-532.B but for
more powerful Transceiver using a
19 as push-pull R.F,, 30 as audio
driver, and 19 as Class B Modu-
lator ..$1.05

F-534C—Class 30 driver to
Class B 50060000G000060000050 B
F-535-B—Class B Output from 19 Twin to modulate
19. Sec. handles plate current of r.f. stage, impedance
approx. 2700 ohms, or amy 7 watt stage approx 50
m.a. at 135 volts,...... 000000000N00000A00 $1.17

B Imput

General Replacement Transformers
will be found in our
/ » CATALOGUE No. 51-C

Three examples out of 161:

No. 210—300.0-300 V. 40 m.a.;
25 V. 55 A; SV. 2A...... $1.11
No. 209—330-0-330 V. 60 m

2.5 V. 875 A; SV. 3A...... $1.80
No. 1103—Single Plate to Push-
pull Grids ..oevvvieiiinanaia, $.98

High Fidelity Audio Trans-
formers for Public Address.
Broadcast and Amateur Sta-
tions will be found in our
catalogues No. 70, No. 70-A
and new No. 53 now being
prepared. Description of all
types for microphones, match.
ing, interstage, and output,
all fully cased and shielded.
Useful diagrams and response
curves included.

SEND FOR CATALOGUE
Ne. 52-C

Contains nearly a hundred
stock transformers and chokes
for all power phone and C.W.
rigs, designed by Boyd
Phelps. W2BP-W9BP. Illus-
tration shows FTP-56 which
delivers % K.W. and costs
$9.50 net.

Auy of the above catalogues free for the asking.
1f in a hurry, order direct from this ad or see your
local jobber. If he does not have these lines tell him
he is missing something well worth while.

FRANKLIN TRANSFORMER
MANUFACTURING COMPANY

607-609 22nd Ave. N.E., Minneapolis, Minn.
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® National offers a thoroughly engineered part for nearly every radio
purpose. The entire line cannot be compressed into our twenty-page
catalogue, much less a single page. But look over the group above.
Transmitting condensers from the little 1000 volt TMS in the foreground
to the 12,000 volt TMA at the rear. Low loss ceramic coil forms for every
amateur band. Low loss sockets for nearly every tube type, from acorns
to power pentodes. Flexible couplings from the little TX-12, which will
work around a corner, to the big fellows for heavy condensers, high
voltages, and low-losses. Strain insulators, spreaders, lead-ins for the

antenna; stand-offs, chokes, dials for the rig. National has what it takes.

NATIONAL <« COMPANY
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PiVOTS INSERTED LASY
PRESERVING POINTS

BRASS SUPPORT
CEMENTED OVER COIL

PATENTED

ACCURATE

INSULATION )
ALIGNMENT ~___
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Model 521 Volt-Ohm-Milliammeter

Is an example of extreme accuracy with long readable
scale on metal dials. While guaranteed to be accurate
within 29%,, graphs made by prominent engineers show
scales are accurate to 19,. Something that Triplett care
in manufacturing makes possible. Permanent accuracy is
a marked achievement in all Triplett instruments.

Body 43;”. Flange 54", Body Depth 114", Scales 34"
in length. Knife edge pointers. Molded bakelite case.
Finest materials. Flush mounting. Dealer Net Price, $7.00.
A truly magnificent instrument of very wide application
at a remarkably low price.

MAIL THIS COUPON TODAY

TRIPLETT ELECTRICAL INSTRUMENT CO.
273 Harmon Drive, Bluffton, Ohlo

Please send me your New 1936 Catalogue.
Name of Ind.......................

Name of Company

Address ......... 5 000906006000 77T 4BOEI 5 I
City... om ... a a State. ... .......... ‘

['.: MOUNTINGS OF TRIPLETT PIVOTS

WHY ACCURACY CAN BE GUAR-
ANTEED WITHIN 29,

Triplett's Method as illustrated insures true
alignment of moving element without strain
and with maximum insulation against break
downs. The pivot points are protected
perfectly by the method of assembly—
attaching them just before inserting in their
sapphire jewel bearings.

Triplett Instruments Represent
Precision Without Extravagance

Triplett Manufactures

a complete line of electrical instruments
for radio, electrical and general industrial
purposes—both standard and custom built.
Write for catalogue. See them at your
jobbers. Prices on application.




