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METAL-WORKING

LATHE

Precision equipment for
the small shop. New de-
signs and manufacturing
processes make this amazing bargain
possible, Complete metal-working lathe
with compound slide-rest, combinatien
universal face-plate and chuck and tail
center: 5%’ swing: 24’ length bverall. .
Shipped express charges C.0.D. Lathe for wood-turning
alone, $4.  Attachiments for milfling, grinding, sanding,
saw-table, etc., available at low prices. Order from ad at
once and have a comblete machine shop. American Machine
Tool Co., 120 Broadway, New York, Dept.

ANDERSON’S
AUTO SET

Designed by J. ANDERSON

FOREIGN RECEPTION
ON 6-INCH AERIAL

This new auto set 13 the moset senesitive ear
receiver we have ever come across, Mexican and
Cenadian statione were tuned im from New York
City on a 6-imch aserial. The circuit. an B-tube
superbeterodwne. with automatic volume control.

The parta, iacludi set chassie and
sot sbield, battery box, remote comtrol. battery
eable, all condensers, resistors and colls, epeaker
with shielded cable: and a kit of RCA tubes (two
239. two 338, two 337, one 89, and one 85) are
supplied less merial. Cat 898-K @........ !

Wired model, licemsed by RCA, with complete
RCA tubes.
$37.40

E.

less aerial. but imcluding

equipment,
Cat. 893-W

Hennessy Radio Pubs. Corp.

143 West 45th St. N. Y, City

CIRCUITS AND SERVICE DETAILS
OF COMMERCIAL RECEIVERS in issues of
Radio World as follows: The Philco Model 15
Superheterodyne, Oct. 29, 1932; Philco’s 4-tube
Superheterodyne, Dec. 10, 1932; The Philco 37,
Dec. 31, 1932; Philco Service Bulletin—No. 146,
Models 89 and 19, Jan. 21, 1933; The Model 28,
Newest Sparton Set, Nov. 5, 1932; Sparton 14,
14A, and 18, Jan. 7, 1933; The Majestic 324, Nov.
12, 1932; Stromberg-Carlson’s Latest Circuits, Noa.
37, 38, 39, 40, and 41 Receivers, Nov. 19, 1932; The
Pilot Dragon, Nov. 19, 1932; National Co. Short-
Wave Receivers, Dec. 3, 1932; The New Fada
Chassis, Dec. 24, 1932; Howard Model M, Jan. 7,
1933; The Comet ““Pro,” Jan. 14, 1933; Gulbransen
Series 322, Jan. 14, 1933; United American Bosch
Service Corp. Instructions, Jan. 21, 1933; Crosley
Models 132-1 and 141, Jan. 28, 1933; The Colonial
C.995, Feb. 11, 1933; Kennedy Model 563, Feb. 11,
1933, U. S. Radio No. 700, Feb. 18, 1933; Bosch
250 and 251, also Clarion Model 300, and Zenith
430 and 440, Feb. 25, 1933. 15¢ a copy, any 8 issues,
$C1‘.00. Radio World, 145 W. 45th St., New York
1ty.

COMPLETE TUBE CHARAC-
TERISTICS WITH SOCKET
CONNECTIONS

In Radio World dated Sept. 9, 1933. 15¢ a copy;
or start your suhscription with that issue, Radio
World, 145 West 45th St., New York City.

A RADIO MAP

OF THE WORLD
With Time-Converting Dial

Just turn the dial to the time in
your own zone and instantly the
time is shown for every zone in
the world. Shows clearly which is
yesterday, today or tomorrow-—no
adding or subtracting.

On the double inside pages is a
big and accurate map of the

world, showing principal citfes and
| every country and time zones in
which they are located.
nation.
PRICE ONLY
Postpaid C
| RADEX
is the DX radio fan's own maga-
zine. Gives time on the air for
special programs and frequency
| checks. Newsy. Chatty. 25c¢ the
copy.
701 Hanna Building
Cleveland, Ohio

Gives calls assigned to each
Anywhere
all stations. Keeps you posted on
THE RADEX PRESS, Inc.

Subscribers! Important!

Note subscription expiration date on
wrapper containing your copy of RADIO
WORLD. If nearing expiration date,
please send in renewal s0 that you will
not miss any copies. Subscription Dept.,
RADIO WORLD, 145 W. 45th St., New
York City.

“SOUND PICTURES,” hy Cameron & Rider.
Over 1,100 pages, 500 illustrations, The whole
question of Sound Motion Pictures treated from
a mnew angle. A Complete Guide for Trouble
Shooting. Explaina in detail the construction, op-
eration and care of sound recording and reproduc-

ing equipment. Price $7.50. Radio World, 145 W.
45th St., New York City.

Vol. Il of RIDER’S MANUAL (A New Book)

Just out, John F. Rider’s Vol. III Manual weighs nearly 11 lbs. and has 1,100 pages,

all dlagrams of commercial recelvers. etc. (no text).
vasues.

Vols. I and II

A Chronological Catalog and Index of all nationally-advertised radic receivers mapu-
1921 and January,
contained in Volume IN. This list will be of tremendous aid in the identification

factured and sold in the United States between January,

of recelvers for which the model number i3 not known.

Complete data include schematic wiring dlagrams; chsssis wirlng diagrama; parts
layouts; photographic views of chassls; socket layouts: voltage data; resistor values;
condenser values; location of alignment and trimmer condensers; alignment apd trimmer
adjustment frequencies; intermedlate-frequency amplifier peaks; alignment and inter-
mediate-frequency adjustment instructlons; color coding; transformer connections; point-
to-point data; continuity test data; parts list with prices; speclal notes.

Comptete tabulation of tube data showing electrical characteristics snd constanta for
all of the tubes employed ip radio receivers and amplifiers since 1921. Also s table

of interchangeable types.

Sets
1st, 1933, are Included—and complete information on every one,
The volume i3 original and necessary and does pot repeat dats that are in

anpounced up to May
including resistance

1833 are

2 et
s

A tomplete table of ).F. peak frequenties as used In radio recelvers. This st
augments the information of this type shown upon the diagram pages. Intermediate-
frequency amplifier peak information 18 very importabt because quite a few of the
manufacturers employ more than one figure in their year's production. A wrong guess
on your part mesns trouble. Volume 11l of Rider's Man-
Order Cat. RM-3 @ $7.50. Remit with order and we pay postage. Order C.0.D. ::r!orz:;eoﬂ ",'lat%’ \fzfs“'":'"m
and you pay Ppostage. 11, almli is not cumulative, or
Volume T—Order Cat. BM-1 @..cooooivunnniiiiiitiiiiiiniiaiiinieniiiin.. §7.50  hobetitive of the sariler vol.
Volume II—Order Cat. RM-2 @........... SO o - 0000 00DP0000E 800600 $6.50  an index for ali threo vol-

HENNESSY RADIO PUBLICATIONS CORP.
145 WEST 5th STREET, NEW YORK CITY
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HANDY
SERVICEMEN’S
MANUAL

Full of important money-making ideas—data—trouble-

shooting, etc.
250 QUANTITY LIMITED
RESERVE YOUR COPY NOW!
TRY-MO RADIO CO., INC.
85 Cortlandt Street, New York City

NEW

Send for
catalogue.

Dept. RW

SOLDERING IRON

F R E E !

Works on 110-120 volts AC or DC. power,
50 watts. A serviceable iron, with copper
tip, 5 ft. cable and male plug. Send ¥1.50
for 13 weeks’ subscription for Radie World
and get these free! Please state if you are
renewing existing subscription.

RADIO WORLD
145 West &5th St. N. Y. Oty

LAPEL

MICROPHONE

A single-button car-
bon-granule lapsl mé-
crophone, impedance
200 ohms, requiring
3 4.5-volt excitation, of
L} good frequency char-
"@* Y= acteristics, and both
1& = ; /7 handy and inconspicu-
\\m’ MW= ous. Outside diameter,
‘Q\“”*E T ) 5 154 inches. The case
\S 17 7 is c¢hromium-plated
brass. The excitation
may be provided by
introducing the micro-
phone in a cathode circuit carrying around 20
to 25 milliamperes, or a 4.5-volt C biasing
battery may be used. Net price, $2.95.

RELIABLE RADIO COMPANY
145 West 45th Street, New York, N. Y.

o

p s
£ 3\
£

£
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WAFER SOCKETS

6/32 mounting holes, 1-11/16 inches apart;
central socket hole recommended, 134 snches,
although 1Y snches may be wsed.

UX, with tnsulator................... FIYRCIOT 7, (PR 10e
UY, with Insulator. ... oouvvriniinenreaannennornns 10¢
8Ix-pin, with insulator.......coevvueveranennnrn... 11e
Seven-pin, with insulator.................ceuvennns 1

HENNESSY RADIO PUBS. CORP.
145 WEST 45th STREET, N. Y, CITY

|

COM;LETE YOUR SUMMER FILE
OF RADIO WORLD

If you are short of any summer issues
of Radio World, send us 15¢ for each
copy or any 8 for $1.00. Or start your
subscription with any date you wish.
Radio World, 145 W. 45th St., N. Y. C.
)

FREE with a $1.00
8-weeks Subscription

11-
ik

Here is your opportunity to get the

latest product of Hammarlund, a Star

Midget condenser. Send $1 for 8

weeks subscription and get any one

condenser free. Select the desired ca-

pacity.

Any two condensers free with $2 for
17-week subscription.

Any three condensers free with $3 for
26-weeks subscription.

Any six condensers free with $6 for
one-year subscription (52 weeks).

RADIO WORLD

145 West 45th St, New York City

NEW STAR
MIDGET
CONDENSERS

Choice of 15, 25, 50
and 100 mmfd. capac-
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“PURE” OSCILLATORS

Grid Current Avoided to Exclude Harmonics

NY one desiring to build a test oscil-

lator certainly has a variety of cir-

cuits from which to choose. The os-
cillator may be so arranged to work on
a.c, on line d.c. or on batteries, or even
might be circuited to work optionally on
any one of these three power sources.

If any oscillators of this type oscillate
at all, at the low frequency end, they oscil-
late enough all over the dial, and a small
output is generally preferable to a large
one. The simple modified Hartley oscillator,
Fig. 1, was built for a-c operation, line con-
nected to plate and return, and it was pos-
sible to develop an oscillation voltage of
300 volts at 50 kc, so that at the low fre-
quency settings there was arcing between
closely-separatéd plates of the tuning con-
denser. By locating the tap farther down
the oscillation may be reduced, and if the
tap is too far down, the oscillation will stop.

Proportion of Windings

Fig. 1 is a grid-leak-condenser type oscil-
lator. There is no bias on the grid except
that resulting from the flow of grid current.
Or 1t might be preferable to state that the
.grid current may run so high that if the
leak is high the voltage drop across the
leak may be 300 volts. Thus ordinary grid
leaks would get hot and soon burn out.
Something in the nature of a higher-wat-
taged transmitter leak would then be neces-
sary. for this is a strong transmitter.

With a separate tickler one-quarter the
number of grid turns is usual, with rather
tight coupling, for triode tubes; more turns
and perhaps even tighter coupling for tubes
of higher mu, including pentodes. However,
for the modified Hartley in Fig. 1, using
a 56, the number of turns between tap and
return need not be more than one-eighth
the total grid turns for other than short
waves, as the coupling is extremely tight.
The winding is in fact continuous.

The stability of the grid-leak-condenser
type of oscillator is pretty good. It is the
best stability so far obtained in an extreme-
ly simple manner.

What Is Stability ?

In discussing stability, due to the wretch-
ed condition of radio terminology, it may
be apropos to state what the author means.
Stability consists of exclusive frequency de-

By Herman Bernard

termination by the intended LCR ratio,
where L is the inductance, C the capacity
and R the resistance. L would be the in-
ductance of the coil in the circuit, C would
include tuning condenser and the distributed
capacitative constants, e.g., wiring, tube ele-
ments, socket, etc., and R would include a
fixed value of tube impedance, leak resist-
ance, socket leakage resistance and other
proximate resistances. Therefore the tube
should look to the tuned circuit as a pure
resistance. The trouble is that tubes do not
constitute a fixed but a changing resistance
or impedance under changing voltages, un-
less correctives are introduced.

The presence of grid current lends a pro-
portionality that makes the change in tube
resistance practically linear in relationship
to the amplitude of the oscillation. A con-
stant plate circuit resistance is not really
the requirement, but rather a constant_plate
impedance. The impedance may be regard-
ed as the quotient of the voltage divided by
the current, both a-c values. If there were
strict linearity there would be a constant
plate impedance, but the circuit goes off a
bit at the higher frequencies.

Effect of Terminal Voltages

The effect of the condenser may be con-
sidered in this respect. It is well known
that instability attaches to coils, whereas
condensers are in general stabilizing agen-
cies. Therefore since the LC ratio is high
at the higher frequencies, this may help
account for the departure from stability.
1f it is pardonable to reduce the frequency
ratio, a fixed condenser may be put across
the variable of sufficient capacity to avoid
the instability region, and then a practically
stable oscillator would result.

The changes in the terminal voltages affect
the stability of an oscillator, that is, if
changed they may change the frequency,
all else unmolested. This marks instability.
Voltage of itself has no effect on frequency,
so we must look elsewhere. We know that
the resistance of the integral tube circuit
changes with changes in terminal voltage,
particularly grid bias voltage changes, and
if we have built sensitive superheterodynes
and have used variable-bias control on the
oscillator, we know that bias may change
the frequency from 1,500 to 1,450 k¢ with-
out any change in inductance and capacity.
The only other thing that could change 1s
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resistance, and so we have further proof
that resistance also has an effect on fre-
quency. We have known this indirectly all
along, since the impedance of a coil depends
on the relationship of its reactance to its
d.c. resistance.

Other Necessities

The broader objects are to hawe an oscil-
lator that will always generate the same
frequency at the same settings and thus
be free. from frequency change due to
changes in terminal voltage, introduction of
amphtude modulation, changes in tempera-
ture, pressure and humidity. For the
rigid requirement of identical frequencies
for given settings, mechanical rigidity of
a high order is necessary, but this will not
be considered, and is often unstressed even
in precision oscillators, because the most
rigid condenser and other constructions are
used, and little more can be done about it.
Temperature and humidity control may be
introduced in the form of ovens but baro-
metric correction is hardly ever even con-
sidered, as the resultant change in inductance
and capacity is so slight.

So within practical limits, a good oscil-
lagor may be built on the pattern of Fig. 1,
with output taken from the grid circuit prin-
cipally, for there the harmonics are lower
and power greater, so a small piece of in-
sulated wire run for two inches alongside
of the connection to leak will constitute a
satisfactory condenser plate even for fre-
quencies as low as 50 kc.

Tuned Plate Oscillators

Fig. 1 uses a 56 tube, though other cath-
ode type tubes may be used, including pen-
todes, by applying the required terminal
voltages. In all instances the output will he
rich in harmonics, and the harmonics are
nearly equally strong to the tenth or more,
due to the steepness of the plate current
change. The grid swing, as explained, is
extremely wide.

Now consider a tuned plate circuit oscil-
lator, Fig. 2. Here a 35 tube is used. There
is a step-down ratio hetween plate and grid.
The tube is negatively biased. Hence an
operating point on the tube characteristic
may be selected where the resultant har-
monics will be smalk nearly nil. It is valu-

(Continued on next page)
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Upper Row—Fig. 1 is a modified Hartley oscillator, using grid-current bias. Fig. 2 represents an attempt to
introduce a rectifier, but the circuit is practically identical with Fig. 1. Fig. 3 introduces a cathode biasing resis-
tor, but practical identity with Fig. 1 is retained.

Lower Row—Since the bias, if derived from the diode, should always be higher than the amplitude of the oscil-
lation, the proper proportioning of turns and coupling in a three-coil system, Fig. 4, could accomplish this. Or,
as in Fig. 5, two windings may be used, all of one of them in diode circuit, only part of that winding in the grid
circuit. Some auxiliary bias may be used. Fig. 6 shows the Fig. 5 method, with electron-coupled output, using

(Continued from preceding page)

able to have harmonics when they’re needed,
as is often true of test oscillators, to avoid
coil and condenser switching, but for some
uses a low harmonic output may be desired.

Normally the grid a-c voltage is much
higher than the plate a-c voltage, depend-
ing on the coupling, the mu of the tube
the d-c voltages and other factors. To keep
the a-c grid voltage well within the operat-
ing region the step-down ratio may be 1 to 4,
or smaller if consistent with preservation
of oscillation.

Figs. 1 and 2 Much Alike

The danger of grid current flow in an
oscillator intended not to have grid current
thus is avoided. However, should grid cur-
rent flow it would be in the wrong direction
and would tend to make an already positive
bias more positive, for lack of the usual
stopping condenser. It is the obstructive
effect of the stopping condenser on the
clouds of negative electrons that maintains
the erid negative in the leak-condenser type
of circuit, where the leak permits the excess
to leak off not too fast to destroy this
negative-bias effect. But in a circuit with-
out the stopping condenser the electrons do
not accumulate at the grid.

Fig. 2 provides negative bias through the
drop in the rectifier load resistor, but the
action is very much like that of Fig. 1,
where the triode is the oscillator and the
grid-to-cathode circuit for the leak-conden-
ser combination is the diode. One is just as
linear, or as nearly linear, as the other.

Fig. 2 almost has to be as shown, because
the load resistor otherwise would be in the

a 2B7 or 6B7 instead of 55, 75 or 85.

tuned circuit, except so far as removed by
the condenser. The resistor must be large
so that the voltage drop externally will far
exceed that inside the tube, which is the
requisite condition for linearity. But if the
condenser across the load resistor is high,
grid blocking may take place, giving the
effect of audio-frequency modulation, of anv
frequency that the constants determine. It
isn’t particularly wuseful either, since its
amplitude may be enormous, and instead of
normal 30 per cent. modulation you may
have 1,000 per cent. modulation, another
term for severe distortion.

Grid Current

The Fig. 2 method has no self-bias
through the cathode leg, and therefore twice
during each cycle there will be zero bias
(when the amplitude of the oscillation is
zero) and the tube will draw more plate
current than otherwise. However, the opera-
tion is within the limits of the tube, pro-
vided the plate voltage does not exceed 250
volts for the 55, or equivalent 85, or similar
75.

No test need be made of Fig. 1 for grid
current, as such current is bound to be pres-
ent and is desired, but in Fig. 2 it is not
desired, so a bypassed meter should be put
in the grid circuit to determine if and when
there is grid current, and coupling would
have to be tighter or a higher load resistor
used, or both, until there is no grid current
at any condenser setting. The likelihood
of grid current is extremely high, hence
this circuit is not very encouraging. because
the rectifier feed is the same as the grid
feed, in other words, the circuit approaches
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true identity with Fig. 1. If it is the same
in operation as Fig. 1, and Fig. 1 is pretty
good. then Fig. 2 should be pretty good,
which is undeniable, but the object in Fig.
1 is to have a grid-current-harmonic oscil-
lator and that in Fig. 2, though unfulfilled,
is to have a no-grid-current, no-harmonic
oscillator.

Measurement

In Fig. 3 a resistor is put in the cathode
leg and grid returned to ground through a
load resistor. Now there is a steady bias at
no oscillation, but the moment that the os-
cillation voltage builds up to the value of
the bias voltage rectified current will flow.
In fact, it will flow when the oscillation
amplitude is 0.8 volt less than the self-bias
through the cathode resistor voltage drop,
due to the grid emissivity of the cathode
tvnpe tubes. But, again. it will not be rec-
tified current from the diode but rather
from the triode, as the interconnection of
the two types of elements causes the loss
of identity of the type of current flowing
or the grid greatly predominates. However,
a check may be made by inserting a sensi-
tive meter between diode and grid, the
perpendicular line in Fig. 3, and again be-
tween grid and diode, fhe horizontal line
to left from grid in Fig. 3. The same fierce
modulating troubles may be expected in this
circuit, as the cause differs no whit from
that in Fig. 2.

If the diode is to be depended on for
the bias, and since the bias should always
exceed the oscillation amplitude, it is clear
that some method should be provided for
feeding a greater voltage to the control tir-
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cuit than to the controlled circuit. Use of
three windings, as in Fig. 4, permits tuning
the plate, stepping down the voltage put
into the grid, and making the voltage put
into the diode sufficiently higher than the
grid input Now the grid circuit 1s separate,
grid current may be noted, and the condi-
tion of no-grid current satisfied by adjust-
ing the turns or coupling, or both, of the
diode-feeding secondary.

Electron Coupling

Fig. 4 is exclusively diode-biased, but Fig.
5 represents the introduction of auxiliary
bias through the voltage drop in the cathode
leg resistor, a negative bias from the rec-
tifier circuit whenever the rectifier is con-
ducting. Now the voltage put into the grid
is only a part of that put into the rectifier,
and the tap may be so arranged that no grid
current will flow. There will be no rectifica-
tion until the r-f voltage drop in the rectifier
coil exceeds the value of bias voltage de-
rived from the cathode leg, but the cathode
drop may be made small, or even omitted,
if no grid current remains.

In Fig. 6 the system of Fig. 5 is applied
to a pentode, with screen used for feed-
back, and plate used as feed to the work
circuit, so there is electron coupling between
generator and work circuit.

B’ghe tube in Fig. 6 may be the 2B7 or
6B7.

Separate Treatment

If the coupling is loose in the previous
examples, as it would be with the capacity
resulting from a couple of inches of paral-
leled, insulated wire, then there will be very
slight, hardly noticeable, detuning so long
as one keeps out of short waves, while with
the Fig. 6 method of output there would be
still less detuning.

Naturally, if any precautions have been
taken to keep the oscillator stable as to
frequency determination, the connection be-

tween oscillator and load should not be

such as to destroy the effect of these pre-
cautions. But it should be realized that,
though protection at output is necessary, it
is fairly well provided in any sensible oscil-
lator, and is nevertheless independent of the
vices that might arise in the oscillator itself.
That is, a stable oscillator is a stable oscil-
lator in its own right, connected to nothing
save its voltage sources, and protection of
the output coupling, to safeguard against
detuning of the generator, does not improve
the generator itself in any way, but simply
avoids adding such capacity, inductance and
resistance thereto which are the effect of
the load circuit, to detune the oscillator.
Tt~ oscillator would be detuned the same
way if any equal outside constants were
introduced. The oscillator and the coupling
method therefore should be considered and
treated separately, for a perfect output
method does not make an imperfect oscilla-
tor better or more stable as a generator.

One Microampere Limit

In trying such rectifier type biased non-
harmonic oscillators, the first consideration
is to get the oscillator oscillating and to
explore the grid current. Next the rectifier
may be made to function and measurements
made to determine what happens to the grid
current. Not until the grid current never
appears in measurable quantity (1 micro-
ampere) can it be assumed that the har-
monic content of the output is low enough
to be consistent with the classification of
non-harmonic-producing.  This holds for
oscillators under discussion. There are some
non-harmonic grid-current type oscillators.

A Built-up Oscillator

The Fig. 1 circuit was adapted to use, as
diagramed in Fig. The front view is
shown in Fig. 8 and the rear view is illus-
trated on the front cover.

In this model plug-in coils were used. The
condenser capacity was 0.00025 mfd., and,
due to low distributed capacities, and con-
denser minimum of extremely low value, the
factual capacity ratio was 9.3-to-1 yielding,
a frequency ratio of slightly in excess of
3.05-to-1. The slight excess, considered at

SW.

FIG. 7
A test oscillator, usi{lg a-c on the plate, and affording 60 to 40,000 kc
frequency coverage with a special low-minimum-capacity 0.00025 mfd.

Hammarlund condenser.

Plug-in coils are used. The tube may be a 56,

or pentodes, etc., with screen tied to plate.

FIG. 8
FrOI:lt view of the oscillator diagramed in Fig. 7. The extra sockets are
for coil receptacles so three coils will be handy at all times for frequency
ranges most commonly utilized.

the high frequency end, could be devoted to
overlap, especially as short waves were to
be included.

The test oscillator was made useful for
“all waves.” A 25-millihenry coil was put in
a plug-in form, connected to form prongs.
This coil is a commercial product, tap and
all. The form diameter, however, has to be
at least 1.5 inches for the coil to fit inside,
as the usual 1.25-inch outside diameter forms
haven't a large enough inside diameter.

Coil Data

The lowest frequency reached was 60 kc.,
so the tuning was approximately 60 to 180
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ke. Almost the same frequency ratio pre-
vails throughout, and the subsequent induct-
ances are 2.78 millihenries, 300 microhen-
ries, 33 microhenries, 3.7 microhenries and
0.41 microhenry. The other frequencies are
approximately 180 to 540, 540 to 1.620, 1,620
to 4,860, 4,860 to 14,580 and 14,580 to abave
40,000 kc. The tap on the coils for the two
smallest ones should be at center, on the
other coils not more than one-quarter the
number of turns from the ground end.

The coils for the two lowest frequency
bands are honeycombs, and the one for the
broadcast band may be likewise. There were
1.300 total turns on the largest coil.
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STABLE OSCILLATORS

for Laboratory Work, Using New Methods

By J. E. Anderson
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FIG. 1

A simple tuned grid oscil-
Iator which is partly sta-
bilized as to frequency by
the grid leak and the
stopping condenser.

TABILIZATION of frequency of oscil-

lators is important not only in transmit-

ters but also in superheterodyne receivers
and laboratory oscillators. During the last few
years the importance of stahility of frequency
has been recognized the world over and a
great amount of work has been done on sta-
bility of circuits. )

It has always been recognized that oscilla-
tors having a grid leak and condenser were
more frequency-stable than those having a
low d-c¢ path in the grid circuit. AMoreover,
such oscillators are usually seli-starting,
while grid bias oscillators sometimes fail to
start themselves. Therefore the grid leak
and condenser type of oscillator is nearly
always used.

The circuit of a grid leak and condenser
type of oscillator is given in Fig. 1. Here
LC is the resonant circuit which is supposed
to determine the frequency of oscillation.
Approximately it does determine the fre-
quency but this is also affected to some ex-
tent bv L1, the tickler, by the coupling b_e-
tween L1 and L, by the value of the grid
condenser C1, by the grid leak resistance R,
by the filament voltage, and by the plate
voltage. It is desirable to eliminate at least
two of these factors, plate voltage and fila-
ment voltage, for these are likely to change
from time to time.

Effect of Grid Leak

It has been found experimentally that when
C1 and R are used the stability of the oscil-
lator is much better than when these are
omitted and when grid bias is used instead.
It can be shown theoretically that the sta-
bility is greater the higher the grid leak re-
sistance, and therein lies the answer to the
effect of the grid leak and the stopping con-
denser. It would seem that when no grid
leak is used as in Fig. 1 and when bias is
used instead that the grid resistance would
be infinite. That is practically the case when
the tube is used as an amplifier of a small
signal. When the tube is used as oscillator
the effective grid resistance may bhe very
small, only a fraction of the plate circuit
resistance. The reason for this is that when
a tube is oscillating the grid swing 1s over
the entire grid voltage-plate current charac-
teristic. Hence the grid swings positive dur-
ing a large part of the signal cycle. It is
limited only by the saturation of the tube.
Large grid currents flow, and the effective
grid resistance may be as low as 500 ohms.

In Fig. 2 is indicated a grid voltage-plate
current curve from the cut-off A to the
saturation S. This is the region over which

The grid leak and stop-
ping condenser produce
the effect of saturating
the plate current at zero

FIG. 2

FIG. 3

A tuned plate oscillator

stabilized by a reactance

in the plate circuit. This

works only if no grid cur-
rent flows.

bias.

the grid voltage swings when there is a low
d-¢ resistance in the grid circuit. Now sup-
pose that a grid stopping condenser and a
grid leak be inserted as in Fig. 1. The grid
can not now go positive to any great extent
because as soon as the grid current begins
to flow a voltage is set up across R which
prevents the grid from going positive. The
grid voltage-plate current curve now takes
the form ASL. That is, an effective satura-
tion begins at zero bias, or even for low
negative biases. Under these conditions the
oscillation grid voltage is confined to nega-
tive values, or at most, to very low positive
values. This is equivalent to raising the
value of the grid resistance of the tube and
therefore of stabilizing the frequency of os-
cillation.
Oscillation Begins

When the tube is not oscillating the grid
voltage is practically zero, where the mutual
conductance, or slope of the curve, is high.
Oscillation begins as soon as the power is
turned on, assuming that when this occurs
the cathode is already hot. But the operat-
ing bias does not remain at zero. The grid
voltage swings far to the left, and may swing
far beyond the plate current cut-off point.
Indeed, the operating point, that is, the
mean value of the grid voltage, may settle
down somewhere near the cut-off point.

When this is the case the generated plate
current wave is not a pure sine wave but a
badly distorted wave consisting mainly of
strong pulses. This does not mean that the
current wave in the resonant circuit is
equally distorted, for this is nearly a pure
wave because the resonator responds only to
the fundamental of the tickler current.
Hence the resonant voltage across LC is
nearly pure, and the exciting voltage across
R is practically as pure.

The difference in purity between the plate
current wave and the resonant current wave
has much to do with the performance of a
superheterodyne of which the oscillator
forms a part. It is clear that if the distorted
wave is impressed on the mixer there will
be more undesired heterodynes than when
the pure wave is impressed on the mixer.

Stabilizing Oscillator

- There are many ways of stabilizing the
frequency of an oscillator and at the same
time purifying the wave. In Fig. 3 is a
stabilized oscillator in which the stabiliza-
tion has heen effected by inserting a coil L
in the plate circuit, this coil having exactly
the same inductance as the coil L in the
resonant circuit. In order that this oscilla-
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FIG. 4
Grid current can be pre-
vented by confining the
grid voltage plate current
curve to negative bias
values.

tor should generate a frequency that is in-
dependent of the tube, it is necessary that
the grid resistance be infinite. That is, there
should be no current in the winding L2 at
any time. But we have just said that this
cannot he done by biasing the tube. Yet a
bias s necessary or the tube will not oscil-
late at all, and the requirer bias is critical.

To prevent grid current we must arrange
the circuit so that the saturation of the
plate current is reached for negative values
of grid voltage, if such an arrangement is
possible. Suppose that this has been achieved
so that the plate current-grid voltage curve
lies as in Fig. 4, that is, the saturation point
S is well over on the negative side of the
grid voltage axis. Then if we adjust the
fixed hias to Eg so that the operating point
is half way between the cut-off and the
saturation points, the tube will oscillate be-
tween these points, and there will he no
current in the grid circuit. The conditions
(Fller;]ande(l by the circuit in Fig. 3 are satis-
ed.

Shifting Saturation Point

But how can the saturation point be shift-
ed to a negative value of grid bhias? In one
of two ways. For any given filament emis-
sion 1t can be done by increasing the plate
voltage, or for any given plate voltage it
can be done by reducing the emission by
decreasing the filament current.

Now it may be that for normal emission
the plate voltage would have to be increased
to an unsafe value before the saturation
point is sufficiently shifted into the negative
region. In that case it is necessary to de-
crease the filament emission. It may also be
that if the plate voltage is maintained as a
common value. the emission will have to be
reduced to such a value that the circuit will
not oscillate even when the optimum bias is
chosen. The slope of the curve may not be
great enough. In that case it is necessary
to increase the plate voltage. Hence in gen-
eral it 1s necessary both to reduce the fila-
ment voltage and to increase the plate volt-
age.

Bias Critical

The required bias is somewhat critical,
especially if the emission of the tube is low.
The circuit will oscillate most easily when
the bias is adjusted to the value at which
the slope of the curve is greatest. Another
advantage of choosing this point is that the
generated wave will be nearly pure.

Whether or not the circuit will oscillate
under these conditions depends on the L/C
ratio of the resonant circuit. The higher this
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FIG. 5
The symmetrical Colpitts
oscillator shown here sta-
bilized by reactances in
both the grid and the as
plate circuits.

ratio the more easily will the circuit
oscillate. [For radio circuits the ratio
is likely to be low. Hence to make
r-f circuits oscillate it may be neces-

sary to use the highest safe plate voltage
in order to permit a high value of emission.
When the r-f oscillator is used in a re-
ceiver the L/C ratio will vary and there-
fore when tests are made for oscillation the
tuning condenser should be set at maximum
value, where the L/C ratio is least. Then
if the circuit oscillates at that setting of
the condenser chances are good that it will
oscillate at all other settings.

Since the correct bias is critical and also
comparatively large, it is best to get it from
a drop in a resistor in the negative lead of
the B supply rather than from the drop of
a resistance in the cathode lead of the oscil-
lator tube. This is indicated in Fig. 3 by
putting the bias resistor R between B minus
and ground. The resistor can be varied to
give any required bias.

When there is no current in the grid cir-
cuit and when the bias and the amnlitude are
such that the swing is entirely in the nega-
tive region, no power is consumed in the
erid circuit, and the oscillator oscillates
more easily.

Symmetrical Colpitts

One of the most attractive of the stabil-
ized oscillators s the symmetrical Colpitts.
A form of this is shown in Fig. 5. Here C
and C are two identical variable condensers
which when in series form the tuning ca-
pacity. L across these two condenress is the
tuning coil. Besides L there are two equal
coils /2, each of which has an inductance
equal to one-half of the inductance in the
resonant circuit. These are the stabilizing
inductances.

Cl in the feedback circuit is used as a
stopping condenser. It is a disturbing in-
fluence but if it i1s large its effect on the
frequency may be neglected. A suitable
value of a broadcast oscillator is 0.01 mid.
Ch is a radio-frequency choke through which
the plate of the tube is fed. This, too, is a
disturbing influence but if its inductance is
of the order of 10 millihenries. or more, its
effect on the frequency is negligible. R, the
arid leak, may be as low as 5,000 ohms and
it should not be higher than 50.000 ohms. or
the grid might block.

This circuit is not at all critical in re-
spect to plate voltage or emission. but it
assumes that the two tuning condensers re-
main equal at all settings.

Frequency of Resonance

The frequencv of resonance is determined
by L and one-half C. Hence for a given
value of C the inductance must be twice as
large as it would be if only one of the con-
densers were connected across it. Thus if
the oscillator is to cover the broadcast band
with two condensers of 350 mmfd., the coil
should have an inductance of 480 microhen-
ries. Each of the stabilizing coils should be
240 microhenries.

The circuit in Fig. 5 is of the grid leak
and stopping condenser type and therefore it
is partly stabilized in this manner. Hence
if there should be a slight unbalance it will
not be serious. The stability oi the fre-
quency will remain good. Rather large varia-
tions in filament current and the plate volt-
age will have only a negligible effect on the
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A tuned plate oscillator
can be stabilized by tun-
ing the grid circuit also
is done here.
condensers are needed.
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Two  figure.

frequency. This particular oscillator is es-
pecially suitable for a laboratory oscillator,
and is due to Llwellyn. For oscillator in a
superheterodyne it is not so inviting be-
cause of the necessity of using two variable
condensers.

In Fig. 5 the choke coil in the plate circuit
can be replaced hy a resistor of the same
value as the grid leak resistance, provided
that this is not too large. A resistance of
10,000 ohms can well be used for each.

Theory of Circuit

In Fig. 5 are three tuned circuits. The
first is the resonator, consisting of LCC. the
second is the grid circuit consisting of one
L/2, one condenser C and the grid leak, the
third is the other L/2, the other C and the
plate circuit resistance. These circuits are in
resonance with the same frequency at all
times, and it is at that frequency the cir-
cuit oscillates. Cl is so large that it does
not appreciably affect the resonance, and so
is the radio frequency choke when that is
used. Because of this simultaneous resonance
the current through R and the internal re-
sistance of the grid is in phase with the
voltage and the plate current (a-c com-
ponent) is in phase with the voltage. Hence
there is a 180-degree phase difference be-
tween the erid and the plate voltages, and
that is a condition for independence of fre-
quency of the operating voltages.

If grid current is prevented in the circuit
in Fig. 5, which it can be by the method
previously discussed, the voltage across the
arid leak will be a pure sine wave, for only
the fundamental can get through the tuned
circuits. But grid current would spoil the
purity.

Stabilization with Condenser

In Fig. 6 is a stabilized oscillator in which
the stabilization is effected with a condenser
Cs in series with the grid winding. Primari-
ly the oscillator is of the tuned plate type
and the resonator is the LC combination. Cl
in this is supposed to he so large that it
does uot appreciably affect the frequency.
It should have a value of 0.01 mid. or
larger if the oscillator is ta cover the broad-
cast band.

But the grid circuit also contains a reson-
ant circuit, L2C2. If this is always in tune
with the same frequency as the resonator
the circuit is frequency stabilized. L2 has
the same value as the coil in the resonator
then C2 should have the same value as the
tuning condenser C. Therefore two equal
condensers are required, the two being tuned
with the same control.

Effect on Oscillation Condition

It is clear that if 1L.2C2 are resonant to
the frequency of oscillation the current in
the external grid circuit will be in phase
with the voltage. Current will flow in R
whether or not current flows in the grid cir-
cuit of the tube. Stabilization is not upset
if the grid does take current. This oscilla-
tor has no particular advantage over the Col-
pitts oscillator in IFig. 5, for it requires just
as many tuning condensers. However, it
requires only one coil. although it has two
windings of equal inductance. It is noticed
that C2 serves the dual purpose of grid stop-
ping condenser and tuning condenser. Since
this circuit has a grid leak and a stopping
condenser it will have fair frequency stabil-
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The tuned grid oscillator
can be stabilized by the
plate circuit as in this
This requires two
condensers.
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FIG. 8
The symmetrical Hartley
oscillator is stabilized re-
gardless of grid current.
It is not suitable for a
variable frequency.
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+ Ch

ity even if L2 and C2 are not in tune with
the oscillation.

~ In nearly all cases when a condenser or
inductance is used for stahilizing the fre-
gency the effect is of bringing the grid volt-
age _and plate current in phase. When they
are in phase the circuit is most stable and
at the same time the circuit oscillates most
readily. Hence these devices will make the
osbcxllator function more easilv. The circuit
will oscillate with less plate voltage or with
less filament voltage than if there were no
stabilizing reactances.

Fig. 7 shows a nearly stabilized oscil-
lator in which the grid circuit is tuned.
Here the plate circuit is tuned with the os-
cillation frequency, LICIl having the same
value as LC. The plate is fed through a
choke Ch, which should have such 'a large
value that it does not affect the resonance
cqndm(_)n appreciably. In this circuit is a
disturbing influence in the grid condenser
C2. The larger this is the more nearly is
the circuit stabilized. But practically it can-
not be made larger than 0.001 mfd. The
grid leak should be comparatively low in
value to prevent the grid from bhlocking.
This circuit also requires two tuning con-
(lenser_s. 1 they are equal at all settings,
the coils L. and L1 should also he equal.

Of the two circuits in Figs. 6 and 7 the
tuned plate circuit is the better for it re-
quires fewer parts and it is more nearly
stabilized. But neither is as satisfactory as
the symmetrical Colpitts in Fig. 5.

Stabilized Hartley

The tl}l]ill,&," inductance is made up of two
equal coils the total inductance of which is
The tuning condenser C is connected
across the whole coil. If there is no mutual
inductance between the two coils the circuit
can be frequency stabilized by means of two
conden_sers, one in the grid circuit and the
other m the plate circuit, and each equal to
2C. This oscillator is quite suitable for a
ﬁxe_d frequency oscillator, but not for a
varl_able frequency oscillator, since three
variable condensers would be required.

A modification of this oscillator, but un-
stabilized, is shown in Fig. 9. This occurs
in many br_oa(lcast superheterodynes hecause
of its simplicity. In this a single coil is used
and it is tapped at a point near the center,
to which point the cathode of the tube is
connected. A single variable condenser C
1s required and this is connected across the
entire coil.

Th_e only stabilizing influence in this cir-
cuit is the stopping condenser Cl and the
grid leak R. How these parts stabilize the

frgquency was explained in connection with
Figs. 1 and 2. ‘

Low Loss Effect

In any oscillator one condition for fre-
quency stability is that the losses in the re-
sonator be as low as possible. Since most of
the losses occur in the tuning coil, it is im-
portant to construct the coil so that it have
as little resistance as practicable. This rule
is violated in nearly all oscillator coils used
for superheterodynes hecause it is found that
the circuit will oscillate even when the re-
sistance of the tuning coil is quite high.
\"S’heu frequency stability is not important
high losses in the oscillator coil are of no
consequence just so the circuit will oscillate.

(Continued on next page)
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“MIKE” AMPLIFIER

Portable Address and Phonograph Magnifier

By Leo Spiser

Harvey’'s Radio Shop
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FIG. 1

A three-stage, six-tube microphone amplifier with its own power

supply.

The push-pull stages insure a high quality amplification.

Two methods of controlling the volume in the case when the amplifier
is used with a phonograph pickup are shown in inset.

ORTABLE microphone amplifiers are

now being built in greater numbers.

Many of these are built and operated
for hire by service men and radio dealers.
The owner supplies not only the amplifier
but also the microphone or microphones, to-
gether with the operator. Manv occasional
users have found that hiring the amplifier
1s less expensive than to purchase one and
also that the results are better because of
the experienced operators who accompany
the equipment. Moreover, the owner of the
device has found that there is more profit

in hiring out such a device than to sell it.

Just what kind of circuit is suitable for
such an amplifier? Well, the circuit in Fig.
1 has been built by a radio dealer who is
doing considerable business renting out mi-
crophone amplifiers and it is one of the cir-
cuits he uses. It is a straightforward am-
plifier with a single 56 in the first stage,
two 56s in push-pull arrangement in the
second, and two 2A3 in push-pull in the out-
put stage. The rectifier in the power supply
is a 5Z3.

The first 56 tube is biased by means of

a 3,000-ohm resistor in the cathode lead.
This resistor has a higher value than that
usually recommended for this tube. The
reason is that there is a 50,000-omh resistor
in the plate circuit which cuts the current
down to some extent. The function of this
resistor, in conjunction with the 2 mfd.
condenser connected between the cathode of
the tube and the plate resistor, is to filter
out stray currents, both of hum and of sig-
nal. The filter confines the signal output
of the tube to the condenser and the primary
of the transformer and it also prevents such
currents from entering the tube bv way of
the B supply.

It will be noticed that a 10 mfd. electro-
lytrc condenser is connected across the bias
resistor. This effectively eliminates re-
verse feedback in the tube itself and hence
prevents a reduction of the amplification.
The condenser is large enough to be ef-
fective even on the lowest essential audio
irequencies.

The push-pull audio input transformer
between the first and the second stages is
one that has been designed for first rate
quality, that is, equal amplification of all
the audio frequencies entering into speech
and musical sounds.

The Second Stage

The second stage is biased by a resistor
of 1,500 ohms in the common cathode lead
of the two tubes. This possibly is not high
enough to give an adequate bias in view of
the fact that there is a 100,000-ohm coupling
resistor in each of the plate circuits and
a common resistor of 40,000 ohms, and it
may be that on strong signals the grids will
take current. This could be prevented hy
increasing the bias resistance to about 3,000
ohms. But the lower value was actually
used in the amplifier as constructed.

The 250,000-ohm resistor in the common
grid return of the two tubes prevents dis-
tortion to some extent even when the grids
take a little current, which occurs only on
the strongest, lowest frequency signals.
Even when the grids do not take current

;Wobbulation, ”or Cha

(Continued jrom preceding page)

Up to the present no attention has been
given to frequency stability of the oscillator
in broadcast superheterodynes because there
have been more important problems to solve.
But that will not continue. It will be found
that some of the troubles are due to instabil-
ity of the oscillator and that the solution will
be found in stabilization.

Another thing that will receive more at-
tention in the future is the generation of a
pure wave for impression on the modulator.
The elimination of interfering noises will
force this attention. There was a time when
radio engineers satd that people who used
superheterodynes expected a variety of
squeals and growls, but they do not do that
now, for now they know that the squeals are
not unavoidable. Well, one way of eliminat-
ing undesirable noises is to keep harmonics
out of the mixer. Of course, harmonics are
not the only source of squealing in a super-
heterodyne.

There is a phenomenon in modulation that
is called “wobbulation.” This is a change
in the frequency of the carrier resulting
from the changes in the circuit effected by
the modulating voltage. In other words, it
Js a {requency modulation on top of the

amplitude modulation. One of the main rea-
sons for stabilizing oscillators of transmit-
ting stations is to avoid “wobbulation” for
simultaneous frequency and amplitude modu-
lation gives rise fo distortion.

In a superheterodyne we have a generator
and a modulator and they are closely coupled.
It is reasonable to suppose that in most
superheterodynes there is “wobbulation”
since the frequency has not been stabilized.
This must give rise to distortion even if
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This simple Hartley is suitable for

a variable frequency oscillator but

it can only be stabilized at one
frequency, .
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nge in Carrier Frequency

the output of the modulator is a super-
audible frequency, the intermediate frequency.
This suggests that it is at least desirable to
design broadcast superheterodynes with as
as high frequency stability as possible. If
the frequency cannot be changed by changes
in plate and filament voltages, there will be
no change as a result of mixing. Then one
source of distortion and noises has been
eliminated.

If, on top of this, the generated wave be
made free of harmonics before it is impress-
ed on the mixer tube, another prolific source
of distortion and squealing will have been
removed. Many of the latest oscillator cir-
cuits are not only unstabilized but they are
such that the wave impressed on the mixer
tube by the oscillator is extremely distorted.
Yet the circuit gives fairly good results as
judged by freedom from noises. How much
better it would be if only pure waves were
mixed !

There is a good reason, of course, why
mixing of distorted waves is used in many
popular circuits—the sensitivity is greater.
Where the greatest gain is to be obtained
with the least possible number of tubes. it
is not practical to throw away anything
just to get rid of undesired noises.
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the resistor in the grid circuit helps to im-
prove the quality.

In this stage also, although it is push-
pull, a 10 mid. electrolytic condenser is
used across the bias resistor. It is also con-
nected so that it is across the 230,000-ohim
grid resistor. This makes the condenser
many times more effective in preventing re-
verse feedback than if it were connected
across the bias resistor alone.

Plate Filtering

As in the preceding stage, a plate circuit
is also used in this push-pull stage. It
consists of a 40,000-ohm resistor in the plate
supply lead and-.a 2 mfd. condenser between
this resistor and the cathodes. This ef-
fectively confines the signal to the tubes
and keep any disturbances that mav exist in
the B supply, such as hum and signal fre-
quencies, from entering the amplifier circuit
proper. Of course, the push-pull arrange-
ment is also effective in keepirg disturb-
ances out.

The output of the first push-pull stage
is passed on to the next through two 0.01
mid. condensers and two grid leak resist-
ances of 250.000 ohms each. The conden-
sers are sufficiently large to insure trans-
fer of the lowest audio frequencies without
any appreciable reduction on volume. More-
over, the grid leaks are not so high in value
that grid current will cause distortion by
blocking the grids. Yet they are high
enough to prevent loss of signal voltage.

Output Stage

The output stages contain two 2A3 tubes
in push-pull, and therefore the amplifier is
capable of enormous undistorted output, as-
suming that an adequate speaker and the
proper output transformer are used between
the power stage and the voice coil. With
a 5.000-ohm load on each tube and a bhias of
62 volts, the rated undistorted output is 10
watts.

The tubes are self-biased with a 750-ohm
resistor connected hetween the centertap of
the filament winding and ground. Since the
plate current of each tube is 40 milliamperes
and the current through the bias resistor is
twice that, the bias is 60 volts. That is the
operating bias, but, of course, the voltage
varies little due to the fact that the tubes
are self biased. To prevent wide fluctua-
tions in the grid voltage by reverse feed-
back, a 10 mifd. condenser is connected
across the bias resistor.

Filament Supply

There are two 2.5-volt windings on the
power transformer for supplying the fila-
ment current. One of these is used for the
2A3 tubes and the other for the three 56s.
The terminals of the winding for the 50s,
which are indicated by XX, are shunted by
a 20-ohm, centertanped resistor, with the
tap grounded for the purpose of eliminating
hum from this source.

The power transformer also has a 5-volt
winding for supplying the filament current
for the 5Z3 rectifier. The winding is not
centertapped since this is not necessary to
avoid hum.

Then there is also a high voltage winding
on the transformer, which is centertapped.
This is wound so that with 110 volts on
the primarv the rectifier will supply 300
volts for the plates of the 2A3s and the
necessary bias of 60 volts.

Across the d-c line are two 8 mfd. elec-
trolytic condensers and in gseries with the
positive lead is a 30-henry choke. This
filter is adequate to remove hum to the ex-
tent that none is heard in the output of the
speaker. provided. of course, that the speak-
er itself does not hum.

High Power Speaker

A high-power speaker should be employed
for otherwise the design of the amplifier has
been futile. Tt is assumed that the speaker
has its own field supply, since no provision
has heen made for it in the amplifier. Any
speaker that is worthy of use in a public ad-
dress svstem capable of putting out 10 watts
of undistorted power usually has its own
power supply. This, however, does not

prevent the use of a large speaker that has
a high resistance field that may be connect-
ed in parallel with the last filter condenser
for such a field will not overload either
the rectifier or the filter. An -adequate
power transformer ought to be used in any
case.

The output transformer shown in the am-
plier may he the transformer built into
the speaker if this has been designed to
match impedances. Otherwise a special
matching transformer should he used for
best results.

Input to Amplifier

The coupling hetween ihe amplifier and
the microphone depends on the type of mi-
crophone and the volume control employed.
If a single button carbon microphone is
used, a microphone to tube transformer
without a centertap on the primary should
be employed. but if a double button micro-
phone is used a similar transformer with
a centertap should be employed. In either
case the secondary should have a high im-
pedance since it is to work into a tube.
If a potentiometer is to be used for volume
control it should be connected across the
secondary of the microphone transformer
and the grid of the tube should be connected
to the slider. In such a case the trans-
former will work between two definite re-
sistances, the resistance of the microphone
and that of the potentiometer. The trans-
former then could be designed to work be-
tween these two impedances to give the best
results. Moving the slider over the re-
sistance of the potentiometer does not ap-
preciably change the impedance as long as
the grid of the tube does not draw current.
Hence it is not necessary to provide a con-
stant impedance device for controlling the
volume.

Phonograph Pickup

The same amplifier can also be used with
a phonograph pickup without any alterations.
However, in that case a very good volume
control is required. for the amplification in
the circuit is greater than is necessary. The
volume control can be a potentiometer in
this case also. No coupling transformer is
required because the pickup unit can be con-
nected directly to the grid, or across the
potentiometer. It would be connected di-
rectly to the grid if there is a shunt vari-
able resistor built into the pickup and to
the potentiometer if no volume control is
built into the unit. The variable shunt con-
trol is not the hest because varving the re-
sistance across the pickup varies the quality.
On weak volumes the pickup unit would
work, practically, into a short circuit and
on strong volumes it would work into a
high resistance. With the potentiometer it
would also work into the same high imped-
ance, determined by the resistance of the
potentiometer. In Fig. 2 are shown the two
potentiometer.

Inserts Explained

Two small inserts in Iig. 1 show the
two methods of controlling the volume. The
left insert shows the variable shunt and the
right shows the potentiometer. The right in-
sert circuit also shows the method of con-
trolling the volume when the input signal
is derived from a microphone. It is only
necessary to imagine that the winding is the
secondary of the microphone transiormer.

The input cevices here shown are for a
single source only. Where there are two or
more microphones, or pickup units, special
mixers are required, devices which not only
control the volume of all combined but also
which control them individually.

A THOUGHT FOR THE WEEK

RED STONE, that fine actor, real

gentleman and excellent citisen, is a de-
cidedly worthy addition to the list of players
now appearing before the microphone. Mr.
Stone and his daunghters are splendid ex-
amples of what the speaking stage can offer
to the radio public. Mr. Stone is something
more than a successful actor—he is an orna-
ment to the stage and has done wuch to add
to the good name and importance of the
world of the footlights.
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1ype of tube—Heater tetrode,

Socket—Five contact.

Purpose—R-F amplifier and detector.
Overall bheight—4 11/16 inches.

QOverall diameter—1 9/16 inches.

Grid-plate capacity—0.010 mmfd., maximum.
Grid-cathode capacity—3.7 mmfd.
Plate-cathode capacity—9.2 mmfd.

Heater voltage—6.3 volts,

Heater current—0.3 ampere.

Bias Detector

Plate supply voltage—180 volts.
Plate load resistance—0.25 megohm.
Screen voltage*—67.5 volts.

Grid bias—6 volts.

Amplifier, 90-Volt Plate

Plate voltage—90 volts.

Screen voltage—55 volts.

Grid bias—1.5 volts.

Plate current—1.8 milliamperes.
Bias resistance—625 ohms.
Amplification factor—215.

Plate resistance—0.25 megohm.
Mutual conductance—850 micromhos.

Amplifier, 180-Volt Plate

Plate voltage—180 volts.

Screen voltage—90 volts.

Grid bias—3 volts.

Plate current—3.1 milliamperes.

Bias resistance—725 ohms.
Amplification factor—370.

Plate resistance—0.35 megohm.
Mutua! conductance—1,050° micromhos.

*Screen voltages as law as 7.5 volts may be used
and better quality is usually obtained with the
lower screen voltages.

* ok Xk
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Type of tube—Heater triode.
Socket—Five contact.
Purpose—Detector and amplifier.
Overall height—4Y4 inches.
Qverall diameter—1 9/16 inches.
Grid-plate capacity—2 mmfd.
Grid-cathode capacity—3.5 mmfd.
Plate-cathode capacity—2.2 mmid.
Heater voltage—6.3 volts.
Heater current—0.3 ampere.
Amplification factor-—9.2

Bias Detector

Plate supply voltage—180 volts.
Grid_ bias—20 volts.
Load impedance—High resistance or transformer.

Amplifier, 90-Volt Plate

Plate supply voltage—90 volts.

Grid bias—6 volts.

Plate current*—2.5 milliamperes,

Bias resistance®—2,400 ohms.

Plate resistance—11,500 ohms.

Mutual conductance—800 micromhos.
Maximum undistorted output—30 milliwatts.
Optimum load resistance—17,500 ohms.

Amplifier, 180-Volt Plate

Plate supply voltage—180 volts.

Grid bias~13.5 volts.

Plate current*—4.3 milliamperes.

Grid bias resistance*—3,000 ohms.

Plate resistance—10,000 ohms.

Mutual conductance—950 micromhos.
Maximum undistorted output—175 milliwatts.
Optimum load resistance—20,000 ohms.

*The. dgive bias resistances apply only when the
specified plate currents flow. If the K)ad on the
tube is a high resistance a higher value of bias
resistance must be used.

* * %

Type LA

Type of tube—Filamentary power pentode.
Socket—Five contact.

Purpose—Power amplifier.

Overall height—4 11/16 inches.

Overall diameter—1 13/16 inches.
Filament voltage—6.3 volts.

Filament current—0.3 ampere.

Amplifier, 135-Volt Plate

Plate voltage—135 volts.

Screen voltage—135 volts,

Grid bias—9 volts.

Plate current—12 milliamperes,

Amplification factor—100,

Plate resistance—53,000 ohms.

Mutual conductance—1,900 micromhos,
Maximum undistorted output—700 milliwatts.
Optimum load resistance—9,500 ohms.

Amplifier, 165-Volt Plate

Plate voltage—165 volts.

Screen voltage—165 volts.

Grid bias—11 wvolts.

Plate_current—17 milliamperes.

Amplification factor—100.

Plate resistance—48,000 ohms.

Mutual conductance—2,100 micramhos.
Maximum undistorted output—1,200 milliwatts.
Optimum load resistance—8,000 ohms.
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MODULATION RIGS
VTVM a Simple Means of Measuring Effective Percentage
By J. E. Anderson
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FIG. 1

This circuit can be used for measuring the percentage

modulation when the rectifier presents a high impe-
dance at speech frequencies.

DVANCED radio experimenters often

have occasion to measure the per-

centage of modulation of radio fre-
quency signals, usually those which they
themselves have produced in the laboratory
for the purpose of making tests on receivers.
Such measurements are not as difficult as
at first thought they appear to be. Let us
outline methods by which they may be made,
using simple equipment.

Referring to Fig. 1, V is a diode rectifier
on which the signal is impressed. Cl is
merely a stopping condenser to prevent di-
rect current to flow in the input circuit. It
should be so large that it offers a low im-
pedance to the carrier frequency. For a
broadcast signal a value of 0.005 mfd. might
be used. Resistance R should have a large
value so that its resistance is large compared
with the resistance of the rectifier tube when
this is conducting. A value of 1 meg 1is
suggested. C2 is a by-pass condenser for
the carrier current. Its value should be
such that its reactance at carrier frequencies
should be small compared with the resist-
ance of R and such that its reactance is
Jarge compared with the resistance R at
speech frequencies, e.g., 0.0001 mfd.

Separating Components

L is a high inductance, low resistance
choke coil, say, 100 henries, and C3 is a
large condenser which has negligible re-
actance at the speech frequencies, say, 10
mid. The object of L and C3 is to send
all the current of speech frequencies through
current meter M2 and all the direct current
resulting from rectification through: current
meter M1. M1 may be any milliammeter
and M2 an a-c meter that will measure
about the same range of currents. It should
be accurate on speech frequencies, and hence
may be a thermo-couple type of meter.

The combined impedance of L1 and C3,
with the meters, should be low compared
with the resistance R at speech frequencies.

The circuit is in effect a vacuum tube
voltmeter in which the current through R
is directly proportional to the amplitude
of the carrier voltage and in which this
current follows the modulation. If a non-
current drawing oscillograph is connected
across R, the percentage modulation could
be measured from the graph obtained. But
an oscillograph is not to be found in every
experimenter’s laboratory.

Again referring to Fig. 1, suppose that
the d-c meter M1 gives a current reading I,
and the a-c meter M. gives a reading I,

both expressed in the same units, then
the effective percentage of modulation is
141.41:/T,. This holds when the carrier is
modulated with a single tone. In most cases
only a single tone is involved, that is, when
the modulated carrier has been produced in
the laboratory for test purposes. It is not
necessary to complicate the tests by having
sg:veral modulating frequencies at the same
time.

A Circuit Variation

The circuit in Fig. 1 is supposed to be
used when the rectifier presents a high im-
pedance at speech frequencies. A diode rec-
tifier can be considered as having a high im-
pedance. When the rectifier presents a low
mmpedance at speech frequencies the modula-
tion meter should be arranged as in Fig. 2.

The method of measuring the effective
percentage modulation as indicated in Figs.
1 and 2 is available to almost every one
who does any experimenting with radio and
receivers because all the parts are at hand.
There are few indeed who do not have a
d-c milliammeter with a range of about 100
milliamperes and an a-c meter with about
the same range. Oscillators which may be
modulated with an audio tone are either
easy to build or are already available.

Vacuum Tube Voltmeter Method

A method similar to the above is indicated
in Fig. 3. Here we have a regular diode
rectifier with a high load resistance R, which
is shunted with a condenser Cl that serves
to remove the carrier. This sort of rectifier
is well known, for it appears in every radio
receiver equipped with a diode detector.
When a signal is impressed on the rectifier
a d-c voltage E appears across the load
resistance R. This voltage can be meas-
ured with a voltmeter of very high re-
sistance, or, preferably, with a peak volt-
meter. The voltage E is practically equal
to the peak values of the carrier voltage
impressed. Thus by measuring the peak
of the modulated and the unmodulated
voltages we can get a relation of the two.
The ratio of the two peaks is 1 + k.
where k is the modulation factor and
100k is the percentage of modulation.

This method, however, is not verv ac-
curate because the voltmeter will not ac-
curately measure the peak voltages, nor,
what is worse, will it measure the two
with the same percentage error. But if
the peaks are measured with a true peak

www americanradiohistorv com

FIG. 2

This circuit should be used for measuring percentage

modulation when the rectifier presents low impedance
at speech frequencies,

vacuum tube voltmeter, the accuracy is
good.

Peak Voltmeter

Fig. 4 shows the connections of a peak
voltmeter. Let the tube be one that has
a very sharp cut-off of plate current,
that is, a tube with a very high mu and
one that is not of the exponential type.
A 57 or similar tube is suggested, or any
triode with a very high mu. Connect the
input terminals of this meter across the
voltage to be measured, such as R in Fig.
3. First short circuit the terminals and
adjust the bias on the voltmeter tube
until the plate current, as indicated by a
sensitive meter M, is just brought to zero.
Measure this bias. Now open the short
and let the voltage across R act act in
the grid circuit. There will now be plate
current because the positive swings of
the alternating voltage will make the bias
less than the cut-off bias. Increase the
bias until the plate current again is just
brought to zero, and then measure the
bias. The difference between the two bias
values is equal to the peak of the voltage
across R.

If the voltage across R is first meas-
ured in this manner when it is unmodu-
lated and then again when it is modulated
we liave a means of computing the per-
centage modulation, and this is accurate
to about 5 per cent.

If k is the factor of modulation and E
is the amplitude of the carrier, the modu-
lated peak voltage is E (I 4+ k) and the
unmodulated peak is E. Hence the ratio
of the two is | +k. We have just meas-
ured this ratio. Let us call it A. Then
the factor of modulation is A—1, and the
percentage of modulation is 100 (A—1).

Elimination of Rectifier

When the peak vacuum tube voltmeter
is used we might as well dispense with
the rectifier, for it only introduces one
more element of error. The carrier volt-
age might exist across a tuned circuit,
such as that in Fig. 2. Then connect the
input terminals of the peak voltmeter,
Fig. 4, across the condenser C and pro-
ceed as before. This is the most accurate
of the simple methods.

When applying the peak voltmeter, a
d-c voltmeter should be connected across

‘the bias, that is, from the slider of P to
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FIG. 3

Modulation percentage can be measured with a diode
rectifier of this kind by measuring E when current is
modulated and when it is not.

the cathode of the tube, and this meter
should be left in the circuit all the time
a measurement is under way. This is
merely a precaution to insure that the
two values of bias be accurately
measured.

Another way of measuring the percent-
age modulation that is similar to the peak
voltmeter method involves the use of a
cathode ray oscillograph. If the voltage
to be measured is impressed on one set oi
deflection plates and another voltage of
such value that at least one full modula-
tion cycle will appear on the screen is
impressed on the other pair of detflection
plates, a picture of the modulated wave
will appear on the screen. If the carrier
voltage is held constant a few minutes
there is time to measure the maximum
double amplitude as well as the mini-
mum double amplitude on the screen,
which can be done with a ruler held
against the screen.

The minimum double amplitude is pro-
portional to I — k and the maximum is
proportional to 1 -+ k, in which k is the
modulation factor. Now if the measure-
ment gives B for the minimum and A for
the maximum, we have the proportion
(1 — k)/(1 + k) = B/A, whence k =
(A — B)/{(A + B), and the percentage
modulation is 100 times this ratio.

This method is applicable to any oscillo-
graph that is fast enough faithfully to
follow the carrier swing.

An estimate of the percentage of mod-
ulation can also be obtained by making
use of the fact that there is more power
in a modulated wave than in an unmodu-
lated wave. If the effective value of the
current in 2 modulated wave be measured
with an a-c meter, such as a thermo-
couple, the result is I (14+k2/2)%, in which
I is the effective value of the unmodu-
lated wave and k is the factor of modula-
tion. Thus if we first measure the cur-
rent of the unmodulated and then of the
modulated, with the same instrument, we
get the ratio (14+k2/2)%. Let the meas-
ured ratio be A. Then the modulation
factor is given by k=1.414 (A2-1)*%

If the wave is completely modulated,
that is, if k=1, there is 50 per cent. more
power in the modulated than in the un-
modulated wave, the two having the same
carrier amplitude.

It was said above that the current
should be measured in both instances with
the same instrument. It should also be
measured in the two cases under condi-
tions of equal load. If the load changes
it is not correct to set the squares of the
two currents as proportional to the pow-
ers. As an example of the use of the
power method of measuring the percent-
age of modulation, suppose we insert an
a-c¢ milliammeter in series with the tuned
circuit and tune to resonance in both in-
stances. Here the load is now the resis-
tance of the milliammeter and the squares
of the currents are proportional to the
powers. If we use a thermocouple gal-
vanometer., we may take the two deflec-
tions for they are proportional to squares
of the current.

R
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FIG. 4
This is a peak vacuum tube voltmeter which can be
used in modulation measurements. The peak method is
accurate to about 5 per cent.

PERMISSIBLE PERCENTAGES OF MODULATION

9] R C3 R

-

The close control of modulation in radio broadcasting is of utmost importance be-
cause upon the percentage depends the quality and the carrying power. The higher
the percentage modulation of a certain carrier is, the greater will be the carrying
power of that wave. It is therefore economical to use the highest possible percen'tage
;no.dulation. Other advantages besides economy derive from a high percentage modu-
ation.

But it is not practical to go to 100 per cent. modulation. Indeed. it is not practical
to go above a certain percentage which may be considered low. The reason for this
is that when non-linear modulators and detectors are used, the amount of harmonic
distortion introduced into the signal rises rapidly.

All detectors are non-linear even though thev may he called linear hecause they
happen to be considerablv more nearly linear than some other detector. It js cus-
tomary to sav that the diode rectifier is a linear detector. It approaches linearitv as
the load resistance is increased in comparison with the internal resistance of the
rectifier element and as the amphtude of the signal rises. But to sav that such a
detector is linear to the extent that harmonic distortion is eliminated is being entirely
too optimistic. There is plenty of curvature in the diode rectifier characteristic even
when the device is working under optimum conditions.

The nature of hroadcast sound is such that 100 per cent. modulation is not possible
hecause one sound may be 100,000 times, and even more times stronger than another.
Such wide variations occur almost instantaneously and it is not possible for the moni-
tor to prevent it.

Even if it were possible it would not be permisible because the variation constitutes
the essence of what is broadcast. Hence transmitters are constructed so that they
have a modulation capability of 100 per cent.. or some percentage somewhat less.
This does not mean that the wave ever is modulated to the limit of its capabilitv. It
is hest always to have a factor of safety to prevent overmodulation on unexpectedly
strong signal.

High nercentages of modulation occur as a rule only on the lowest audio frequencies.
On lond crashes of such sounds it mayv be that the wave 1s overmodulated momentarily.
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HE reason for filtering a transform-

er-coupled audio circuit, by using

resistor and stopping condenser, or
choke and stopping condenser, is to keep
the direct current out of the primary and
in that way maintain the primary induc-
tance at its highest practical value. Par-
ticularly since the direct current may
change considerably, it may become too
large, and thus bring about saturation of
the core. This is particularly true the
better the transformer, as high-grade
transformers have special cores of high
permeability. The flux density changes
rapidly and thus the core more quickly
reaches saturation. The situation is not
unlike that in a high mu tube.

If a choke is to be used for the circuit,
and direct current passed through it, the
characteristics of the choke should be ex-
ceptionally good. This increases the ex-
pense. Therefore a resistor may be used,
being inexpensive and also highly suita-
ble. The value of the resistance is not
critical, but it is well to experiment with
different values, for when the right one
is found the sensitivity is greater. The
value of resistance is related both to the
impedance of the primary and to the im-
pedance of the tube circuit.

Trouble with Diode-Triodes

While the 55 tube, for instance, is now
recommended for higher value plate load
resistors than formerly, this is true only
for resistance-coupled audio, for if a
transformer is used, much better results
may be obtained with the resistor value
around 20,000 ohms.

With transformer coupling it is usually
recommended that diode-biasing be not
used, with the 55 and similar tubes. Only
the triodes are suitable for transformer
coupling in any instance, hence the 35, 85
and 75 are included. The primary impe-
dance would scarcely be large enough for
tubes of higher plate impedance, which
includes all pentodes.

However, one point in favor of diode-
biasing, even with transformer primary
directly in the plate circuit, is that the
direct current through the primary is less
the greater the amplitude of the carrier
or modulation. If the circuit is so ar-
ranged that there is always enough voit-
age at any carrier intensity to cause di-
ode rectification there should be no
trouble, as not only would the plate cur-
rent be held low enough, but also dis-
tortion avoided on low-intensity signals.

The use of the diode-biasing method,
or the duo-diode tubes in general, with
triode or pentode amplifiers, has not been
perfected, otherwise there would not be
so much trouble to double-hump tuning,
apparent lack of selectivity, and presence
of heterodyne squeals in superhetero-
dynes.

Limitation of Triode Input

While it is not pretended that hetero-
dyne squeals are caused exclusively in the
diode, or in the triode amplifier unit, it
is nevertheless true that whenever there
is double-hump tuning there is a circuit
producing rich harmonics, and these yield
heterodyne squeals.

‘The double nature of the vice in duo-
diode-triode and duo-diode-pentode tubes
has been pointed out recently in these
columns and consists of the previously-
mentioned distortion at low signal values
and the cutoff of plate current, with ac-
companying distortion, on high ampli-
tudes. The negative bias is equal to the
rectified component of the carrier and its
modulation, and while little information
has been given as to how much the diode
will stand, it is safe practice to keep with-
in 15 or 20 volts of rectification for a
single diode, or 25 microamperes. Auto-
natic volume control is helpful, in that

DIODE-TRIODE E

Improved by Circuit and Vol

By Wayne L. Hemstre
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Top Row—Fig. 1 shows filtered output, where R is the plate load resis
P and S the audio transformer. Fig. 2 reveals transformer primary directly
triode, and Fig. 3 with filtered input to primary, so-called parallel feed.

rectified voltage, where M is the meter proper and R is the voltage-nm

meter.
sensitive instrument.

As at least 0.5 meg. is required, M would have to be a 0-0.5 mil
R is the diode load resistor and C is the

Bottom Row—Fig. 5 shows how the voltage applied to the plate is raised
drop in R2, and an extra filter condenser, at right, introduced to prevent t
tubes paralleled. Fig. 7 gives the diode full voltage and the triode and aut:

than that voltage.

Fig. 8 shows how a.v.c. may be included or excluded

voltage put into the triode, both by switc

it protects against premature saturation
of the amplifier tube in the dual-content
envelope.

Since there are two separate diodes,
with common cathode, and in fact ca-
thode also common to the amplifier, a
choice has to be exercised between full-
wave rectification and half-wave rectifica-
tion, but the solution is easy when one
considers that a certain amount of volt-
age has to be fed to the rectifier before
it will rectify, and that meanwhile there
would be nothing but distortion.

Half-Wave Rectifying Diode

Full-wave rectification has advantages
in a B supply, because filtration i1s simpli-
fied by the frequency-doubling, but the
voltage is twice as great with hali-wave
rectification, and with carrier frequencies
we do not have filtration trouble.

If full-wave rectification is used the
rectiied d-c voltage is approximately
equal to the peak a-c voltage of the car-
rier. The only requirement is that the
load resistor shall be high enough, and

a value of 0.5 meg. is sufficient. How-
ever, the higher the load resistance, the
greater the voltage across that resistor,
and if we are after high rectified voltage
to avoid the low-intensity distortion we
may use values around 1.0 to 5.0 meg. 1

If there is a bypass condenser across
the resistor, and one is commonly neede
for the further assistance of holding uj
the voltage, the higher the resistance the
smaller the condenser should be. For
instance, for 0.5 meg. no higher than 50
mmid. should be used, and 20 mmid
would be sufficient. For load values in
megohms the condenser across the resistor
need be only 10 mmifd. and may be made
up of two insulated parallel wires about
three inches long, as the two plates of
the condenser. Otherwise a 20 mmfd.
equalizer, set at minimum, plates “all out,”
might be used. Values like 0.0001 mfd.
and upward, sometimes recommended in
circuits, are far too high.

The object is to attain a sufficiently
high rectified voltage for complete ab-
sence of distortion on any signal that is
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tor, CS the stopping condenser, and
¢ in the plate circuit of a diode-biased

i

{Fig. 4 is a circuit for measuring the

Wltiplier resistor associated with the
liammeter at 300-volt range, or more
i small bypass condenser.

by the drop in the B choke, less the
wm getting through. Fig 6 shows two
>matic - volume - controlled tubes less
, and all or less than all of the rectified
hing.

]

audible. There might be some audibility,
with distortion, when the amplitude is too
low for complete rectification, but this is
to be avoided. Hence high gain is to pre-
vail at the intermediate level at least, and
may be introduced at the radio-frequency
level as well. The remedies for distortion
due to the other extreme, too high-a car-
rier amplitude, will be considered later.

We must therefore select half-wave rec-
tification, to protect the diode rectifier,
whenever there is any audible signal
When there is no audible signal, as be-
tween channels, since no rectification will
take place, there will be noise-suppression
automatically present, without a separate
squelch circuit. About the only exception
is that the intermediate and radio-fre-
quency amplifiers must not be oscillating,
but such an elementary precaution is tak-
en for granted. Such oscillation will in-
troduce inter-channel noise, because rais-
ing the amplitude to rectifying values
without any station carrier, and will also
cause heterodynes with each and every
carrier.

We must use a condenser of small
value across the load resistor.

We must put the full rectified voltage
nto the triode.

Higher Voltage for Triode Plate

Now, although the diode requires being
well fed with voltage, we are limited as
to the triode. If the load resistor in the
triode plate circuit is high, say, 0.25 meg,,
the resistor may be returned to the volt-
age next to the rectifier filament. Hum
would be present for want of the extra
filtration from the B choke and the con-
denser bank after the choke, but can be
compensated by using a series resistor
of around 50,000 ohms, and an 8 mid.
condenser.

The expedient of raising the B voltage
on the triode is therefore taken without
requiring any increase in voltage from
the power transformer or from any other
source, and the higher the carrier ampli-
tude, the higher will be the effective plate
voltage, because as the curreunt through
the Limiting resistor becomes less, the
less the drop in those resistors. Before
saturation is reached the voltage at the
plate (effective voltage) is almost equal
to the applied voltage, that is. the drop
in the resistors is small. To the same
general purpose is a distortionless relay
described in last week’s issue.

While it is customary to speak of “how
much voltage the diode will stand,” it is
more sensible to consider the current.
The voltage is limited by the breakdown,
and this is far removed from any voltage
likely to be put in, although it will be
shown that the rectified component of
the carrier may reach an astonishing
value. The limiting factor is the current,
and since we have two diodes and hali-
wave rectification, we may parallel the
diodes and thus double the current-hand-
ling capacity.

Two Tubes Paralleled

Moreover, there should be no objection
to using two 355 tubes, although parallel-
ism would prevail throughout, because
then the current handling capability is
four-fold, compared to a single diode,
since four diodes are tied together. and
by parallelling the plates, grids and the
cathodes of the two envelopes, we have
a much better performing triode, one with
its plate-current cutoff point farther *“‘to
the left,” that is, more negative biasing
may prevail. This bias, be it remem-
bered, is carrier-controlled.

It is a fact that as much as practical
should be put into the diode, and let us
see how much that may be on occasion.
An 8-tube superheterodyne was built, con-
sisting of a t-r-f stage, a tuned input to
the modulator, a tuned oscillator, two
stages of i-f, a duodiode detector, triode
of 55 diode-biased, and a filtered input to
a push-pull transformer that fed 2A3'%s.
The oscillator-modulator was a 2A7. The
eighth tube was the 3Z3 rectifier. .

120 Volts from WOR

The strongest local station at the test-
g point was WOR, Newark, N. J. No
automatic volume control was included
at this time. The rectified voltage, meas-
ured in the diode load circuit, for WOR,
was 120 volts. Nothing but hash was
heard, naturally, as the {following tube
was a triode, the normal bias for which at
250 volts is 12 volts, and at 350 volts as
used in the manner previously explained,
might be 17 volts normally, and could be
20 volts without any serious consequences.
Naturally, with an input to the triode six
times as great as the triode could stand,
nothing could be expected to come out of
the triode except noise. The voltage was
indeed just large enough to load up the

push-pull tubes, by skipping the triode
entirely, which might be done could a
suitable method he found for coupling the
diode load to the push-pull stage. A trans-
former primary would not have a high
enough impedance, however coupled, as
the diode in this respect may be likened
to a tube of very high plate resistance.

Stations like WEAF, WJZ and WABC
developed voltages around 60 to 80, also
out of question so far as the triode was
concerned, although with four diodes
paralleled as described, the needle wob-
bled only a little in the diode circuit even
under the exacting excitation of 120 volts.
While there was no likely way of utiliz-
ing this high voltage, at least the diodes
stood up under it, and the triodes con-
stituted the limiting factor.

Effect of A. V. C.

So, while it is true that as much as
practical should be put into the diode,
not all of what goes into the diode should
be put into the triode, unless the diode
input is itself limited neccessarily. This
condition would exist if automatic volume
control were appled to the two intermedi-
ate amplifier tubes. When this applica-
tion was made the strong locals gave
about the same value of rectified voltage,
around 6 volts. The equalization was
manifest, especially as th€ wide disparity
between 120 volts for WOR and 60 to 80
volts for three other local stations, was
wiped out.

Naturally one would ask what is the
sense of developing sensitivity only to
sacrifice it? The expenditure on a.v.c.
is quite enormous. Not only does ampli-
fication or sensitivity decline, hut there
is some reduction in the selectivity as
well. This follows from the introduction
of high resistances in the grid circuits,
no matter if bypassed completely in the-
ory, and from the broadening of the re-
sonance point due to unequal frequency
changes resulting from resistance altera-
tion in the tube circuits. Automatic vol-
ume control of course changes the plate
resistance of the controlled tubes, and
may not change it quite to the same ex-
tent, due perhaps to difference in the
tubes themselves. Change in resistance
represents a change in frequency, since
resistance has an appreciable effect on
frequency, noticeable even at the low fre-
quency levels of commercial intermedi-
ates.

Atmospheric Conditions

However, there was no blasting when
tuning through locals, the a.v.c. was ef-
fective on all loud signals, but it did
reduce also the sensitivity on weak sig-
nals, for the reason that it reduced sen-
sitivity generally, only more so, of course,
on the stronger carrier amplitudes.

There is little likelihood of getting into
distortion trouble on a 6-volt input to the
triode, but conditions affecting the per-
formance of the receiver in all ways ex-
cept perhaps only tone may be expected,
due to atmospheric conditions, so 6 volts
at the time of measurement may be 12
volts at some other time of use, when
no measurement is taken. While 6 volts
will not give double-hump tuning, 12 volts
might; therefore it is preferable still to
put as much as possible into the diode,
but not to take out of the diode the full
voltage for input to the triode. Some
fraction of it may be taken, say, half or
three-quarters. And, since as much as
possible is put into the diode, and as the
effect of a.v.c. is perhaps greater than
was at first suspected, we might take the
a.v.c. voltage from the triode input point,
rather than from the negative extreme
of the load

The foregoing considerations apply par-
ticularly to the broadcast band of fre-
quencies.
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CAPACITY AND FREQUENCY

Measured in an Oscillator
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Curve based on tuning condenser capacity, using a test oscillator with

the tuning condenser G-R 247 and a coil having an inductance of 260

microhenries. The ordinates represent micromicrofarads, the abscis-

sas the dial settings for both directions of numerical reading. The
frequencies of the basic points are given.

TEST oscillator was constructed, using
General Radio Company’s 247 con-
denser, rated capacity 500 mmfd.,

with tuning coil of 260 microhenries induct-
ance. The frequency span was from 401 kc
to about 1,600 ke, a frequency ratio of about
4, hence a capacity ratio of 16-to-1. By ex-
terpolating the curve, though in an erratic
region, the maximum capacity appeared to
be 600 mmifd., which of course included the
distributed capacitative constants of the cir-
cuit, hence the minimum would be 34+
mmfd., and from 44 mmifd. to lower values
the curve is exterpolated.

While the curve gives the capacity exist-
ing, to determine the amount of capacity in-
troduced by the condenser alone, it would
be necessary to deduct the distributed con-
stants. These are principally the tube ca-
pacity, the distributed capacity of the coil,
the capacity due to wiring, socket. etc.. or-
dinarily a stumbling block for any one lack-
ing precision instruments. However. it is
practical to reach a good approximation by
the following method:

A 56 tube was used in a Hartlev circuit.
The mutual capacity, grid to plate, of such
a tube is 3.2 mmfd., the grid-to-cathode ca-
pacity is 3.2 mmfd. and the plate-to-cathode
capacity is 2.2 mmfd. The mutual is across
the tuned circuit. The two others are ef-
fectively in series, equalling 1.3 mmfd., there-
fore the tube contributed 3.2 4+ 1.3 = 4.5
mmfd. The table of tube capacity constants
appears in Edward M. Shiepe’s book. “The
Inductance Authority.”

It is merely a matter of interest to know
what these capacities are likely to be, for
the other distributed capacities prenonderate.

The tuning condenser capacity is not now
considered.

Since the solenoid type of coil construc-
tion develops a distributed capacity effect-
ively a ratable condenser across the ex-
tremes of the winding, if the stator connec-
tion of the tuning condenser is removed, the
sum of the distributed capacities will be
sufficient to let the circuit oscillate. An ad-
ditional test oscillator is necessary to check
the new frequency, or a calibrated receiver
that operates in the so-called police band.
Since the inductance of the coil is known,
the sum of the distributed capacities can be
comnnted from the frequency obtained, or
the result may be read from the inductance-
capacity-frequency chart that is a supple-
ment of Mr. Shiepe’s book. This chart
reads from 1 mmfd. up to 0.1 mifd.

So if the frequency is 3,000 kc the dis-
tributed capacities amount to 13 mmfd, and
since the total with condenser included was
38 mimnfd., the minimum of condenser alone
is 25 mimfd. So if an unknown capacity is
to be determined by substitution for the
tuning condenser, 13 mmfd. (or other de-
termined value) should be subtracted from
the values obtained from the curve. or a
new curve made representing capacities 13
mmfd. less than the apparent.

The capacity curves for any condenser
may be run by the user himself, especially
as the results herewith given will be ap-
proximately correct for him if the cotl is
duplicated. The coil he can wind, using No.
32 enamel wire on l-inch diameter tubing,
putting on 130 turns, tapped at the 20th
turn from the ground end. The tap con-
nects to cathode of the tube. The line a.c.

www americanradiohistorv com

Capacity Table, with
Key to Running
a Frequency Curve

Using a particular condenser, General
Radio 247, and a particular inductance, 260
microhenries, most of the intermediate fre-
quencies, all of the broadcast frequencies,
and a few police frequencies may be reached
with a single condenser-coil combination in
an oscillator. The capacity in the circuit at
any frequency may be computed, and this
was done, using one reference point, 440
mmifd., obtained from a precision condenser.
It checked fairly. The experimenter need
not make this check-up. The capacity
answers in the chart are for the 247 alone,
not including some small part due to tube,
wiring, socket, etc., which may be evaluated
also, as described in the accompanying article.

The measuring method of removing the
tuning condenser and substituting a conden-
ser of unkown capacity can not be applied
accurately without knowledge of the amount
of the capacity contributed by the tuning
condenser alone in the original calibration.
The following table gives {requency, dial
setting and equivalent capacity, using the
aforementioned condenser and coil. As an
approximation it is satisfactorv to use the
substitution method. The strays may be 15
mmfd.

Dial Setting ke mmid.
2.5 or 97.5 405 580
4.1 to 959 430 440
39.2 or 60.8 570 330
45.0 or 55.0 610 260
51.6 or 48.4 660 230
57.7 or 423 710 195
61.4 or 38.6 760 170
65.3 or 34.6 810 145
68.6 or 31.3 860 125
79.5 or 20.5 1,070 86
820 or 180 1,140 78
87.5 or 125 1,290 60
88.3 or 11.7 1,320 56
90.5 or 9.5 1,400 49
91.0 or 9.0 1,420 47
925 or 75 1,500 44

may be used on the plate. The grid con-
denser may be 50 mmid. and the grid leak
2 meg., connected as a parallel circuit in
series with the tuned circuit. The diagram
as on page 5 may be followed.

The coil is not shielded, as shielding
would change the inductance and also the
capacity in a manner not readily ascertain-
able. The circuit constants will be dupli-
cated, so the higher capacity end of the con-
denser may be taken as a check-up at 440
mmid. for 430 kc., or other frequency used.
assuming one has a calibrated condenser ad-
ditionally. If the dial reads larger numerical
settings for higher frequencies (as on the
curve) this setting would be about 4.1, but
if the dial reads higher numbers for higher
capacity. the reading would be 959 for the
247 condenser. which is widely distributed.
and many experimenters have it. Also, if
they have the type 247-E, which has straight-
line capacity plates. and is calibrated. a
double check may be made. If 247-E is
used as the tuning condenser exclusively,
while the capacities may be read directly
from the dial, the dial is not one particular-
ly suitable for oscillator frequency calibra-

) (Continued on page 18)
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A microphone amplifier circuit that can be used on either d.-c or a-c li.nes.
The heaters are in series and the rectifier is in the circuit all the time.

Microphone Amplifier for D-C

IF YOU HAVE a diagram of a d-c
operated amplifier that can be used with a
microphone, please publish it. I should like
to have two tubes in the output stage, either
push-pull or in parallel. It is important that
the amplifier do not weigh much—E. R. Y.

The diagram of this page is a d-c and
a-c amplifier. The filaments of all the tubes
are connected in series and the last two tubes
are in parallel. Resistance coupling is used
between the stages in order to minimize
weight. The necessary high gain is mainly
obtained from the 77 tuEe.

* *

Use of 53

COULD A 53 tube be used as a super-
heterodyne mixer by impressing the oscil-
lator frequency on one grid and the sig-
nal frequency on the other, and then ty-
ing the two plates together for connection
to the first intermediate transformer? If
this is not feasible, could you suggest any
other ways of using this tube as mixer?
—W. H.

Specific data are not available on this
tube in the application. But the theory
indicates many ways of utilizing the tube
as mixer. Undoubtedly, mixing would re-
sult when the tube is connected as you
suggest, provided that the biases of the
two grids were adjusted correctly. An-
other possibility is to use one side of the
tube as oscillator and the other as modu-
lator, the two plates being tied together.
This appears to be a good use for the
tube. But there is no assurance that
the net results would be better than those
obtained in the regular mixer connections.
It is possible that they would not be as
good as those obtained with a pentagrid
tube. There is much opportunity for ex-
perimenting with the 53 along this line.
Both static and dynamic curves should
be taken on the tube with the idea of
finding the conditions of operation that
will give the best results. Such experi-

ments will be reported as soon as we have
obtained the data, whether from some

other laboratory or our own.
* L *

Application of 53

IS IT POSSIBLE to bias the two grids
of a 53 or of a 19 differently when the
two sections of either tube have the same
cathode? How can this be done?—S. G.

Surely, it is possible. It may be done
several ways. First, batteries can be used
for grid bias. Second, voltage drops in
the B supply return can be used, in which
the two grids are connected to different
points on the resistor. Third, in the case
of the cathode type tube, a cathode re-
sistor can be employed to give the bias.
If the resistor is chosen so that it gives
enough bias for the tube that requires the
higher. the grid of the other section can
be returned to a tap on this resistor.

k%

Antenna Arrays

WHAT IS AN antenna array and for
what purpose is it used?—M. M.

An antenna array is a system of simple
antennas arranged in a definite geometric
pattern, usually in a horizontal line or in
a vertical column, all elements being sim-
ilar and all fed from the same source in
phase. The object of such a system is
to transmit in, or receive from. a given
direction. Great improvement in trans-
mission and reception has been effected
bv such systems. . x

Faulty Terminology
JUST WHAT IS the meaning when

the sensitivity of a receiver 1s expressed
in microvolts per meter? 1 have never
been able to understand this expression.
—A. N. C

Apparently the expression has no mean-
ing and is the result of confused termin-
ology. The expression ‘“microvolts per
meter” refers to field strength. A re-
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ceiver does not respond to field strength
but to volts. The sensitivity of a receiver
should be expressed in terms of volts. It
may be given as the number of volts, or
microvolts, that will give standard out-
put. Although this does not exactly ex-
press sensitivity, it is, perhaps, the best
way to put it. The sensitivity is really
the amplification. But what amplifica-
tion? It should be power amplification,
but then there is no way of determining
what power is put in. If we express the
amplification in terms of a voltage ratio
we have difficulty at the output end.
* k%

Transconductance

WHAT IS THE meaning of the term
transconductance? Please definpe it in
simple terms. Is it the same as mutual
conductance?—E. P,

Transconductance is defined as the ra-
tio of the change in the current in the
circuit of an electrode to the change in
the voltage on another electrode. Thus
the grid-plate transconductance is the ra-
tio of the change in the plate current to
the change in the grid voltage. The
grid-plate transconductance has been
called the mutual conductance. When the
term is used alone it usually means the
grid-plate transconductance, that is, the
mutual conductance.

* ok *

Harmonics in Oscillator

DOES THE grid leak and stopping
condenser type of oscillator generate a
pure wave or does it produce the har-
monics as well as the fundamental? If -
the output is rich in harmonics how can
these be eliminated before they are im-
pressed on the mixer tube in a super-
heterodyne? It is my idea that much
squealing is due to the harmoni¢s in the
oscillator and that if these could be
eliminated there would be a great improve-
ment in the circuit.—E. A,

This type of oscillator generates a wave
that is badly distorted, that is, one that
15 rich in harmonics. No doubt, these
Lkarmonics interfere with clear reception
i” they are allowed to reach the mixer
tube with any appreciable strength. In
the above we mean by generated wave
the shape of the plate current wave. The
resonant current in the tuned circuit is
practically free from harmonics because
the circuit is excited only by the funda-
mental. Therefore, if the voltage that
is to be impressed on the mixer is derived
from the resonant current, for example,
from a small winding placed on the tun-
ing coil, very little of the harmonic volt-
ages get to the mixer tube directly. They
may, of course, get to the tube through
the plate circuits. Unless the distorted
wave is prevented from getting into the
plate supply by means of by-pass con-
densers and chokes, the plate voltage of
the mixer will be affected by the plate
current, and there will be considerable
harmonic voltage impressed on the mixer.

* * *

Use of 2B7

_ IN THE MAY 27th issue, on page 19,
is the circuit of a t-r-f receiver in which
the 2B7 is used in an odd way. Will you
kindly explain how the tube functions in
this receiver?—L. W,

It is not particularly odd the way that
tube works. Ordinarily the diode of this
tube is first used as detector and then the
amplifier is used for audio amplification.
In this case the amplifier is first used for
radio frequency amplication and then the
diode is used as detector. That seems to
be a good way of utilizing the tube.

* *

Change of Sets with Weather

IS IT NOT a fact that tuned circuits
are affected by weather conditions, such
as temperature, moisture, and barometric
pressure? What effect does such varia-
tions, if any, have on the sensitivity of a

(Continned on next page)
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In this nine-tube superheterodyne the 53 tube is used as oscillator and mixer.

0.4 MFD.
R./

A part of the oscillator coil is

common to the two circuits by virtue of its being in the the cathode lead.

(Continued from preceding page)
nicely balanced circuit like a superhetero-
dyne?—G. W. N.

It is a fact that the tuned circuits are
affected by weather conditions. Tempera-
ture and moisture in particular affect
them. The effect on a superheterodyne
is that one day the receiver may work
as well as or better than it did on the
day it was tuned up an(l on the next
day it may be all out of adjustment. First
the radio frequency circuits may change,.
then the oscillator frequency mav change,
and finally the intermediate frequency
tuners. Moisture has a tendency to re-
duce the selectivity by increasing losses
in’ the tuned circuits, and it alsqg changes
the tuning. Temperature changes mostly
change the tuning. A slight change in
the frequency of the oscillator may upset
the adjustment badly because of the fact
that it determines the difference frequen-
cy. One day the difference frequency
may be entirely wrong. This means that
the oscillator will not track and hence
that the selectivity and the sensitivity of
the receiver are poor.

x % %

Audio Choke

CAN THE SECONDARY of an audio
transformer he used as filter choke in a
circuit in which the total current is not
more than one milliampere? The d-c
resistance of the coil I have in mind is
5,000 ohms and I am wondering if the
drop in the voltage would not be ex-
cessive. Besides, the core of the trans-
former may bhe saturated so that there
will be little choking effect.—C. O'B.

If the current through the coil is not
over one milliampere and if the resistance
of the winding is 5000 ohms, the drop in
the voltage will not be over 5 volts. This
is surely not an excessive drop. The
saturation of the core will not be serious,
for undoubtedly the transformer has been
designed to carry over one milliampere.
Of course, that means one milliampere in
the primary, which does not have as
many turns as the secondary. The sat-
uration when one milliampere flows in
the secondarv will be greater, but even
so the transformer should make a good
choke at this current.

* * ok

Air Dielectric I-F Condensers

WHAT 1S THE advantage of using
tuning condensers with air dielectric in
the tuners of an intermediate frequency
transformer? Are these condensers more
constwt or do thev have lower losses?

The capacity of these condensers is af-
fected less by moisture, temperature
changes, and vibration than compression
type condensers. Moreover, they have

lower losses and therefore they will yield
a superheterodyne that is more selective
and more sensitive than a similar circuit
in which poorer condensers are used in
the tuners. Since they stay put after
they have been adjusted, the circuit of
which they form a part will periorm
more consistently.

* *

Plate Voltage-Grid Current

IF THE PLATE voltage varies as a
result of the signal, is there any variation
in the grid current? Is this effect as great
as the change in plate current with changes
in the grid voltage?—J. M. B.

If grid current flows at all, it is affected
by changes in the plate voltage. The effect,
however, is very much smaller than the re-
verse effect.

* * *

Use of 53 As Oscillator

WILL YOU KINDLY show a circuit in
which the 53 tube is used as oscillator and
mixer in a superheterodyne?—E. L.

The diagram is printed herewith. The
signal is impressed on one of the grids and
the other grid is used as control grid for
the oscillator. The plate of the section serv-
ing as mixer feeds into an intermediate
transiormer and the other plate goes direct-
Iy to the high voltage line. The plate end
of the oscillator coil, that is, the end that is
next to ground, is common to the oscillator
and mixer tubes. Hence there is coupling
between the two circuits even though the
plates are not joined.

* %

Oscillator with A.C. on Plate

IN BUILDING an oscillator for testing,
using a.c. on the plate, may I establish zero
beats by introducing an aerial, tuning the
oscillator, and putting 'phones in series with
the plate voltage supply?—J. T. D.

No. You will hear a constant hum and
this will be louder than any signal you
would receive. Theoretically zero beat may
be said to be obtainable, representing res-
onance, but actually you can never hear the
zero beat because it is hidden or drowned
out by the hum. So, too, over-modulation
in general drowns out zero heats. The hum
is of course modulation in the case of the
oscillator with a.c. 01; the plate.

* *

T.R.F. and Super Compared

IS IT A FACT, as sometimes stated,
that the selectivity of a tuned radio fre-
quency set can not compare with that of a
superheterodyne? Can not the t-r-f set be
made as sensitive as the super?—L. W.

The almost unanimous swing to super-
heterodynes in the last two years has been
due to the selectivity requirement, which is
more readily achieved in a superheterodyne,
where there are at least as many fixed-tuned
circuits as variably-tuned circuits. The limit
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of sensitivity may be reached by either
system, and that limit is approximately the
noise level. Since gang tuning is the vogue,
and since it is not practical to have each con-
denser section exactly the same in capacity
at all settings, unavoidable mistuning is in-
troduced, and if variable-condenser tuning
is the only tuning in the set, as in t-r-f
models, naturally the selectivity may not rise
high enough at all settings, though at some
it may be adequate. There are, however,
abundaut uses for t-r-f systems, where the
higher selectivity of superheterodynes, and
almost certainly higher sensitivity, are not

required.
* ok ok

Calibration Troubles

IN ATTEMPTING to calibrate a test
oscillator for short waves I have run into
trouble. I am using a superheterodyne re-
ceiver and beating the oscillator with it, but
I get points for my curves that do not
justify at all, hence I can not proceed with
the plotting. Another thing, one station on
the set gives me beats at one setting, at a
closely adjacent setting and at a setting far
removed. Please clear up these mysteries.—
T. R. D.

For calibrating a test oscillator it is far
better to use a tuned radio frequency set,
rather than a superheterodyne, and par-
ticularly a set with three or four tuned cir-
cuits, to avoid the possibility of multiple
responses. In the superheterodyne you would
get a response in when your test oscillator
1s at a given setting, representing the fre-
quency to which the r-f part of your super
is tuned, another representing the set’s os-
cillator frequency, which is the one close by,
and at least one other, representing the sec-
ond harmonic of the original signal fre-
quency in the super, and possibly still an-
other, due to the second harmonic of the
oscillator frequency. Besides, if the r-f selec-
tion is not sharp, since the super is sensi-
tive, strong locals off resonance of the super
will get by the super’s tuner or mixer suf-
ficiently to give a weak response in connec-
tion with a test oscillator setting, and it is
hard to identify these different responses.
This condition produces the off-curve points
you mention, although in reality all the
points are on the curve, only you musiden-
tify them. It would be much better if you
used a t-r-f set, constructed a coil for the
broadcast frequencies, used that in your
test oscillator as a start, calibrated this
coil-condenser combination, and developed
the curve shape. Practically the same shape
will prevail at higher frequencies, so the
next smallest coil could be wound to start
where the other left off. Then as a first
approximation, from this single lowest-
frequency test oscillator starting point, the
curve may he drawn for the second coil,
and the calibration repeated with greater

(Continued on next page)
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A phase-inverter tube may be used to establish the
Thus, there are two audio
amplifiers on top and three on bottom. Voltage Signal
voltage equalization must be introduced. This is not

push-pull relationship.

shown.

ease and rapidity, as now you have a clue
to the frequency identities. Subsequent coils
would be treated in the same way. If the
tentative higher frequency curves are in
pencil at first, they may be altered readily as
calibration proceeds, and the final result
inked in. There must be harmonic generation
in the receiver to permit response from
frequencies of the test oscillator higher than
broadcast frequencies, but evidently these
are present in your super and you are
familiar with the fact. The detector in a
t-r-f set used for calibration may be of the
leak-condenser type to improve the harmonic
richness. If the frequency selection is favor-
ably made in the receiver, and the set’s
harmonic response is too weak, it is prac-
tical to zero beat the test oscillator with a
low frequency of the set, hold oscillator set-
ting, and increase the frequency in the set
until thé beat is heard again, whereupon the
second frequency in the set is twice the first
frequency. The test oscillator may be cali-
brated against the second or higher har-
monics of the new frequency. Only by start-
ing at the very lowest end of the frequency
spectrum of the set could the third harmonic
be reached, and this on only some sets,
where the tuning ratio equals or exceeds
3-to-1 in frequency. In connection with your
calibrations it may be helpful to remember
that the capacity ratio of the condenser is
the square of the frequency ratio and that
the inductance, for picking up where a pre-
vious coil left off, would be inversely pro-
portionate to the capacity ratio. Thus, if
the capacity ratio is 9-to-1 (frequency ra-
tio, 3-to-1) and the coil for the broadcast
band is 234 microhenries, the coil for
the next highest frequency band could be
234/9=26 microhenriis. E
*

Phase Shifting for Push-Pull

HOW MAY I introduce phase shift so
as to work a push-pull resistance-coupled
audio amplifierP—D. B. C.

This is done by introducing an extra tube.
Since the tube reverses the phase approxi-
mately 180 degrees, the change will be just
about right. However, the signal voltages
will be wrong, as the phase-shifting tube
will amplify, and to the extent that it does
amplify, it will cause the signal voltage on
one side to be greater than that on the other.
In the diagram at left the upper left-hand
tube is the detector, the two tubes at upper
right audio amplifiers, the three tubes on
the bottom row audio amplifiers. No com-
pensation for the disparity of the signal
voltages is shown. Since the 53 tube con-
sists of two equal tubes in one envelope,
space is conserved by using this tube, as
diagramed at right. The 53 is the first audio
amplifier for one leg, the second for the other
leg, and the compensation is shown, consist-
ing of taking off sufficiently less from the
signal-voltage drop in one resistor to estab-
lish equality of voltage input to the output
stage. The 53 is a sensitive tube, but will
not stand much input, since the bias is only
3 volts. The effect is simply that of a
single unit of the 53 driving output tubes,

“ tgﬂaa

The 53 may be used as phase inverter. A detector tube
ahead of the 53 is assumed. The plate of one section
of the 53 is coupled to the grid of the other section,
and the output (plate) of the second section has a

means of voltage equalization.

as the phase-inverter unit is a no-gain tube,
but the working mu may be around 20, so
that it is practical to load up some triode
outputs. It is not practical to load up all
triode output tubes in push-pull for the out-
put tubes must be of the type biased by a
voltage a bit more than half of the total
signal voltage across the two push-pull
grids.

* %

Speaker Cable “Sensitive”

WHEN I PUT my hand on the cable the
leads from set to speaker there is a notice-
able response in the speaker. Sometimes
this is like a low roar, other times it is like
code, and on other occasions the result is
slight or perhaps absent.—]. R.

This is due to over-keenness in radio-
frequency or intermediate-frequency ampli-
fier, which is oscillating or on the verge of
oscillation. The cause may be simply that
the detector output has not been filtered
of radio frequencies to a sufficient extent, or
the bias on the r-f or i-f tubes is too low
for practical purposes, or any other con-
tributant to oscillation. Change in weather
and temperature conditions may alter the
degree of oscillation, hence account for the
different results, sometimes howling, some-
times subdued. The code you hear is due to
the intermediate frequency being tuned to
the frequency of the code transmission, your
body acting as an aerial to pick up this
transmission and feed it directly to the in-
termediate amplifier. The amplification of
one stage is enough to produce audibility.
Improve the r-f and i-f filtration in your
set, with condenser-bypassed r-f chokes in
each plate leg, and, if need be, the same
choking system in thg cithode legs.

*

Fading

DISTANT STATIONS fade on my re-
ceiver. Is there a remedy?—I. H.

There is no authenticated cure for fad-
ing, which is due to the arrival of different
components of the transmitted waves at dif-
ferent times (phase displacement). Auto-
matic volume control helps reduce it if the
original signal intensity is sizable, but if the
distant stations are weak, as may be ex-
pected, even a.v.c. will not help much.

X ¥ %

Phase

OCCASIONALLY you see discussions
of phase, phase shift, phase difference, and
phase reversal. Will you kindly define the
expressions ?—G. Y.

One definition of phase is the time elapsed
from the beginning of a periodic phenomenon
up to the instant considered. The time of
beginning is arbitrary because of the peri-
odic recurrence. Another definition is the
instantaneous aspect of a periodic phenom-
enon. The former definition is preferred in
connection with radio and electricity in gen-
eral. Phase difference is the time difference
betwen two periodic phenomena having the
same frequency. A phase shift is usually a
change in the phase difference. A phase re-
versal is a phase shift amounting to one-half a
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period. “In phase” indicates that there is
no phase difference, or that the two periodic
phenomena assume corresponding values at
the same instant. We may have a phase dif-
ference between a voltage, and the current
resulting from that voltage. This phase
difference is the same regardless of the phase
of either. That is, it is the same through-
out a cycle of voltage or of current. The
current may lag behind the voltage, or it
may lead it. When a phase shift occurs
between these two there is a change in the
lead or lag. There may be phase differences
between two voltages, or two currents, in
different parts of the same circuit. Thus in
a direct-coupled amplifier the phases of the
ms_tantaneous voltages on two successive
grids are opposite, or the time difference is
half a period. In this case it is somewhat
better to regard the instantaneous aspect
than to consider time. Phase, phase differ-
ence, and phase shift are usually expressed
in angular measure. It is sometimes ex-
pressed in time units, such as quarter period,
half period.
* * *

Short Wave Intermediate

IF A SHORT-WAVE superheterodyne
were to be constructed so that only waves
of the 20 and 40 meter bands were to be
received, would it be practical to use an
intermediate frequency of the order of
1,500 kc? Would there be any advantage
of using this frequency in preference to
a frequency around 450 kc? Please give
reasons for your answers.—X.

About the only advantage of such a
high intermediate frequency would be
that the i-f transformers could be made
with small coils and air dielectric con-
densers. The circuit would be more selec-
tive with a lower frequency. It is now
possible also to get excellent intermediate
coils with air dielectric condensers that
are tuned to around 450 ke.

* % *

Removing Distortion

IT HAS BEEN said that an audio am-
plifier with an even number of stages
will give less distortion than one with
an odd number because the distortion
that is introduced by one tube will be
eliminated by the next. Is that statement
true? 1 have also read that after distor-
tion has once entered the signal there is
no way of removing it. If that is true
the former statement cannot bpe—
W. E. N.

To a certain degree it is true that an
even-stage amplifier will give less distor-
tion for the reason stated, provided that
the voltage phases are opposite in the two
stages. They always are if the two tubes
are coupled together directly. When they
are coupled by transformer they may or
may not be denending on the connections
of the terminals. The compensation is
not complete. Perhaps it may be said
that once distortion has entered it can-
not be removed. but that does pot deny

(Continued on next page)
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the possibility of preventing the distor-
tion by means of push-pull, even stages.
or by other means of symmetrical or near
symmetrical amplification. The main dif-
ficulty, perhaps, is that when the signal
is complex there is modulation in each
tuhe, and the resulting distortion cannot
very well be eliminated.

%k * x
Tracking Condensers

ARE TRACKING condensers available
for 450 kc as well as for 175 ke? Am [
right in assuming that a different track-
ing condenser is required for each inter-
mediate frequency? Will vou explain why
it is possible to track by the padding
method regardless of the intermediate
frequency selected?—R. E. B.

A tracking condenser has been made
for 456 kc and any i-f transformer that
has been designed for 450 kc can also be
tuned to 456 kc. Yes, you are right. The
reason padding can be applied to any in-
termediate frequency is that the proper
rate of change of capacity can be effected
for any intermediate frequency bv select-
ing the proper inductance, by adjusting
the shunt, or minimum. capacity, and by
adjusting the series capacity. The special
shaping of the oscillator plates is to bring
about the correct rate of change of ca-
pacity when the difference frequency is to
have a specified value. If the tuning con-
densers are equal, the same rate of
change can be effected by the padding
method.

* * *

High Resistance Voltmeter

IN THE AUGUST 12th issue vou have
a report to the effect that a very sensi-
tive microammeter, one giving full-scale
deflection on 20 microamperes. It occurs
to me that such a meter would make an
excellent voltmeter. If it were so used,
what would be the ohms per volt of the
instrument ?—G. H.

Yes, indeed, it would make a good volt-
meter. The ohms per volt is always ob-
tained by taking the reciprocal of the cur-
rent at full scale. In this particular meter
the full-scale reading is 20 microamperes,
when the ohms per volt would be 50.000.
But such a voltmeter would be rather ex-

CAPACITIES

(Continued from page 14)

tion, though it has 0-100 divisions, besides
the capacity calibration.

By the way, this is not supposed to be a
precision instrument, and the capacities are
accurate mostly toward the high capacity
end. Any desiring to improve the accuracy
at the lower capacities of the 247-E may do
so by introducing a correction term by the
method previously described. This is simply
the relation of capacity to known frequency
and known inductance.

The frequencies are determined from zero
beats. A tuned radio f{requency receiver
covering the broadcast band should be used.
The low frequency settings of the test oscil-
lator may be determined on the basis of
second harmonics thereof beating with broad-
cast stations. Thus, to ascertain 405 ke, tune
in a station on 810 kc and beat the second
harmonic of the test oscillator with the
station frequency. The oscillator may be
calibrated directly at 810 ke also. For 430

ke the oscillator second harmonic may be
beaten against WABC’s wave, 860 kc. While
these particular stations or frequencies may
not be tuned in at all locations, frequencies
close to them are of course available, and
may he used. The approximate dial settings
for the 247 condenser and 260-inch coil may
be obtained from a curve drawn from data
herewith. "

The f{frequency range is very large, as
stated. and moreover it includes the broad-
cast band and also all the popular iuter-
mediate frequencies, from about 402 kc up.
The only hothersome frequency would be
175 ke, and as the capacity needed for that
would be about 0.0035 mfd., a fixed capacity
of 0.003 may be used. in paralell with the
tuning condenser, to achieve this one point,
and the dial turned until a beat is obtained
with 700, 1,050 or 1,400 k¢ tuned in on a
t-r-f set. A switch may cut this fixed con-
denser in or out, and indeed if desired. the
calibration may be run on the basis of the
condenser in, to cover the low frequencies,
from about 169 to 180 ke. The 0.003 mid.
value mav be huilt up by using 0.002 and
0.001 mid. in parallel.

pensive if it were to be constructed to
measure high voltages accurately. Sup-
pose it were to read only 100 volts. The
total resistance in series with the meter
would then be 5,000,000 ohms. A resistor
of this value is costlv when it is wound
with wire of negligible temperature co-
efficient.
x x &

Cobalt Steel Magnets

COBALT STEEL and its desirable
magnetic properties have been known for
manv vears, vet, apparently, there has
been little application of the material.
Whv is it not used more?—F. L.

Cobalt steel is expensive and very diffi-
cult to work. While it could he worked
with comparative ease while it is hot, per-
manent magnets must be formed at a
comparatively low temperature, or they
will not be permanent magnets, just lumps
of steel. The difficulty of working the
steel is the main reason why it is not be-
ing used more than it is. Just the same,
this steel is used very extensively for in-
struments where no other magnet steel
will do. now that cobalt steel is known.
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Proposed Dealers’ Code
Editor Radio World:

I HAVE STUDIED the proposed
“Code of IFair Competition, Business Ethics
and Procedure,” as was submitted to Wash-
ington, D. C, recently by the San Diego
Bureau of Radio and Electrical Appliances.

The writer is part-owner of a small retail
and service business in National City, Calif.,
and there is no one more anxious to help
m the NRA drive, but the proposed code as
submitted, while containing many things of
great benefit, smacks of nothing but sup-
pression of the smaller dealer and service
organization. [ call your attention to the
following paragraphs:

No. 6. This prohibits a person from
building any kind of a radio, including
short-wave equipment, even though he
camplies with underwriters’ require-
ments, and can also be interpreted as
meaning that no used sets may be sold
that are not licensed, of which there are
thousands throughout the United States.
Does this not smack of suppression of
the set builder and serviceman?

No. 7. This prohibits the service man
from selling a completed unit, such as
a radio set, public address equipment,
_short-wave receiver. etc., sale and wir-
ing of kit sets and. in fact, deprives him
of one of the mainstays of his business.

No. 14. The ban of consigned stocks.
Why cannot a dealer who has consigned
stocks do business in a fair way. just as
the dealer who owns his stock? The
provision tends to abolish the smaller
dealer or curtail him in doing business
to the benefit of the large business
houses, who very rarely have consigned
stocks on hand.

It is our belief that all such clauses as
above should be kept out of any code that is
finally adopted.

The code should not be confused with the
manufacturers’ code as the one under dis-
cussion was made up for the retail end of
the business and is different from the elec-
trical code. which the radio manufacturers
have adopted.

) C. W. Lk,

National Electric and Radio Service

915 National i:ve.. National City, Calif.

Gives Him a “Kick”
Editor Radio World :

GETTING Rapio WorLp each week gives
me a kick. Accept my thanks for your
recent improvement in the scope of vour
text, and for vour world’s hest Q. and A.
Department (Universitv). Cherrio!

Aran Hoop,
Roanoke, Va.
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The Review

Questions and Answers Based on Articles Printed in Last
Week’s Issue

Questions

1. What intensity region principally in-
troduces distortion in a diode? \What
effect has this on the location of the
manual volume control?

2. What is a remedy for premature cut-
off of plate current in a diode-biased tri-
ode, such as the 55, 85 and 75?7 Is “cut-
off” an actuality?

3. Is the 58 tube particularly useful as
an audio frequency amplifier with resist-
ance plate load? With resistance plate
load and choke grid load in the next
tube? With transformer coupling?

4. What is the principle of d-c voltage
apportionment in a non-reactive audio
amplifier?

5. Although the grid of a power tube is
returned to the maximum B voltage in a
non-reactive amplifier, may there still be
a negative bhias on the grid, without in-
troduction of external voltage sources?

6. What are the three general wavs of
obtg}ining the characteristics of a photo-
cell?

7. Name two ways of varying the
amount of light flux entering a photocell.

8. State direction of change in recom-
mendations for the plate load resistors of
the 55 and 85 tubes, comparing applica-
tion data as newly supplied with those
given when the tubes were announced
originally.

9. In connection with specification for
a certain tube for resistance-coupled au-
dio, if a certain value of grid resistor is
specified, to what circuit does this apply,
and why?

10. In tuning a short-wave set, should
the dial be turned more slowly for the
higher or lower frequencies? Why?

Answers

1. The low-intensity region principally
introduces distortion in a diode, due to
the rectification being incomplete, or the
requirement of a certain threshold volt-
age. The effect on the location of the
manual volume control is to necessitate
its location after the diode, hence not at
the radio-frequency or intermediate-fre-
quency level, but at the audio-irequency
level.

2. Since the plate current’s so-called
“cutoff” is due to too high a negative
bias introduced by the signal in a diode-
biased triode, one remedy is to increase

the plate voltage considerably, for then
the negative bias may be increased ap-
proximately proportionately before plate
current cuts off. It should be noted that
“plate current cutoff” never really takes
place, since so long as there is a voltage
across a resistor there is current, but the
phrase is used to describe saturation, or
a condition of non-operation, or one of
serious distortion.

3. The 58 is not particularly useful as
an audio-frequency amplifier. This is
true no matter what the type of plate
load. If a resistor is the plate load it is
easy to present a suitable impedance to
the plate circuit, but if a choke coil or
transformer primary is used, the impe-
dance of the load will be too low. Also,
if a resistor plate load is used. followed
by a grid cholke, the low-impedance load
condition prevails, since the choke is ef-
fectively in parallel with the resistor.

4. The principle of d-c voltage appor-
tionment in a non-reactive amplifier is
that the available B supply voltage is util-
ized as a series circuit. Hence, if there
are two tubes, one a driver, the other
the power output tube, and 500 volts are
available, the 500 volts would have to
be apportioned between them.

5. With grid of power tube in a non-
reactive amplifier returned to maximum
B plus a negative bias still could pre-
vail at the grid, if the cathode voltage
were lifted considerably by the usual
biasing resistor, and the current through
the plate load resistor of the prior tube,
which resistor is also common to the grid
circuit, were large enough to cause the
necessary voltage drop in this resistor.
For instance, if the resistor were 100,000
ohms and the current 1.0 milliampere, the
drop of 100 volts would cause the poten-
tial difference between B plus and grid to
be 100 volts negative toward grid, and if
the biasing resistor in the cathode leg
lifted the cathode 116 volts, the grid
would be negative by 16 volts, suitable
for a ’47 tube.

6. The three general ways of obtaining
the characteristics of a photocell are: (a)
get them from the manufacturer of the
cell; (b) get them from experience with
the tube; (c) run experiments in special
setups.

7. The amount of light flux entering a
photocell may be varied by increasing or
decreasing the distance Dhetween the cell
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and the light source and also by altering
the diameter of the aperture.

8. The direction of change in recom-
mendation in resistance value for load in
the plate circuit of the 55 and 85 is dis-
tinctly upward. When these tubes were
announced values of 20,000 ohms or so
were suggested, but now values of 025
meg. and 0.5 meg. are recommended.

9. Where the value of grid resistor is
recommended in connection with a cer-
tain tube to be used in resistance-coupled
audio anywhere ahead of a power tube,
the resistor meant is the one in the grid
circuit of the following tube. The ap-
plication to the following circuit is due
to the fact that precautions must be taken
in the event of possible grid current. 'I]1e
greater the susceptibility of the following
tube to grid emission, the smaller must
be the leak value, so that the d-c poten-
tial difference across the grid resistor will
be kept as low as practical, to avoid seri-
ous loss of bias in the tube in the grid
circuit of which the resistor is placed.

10. The dial should be turned more
slowly for the higher frequencies because
the difference in frequency for any given
linear distance on the dial is so much
greater.

Big Problems Faced
Bringing Byrd’s Voice
from Little America

The broadcast of regular programs from
Little America to the United States is the
most difficult commercial engineering
problem ever undertaken, in the opinion
of technical experts working on the sched-
uled broadcasts over the WABC-Columbia
network by the Byrd Expedition.

For instance, the transmitter at Byrd's
base in the Antarctic will have a power
of only 1,000 watts, less than double the
power of the ordinary household electric
iron.

From this Antarctic transmitter it is
tentatively planned to have the programs
routed to New York via Buenos Aires.
Although short-wave facilities now exist
between the Argentine and the United
States, they compare in no way to wire
lines which are used bhetween various
points in an ordinary hook-up. These
facilities have functioned sufficiently well
to merit a commercial classification, but
like every other question of radio trans-
mission, 100 per cent efficiency cannot be
expected 100 per cent of the time.

A far more imposing obstacle is the
great uncertainty of the Little America
circuit and weather conditions. The total
distance of the short-wave links is 10,000
miles.
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Note the 57 detector. If the resistance load for grid circuit is specified, what grid is meant? See question

9 above, also answer in last column.
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Station Sparks

By Alice Remsen

A COLORFUL FIGURE GONE

At this writing Radio Row, and all
Broadway, is mourning the passmg.of a
colorful figure in theatrical journalism—
that of Sime Silverman, publisher of
Variety. “Sime” was noted for his fear-
less policy, which dominated the whole
of the theatrical world; feared by some,
loved by many, honored by all., he will
be greatly missed by his associates and
all with whom he came in contact. . . .
Good news comes from New Rochelle,
N. Y., where Jack Foster is recovering
from a recent collapse; Jack is now al-
lowed out of bed for a couple of hours
a day; let's hope he will soon be back
at his post—the city desk of the New
York “World-Telegram.” . . . Quite a few
new programs on the air now. It’s a blg
hurrah for the “March of Time” series,
which opens October 13th, 8:30 p. m,, on
WABC and network. . . . Bing Crosby
started the Parade of the Champions on
September 30th, at 9:15 p. m.; this is the
new Columbia series which originates in
Los Angeles; it’'s a spectacular six-broad-
cast program featuring nationally-known
stars of stage, screen and radio: Ethel
Barrymore was October 1 feature, and
Morton Downey on October 2. . . . Heard
the initial program of “Songs My Mother
Used to Sing,” and like it very much;
Sundays, from 6:00 to 6:30 p.m., featuring
Muriel Wilson, who was an NBS soprano,
but who now evidently is doing free-lanc-
ing, and Oliver Smith, with the Jacques
Renard Orchestra; a lovely combination;
this series is spousored by the Wyeth
Chemical Company. . . .

BING CROSBY COAST TO COAST

Bing Crosby has been signed for a
weekly series of half-hour programs over
a Coast-to-Coast WABC-Columbia net-
work beginning October 16th,8:30 p.m. ...
Columbia is also presenting two signifi-
cant sustaining series for a fall and win-
ter schedule; “Harlem Serenade,” Thurs-
days, 8:30 to 9:00 p. m., interpreting the
moods of Harlem, New York’s city-within-
a-city, featuring Claude Hopkins, the
country’s leading colored jazz pianist, and
his orchestra, together with the famous
Hall Johnson Choir; the second series,
“Legend of America,” a cavalcade of
American history, may be heard on Tues-
days, from 10:00 to 10:30 p.m., and will
attempt to give dramatically a new his-
tory of America, accomplished by means
of actual episodes from our history and
the history of Europe where it directly
affects our own; dramatized by Earl Hil-
dreth, and produced under the direction of
Herman Biberman, formerly actor and di-
rector with the Theatre Guild; a cast of
twenty or more actors and a narrator will
be used. . .. “The King’s Henchmen” pro-
gram shifts to Saturdays, from 7:00 to

:00 p. m, and the Columbia network,
carrying it, enlarges from a New York
state group to an eastern chain as far

south as Washington; Jane Froman,
Charles Carlile and Fred Berren’s orches.
tra will still comprise the talent. . .. As I

write this, Johnny Green is concluding
his interesting series of programs in “The
Modprn Manner,” Johnny did very nobly,
proving himself an extremely capable con-
ductor and master of ceremonies; it is
hoped he will be heard again shortly. . . .
Smilin’” Ed McConnell, radio’s original
one-man show, has been given an addi-
tional CBS spot by his sponsor, Acme

Paint; in addition to his regular Sunda.y
broadcasts at 6:30 p. m., McConnell is
now heard also on Wednesdays at 12:15
p.m. ...

THE PICKARDS WITH COLUMBIA

The Pickard Family, “Pa” Obed, “Ma”
Leila, Obie, Jr., Ruth and Little Ann, will
bring their songs from the Tennessee hill
country to the audience of the WABC-
Columbia network every Wednesday, from
3:15 to 3:45 p. m.; several seasons ago,
Dad Pickard placed his family in their
flivver and started out for a few days’
vacation; they never did return home,
probably because they also carried along
Dad’s jewsharp, harmonica and guitar,
Ruth’s violin and a spare guitar for Obed,
Jr, just for fun; when they got to Louis-
ville, someone persuaded them to put on a
program of their native music over a local
radio station; they made such a success that
they were sent to other stations in Detroit,
Cincinnati, Buffalo and finally New York:
now Dad Pickard, who used to be a travel-
ing salesman, lets the airwaves do the trav-
elling for him on a coast-to-coast radio
hookup. . . . A pleasant interlude just fin-
ished on WIJZ, Fred Stone and daughter
Dorothy, in excerpts from “The Red Mill.”

. Another death in the publishing world
was just this minute announced by Walter
Winchell—Horace Liveright, one of the bet-
ter book publishers. Arthur Boran,
funny man, opens on WOR with a beer

program on October 6th. . . . Phil Spitalny
opens with a coal commercial over an NBC
network on October 1. . . . Paul Whiteman

opens at the Capitol Theatre, New York,
on October 6th, and at the same time he
will open at the Paradise restaurant, just
a few blocks away from the theatre; jolly
good business, Paul! . . . Raoul Marlo is
back on WOR after a long absence with a
new script series entitled “That’s Life.” . . .

HERE'S A PROGRAM

The gala premiere of the new Seven Star
Revue, formerly “The Bath Club” revue.
sponsored by the Corn Products Refining
Company, makers of Linit, and presenting
one of the most elaborate programs on the
air, started over WABC and the coast-to-
coast network of the Columbia Broadcast-
ing System on Sunday, October 1, from
9:00 to 10:00 p. m. EST; Nino Martini.
Julius Tannen, Jane Froman, Erno Rapee.
Ted Husing, the Vagabond Glee Club and
Mr. Rapee’s Symphony Orchestra, comprise
the seven-star talent. . . . A series of con-
secutive Sunday afternoon programs have
been started over WABC. From 1:30 to
3:30—a two hour show—starting with Lazv
Dan, the Minstrel Man, for the first half
hour; then Helen Morgan for the next
half hour, and then Abe Lyman’s orchestra
in “The Big Hollywood Show”; quite an
ambitious program, what! . . . The Boswells
are playing vaudeville here and there. . . .
Don Voorhees Orchestra has been chosen
to accompany Albert Spalding during his
series of programs over WABC, which
started on Wednesday, October 4, at 8:30
p. m. . . . For those who have wondered
what happened to Ward Wilson, the radio
engineer who turned radio mimic; he is
playing the Loew vaudeville theatres. . . .

ALL IN A BUNCH

Arrangements have been made to bind
together in cooperative effort three of the
principal super power stations of the central
and southern states in a chain to be known
as the “Center of Population Group” to pre-
sent sustaining and commercial service;

www americanradiohistorv com

HONORS HEAPED
N MARCONI IN
HIS VISIT HERE

Guglielmo Marconi, arrived in New York
City on the Italian liner Conti di Savoia
enroute to the Century of Progress Ex-
position in Chicago to attend during
“Marconi Day,” celebrated in recognition
of the inventor’s contributions to modern
scientific progress.

As the ship brought the Marchese and
Marchesa Marconi up the bay a descrip-
tion of their arrival was broadcast on
short-wave radio, an application of “Mar-
coni wireless” to mass communication.
The following day the inventor was in-
vited to visit the New York office of
R. C. A. Communications, Inc., the larg-
est radiotelegraph center in the world,
and inspected the new National Broad-
casting studios in Radio City.

Marchese and Marchesa Marconi re-
mained in New York two days prior to
their departure for Chicago. They were
met by David Sarnoff, president of the
Radio Corporation of America, whose
guests they are while in America, and
who on behalf of Rufus Dawes, president
of A Century of Progress, issued to them
the invitation for the visit to Chicago.

General James G. Harbord, Chairman
of the Board of the Radio Corporation,
and Mr. Sarnoff were hosts at a dinner in

Marchese Marconi’s honor at the Ritz
Carlton Hotel.

The National Broadcasting Company
presented a program portraying the rise
and service of radio and dramatizing im-
portant episodes of Marconi's work and
the history of the industry. The broad-
cast announced the opening of Radio
Progress Week, which ends this Saturday.

Representatives of the city, the Cen-
tury of Progress, the Italian Government,
and the American Legion met Marchese
and Marchesa Marconi upon their arrival
in Chigago.. After attending church serv-
ices with his wife, the inventor was the
guest of the Italy-America Society at
luncheon.

WC_KY. Covington, Kentucky; WHAS,
Louisville, and WSM, Nashville, Tennessee,
are the stations. . . . Have you heard those
“Mountam Music” programs conducted by
William Wirges, over WJZ, Sundays, 10:00
p. m.? If not, be sure to catch them; they
are worth while. Mr. Wirges has great
support in Ed Smalle and Jerry Macy,
Frank Novack, Eddie Grosso and Johnny
Colli; and if you should happen to tune
them in on October 6th, and hear a one
stringed fiddle wailing away, you must
know that history is attached to that little
old one-stringer; Bill Wirges made it when
he was a kid, fifteen years ago, out of one
of his daddy’s cigar boxes, a piece of wire
from his mother’s cinder sifter, and the
knob from the kitchen screen door for the
key on which to turn the wire; Bill got
spanked for that, but he played on it, and
still can draw—(I say draw advisedly) a
tune from it; if you don’t believe me, listen
in for yourself. . . . And another good Sun-
day night program is Phil Duey and his
Fireside Songs, 10:15-10:30 p. m., WJZ
and network. , .. And now. until next week,
must say so long; am so sleepy I can
scarcely hold my eves open.


www.americanradiohistory.com

k

October 7, 1933

RADIO WORLD

21

TRADIOGRAMS

By J. Murray Barron

North American Radio Corp., 1845 Broad-
way, New York City, represent the Grunow
products, manufactured by the General
Household Utilities Co. of Chicago, Ill.

* * *

Henry B. Gentry, son of H. B. Gentry,
founder of Gentry Brothers Circus, and a
radio advertising specialist, has joined the
organization of Brooke, Smith & French,
Inc., Detroit advertising agency, as radio di-
rector and will be active in planning and
executing radio campaigns for their clients.

* * *

Thor’s Bargain Basement, 167 Greenwich
Street, New York City, is in production on
its new 8-tube Blue Eagle t-r-t kit and will
supply free diagrams.

* * ok

Postal Radio Corp., 135 Liberty Street,
New York City, announces a complete Fall
line of radio receivers and the 1934 Inter-
national Professional *Short-Wave Receiver.

* *

When one figures the large number of
catalogs that is sent out by the average mail

order house and the expense it would seem
that there might be a better way of getting
the message across. A circularizing list
seems a cheaper way, yet in most cases does
not show up satisfactorily. To advertise for
requests for a catalog is one logical way.
A strict check-up should be made of catalogs
and all dead wood eliminated. The worth
of a publication as a business-getter and not
mere number of pages should be considered.
Large numbers of inquiries unless they
materialize into orders are often expensively
disappointing.
* * *

Universal Microphone Co., Inglewood,
Cal., announces a catalog in loose-leaf form.
New sheets will be in size and form to in-
sert in salesmen’s manuals. Supplements
will be issued monthly.

* K *

Fans, experimenters and home construc-
tors who have in mind buying radio parts.
kits or sets, should not wait any longer than
absolutely necessary. Prices are now lower
than they will ever be again this season.

RCA Defeats Cable
in Tube Case Appeal

The United States Circuit Court of
Appeals for the Second Circuit has handed
down a decision sustaining the conten-
tions of the Radio Corporation of America
in a suit against Cable Radio Tube Cor-
poration. The decision affirms previous
decissions of the District Court of the
United States for the Eastern District of
New York, from which the defendant ap-
pealed to the Circuit Court.

An appeal was taken after the Federal
District Court adjudged the tube company
in contempt and imposed fines for viola-
tion of writs of injunction forbidding it
to continue to manufacture radio tubes
defined in the court's decree in 1930 as
violations of RCA patents. Consolidated
with the tube company’s contempt appeal
was its appeal from a denial by the same
court of a motion to vacate or modify the
injunctions.

Cable had been sued by RCA for $39,118
royalties under a written agreément li-
censing the tube company.

RMA Compiling Data
on Automobile Radios

Radio Manufacturers Association’s Com-
mittee on automotive radio, of which Vir-
gil M. Graham of Rochester, N. Y, is
chairman, has been active in obtaining
authoritative data on built-in car antennas
and battery polarity directly from the car
manufacturers. This work is being carried
on through the cooperation of R. S. Bur-
nett, standards manager of the Society of
Automotive Engineers. The information
received is forwarded to the members of
the committee promptly, and as soon as
all the car manufacturers have supplied
their data, a compilation will be made.

The committee is also beginning the
consideration of standardization of igni-
tion suppression resistors with the idea
of eliminating some of the present exces-
sive number of types and designs.

THE FORD MODEL—“A” Car and Model “AA”
Truck—Construction, Operation and Repair—Re-
vised New Edition. Ford Car authority. Victor
W. Page. 708 pages, 318 illustrations. Price $2.50.
Radio World, 145 W, 45th St., New York.

Literature Wanted

Readers destring radio literature from
manufacturers and jobbers should send
a request for publication of their name
and  address. Address Literature
Editor, Rapio WorLp, 145 West 45th
Street, New York, N. V.,

M. Forssberg, 814 S. Hermitage St., Chicago, Ik

R. W. Fordyce, Service Mgr., Buckhannon Elec-
tric Shop, 20 West Main Street, Buckhannon,
West Va.

J. Epstein, 1710 Carroll St., Brooklyn, N. Y.

Philip E. Cummings, 8 Garden St., Thompson-
ville. Conn.
kJ’. l%]l;sharme. 207 No. Schuyler Ave., Kanka-
ee, Il

Erwin E. Shambeau. 1221 N. Jefferson St.. Apt.
408, Milwaukee, Wise,

Sherman Hill, Jr., Box 95, Martinton, Il

O. K. Beard, 2435 Laurel Ave., Beaumont, Tex.

J. T. Kennedy, P. O. Box 271, Gilbertville, Mass.

Milton Dideum, 1304 W. Walnut St., Shamokin.
Penna.

Emil Oressy, 1119 Blan Ave., Scranton, Penna.

Boris Tolmachoff. “Plum Cottage,” Vance Ave.,
Lavallette, N. T.

Jack Litwin, 576 James St., N., Hamilton, Ont.,
Canada.

J. 1. Black. 1773 Marks Ave., Akron, Ohio.

P.ML. Antonich, 620 East Park Ave., Anaconda,
ont.

R. J. Stier, Fountain Sauare Hotel, Vine St., bet.
4th and 5th, Cincinnati, Ohio.
. Weant, 4308 Springwood Ave., Baltimore,
A

Geo. A. Hadsell, Mgr. The Radio Laboratory,
Galion, Ohio.

Ralph B. Brehm, 92 Nutt Ave., Uniontown, Penna.

George I. Viall, Jr.. 5 North Water Street, Roch-
ester, N. Y,

Hugo Menzel. Rte. 3. Box 804, San Jose, Calif.

C. A. Kemnitz, Eldorado. Wisc.

Frs. Coupal, Brebeuf, Co. Terrebonne, P. Q.,
Canada.

John Meehan, 219 Genesee St., Utica, N. Y.

N. M. Dahlberg. Valemount, B. C., Canada.

C. M. Findley. 133 E. State St.. Kennett Square,
Penna,

HC 1}1f Ryder, 257 So. Palm Drive, Beverly Hills,
alif.

Joseph Ingentoff. 336 Locust Ave.

Oval L. Robinson. 306 Tippett Ave., Morehead,
Kentucky.

G. D. Gratton, c/o A, E. D, Co., Island Falls, Ont.,
Canada.

High Transmitting
Point for Ultra Waves

When ultra-short waves are used in
communication an endeavor is made to
erect the transmitter and the receiver on
high points, without any obstacles be-
tween them. But in the successful ex-
periments over the comparatively long
distances, the heights have not been great
enough to overcome the entire curvature
of the earth between the two points.

NEW

N improved modulated test oseillator, funda-
mental frequencies, 50 te 150 ke, emabling
lining up of intermediste frequency ampli-

flers, t-r-f and oscillstor circuits, is h

It in shielded in s metal box 934" wide 3 8%°

deep x 434’ high, with besutiful Jepenese Anigh.

The teat oscillator 1s obtainable in two modele,

ons for s-c operstion, the other for battery opers-

tion. The ssme cabinet is ussd for both.

The a-¢ model not omly iy shielded but has the
line blocked, that is, radic frequencies generated
by the oscillator cannot be communicated to the
tested sot by way of the a-c Itne. This In &
secenfary counterpart to shielding., sad s special
eireuit had to be devised to eolve the problem.

The modulation in the a-¢ model ia the -0 lime
frequency, 60 cyeles, eoffected by using the line
voltage on the plats of the tuphe. In the cabimet
there is 8 very high resistance between the ahield
cabinet and the s-¢, & double preventive of Iine-
shorting and applicatiom of a-¢ line voltage to the
aser,

The oscillator is equipped with zn output Dost.
No ground comnection need be used. as the cir-
cuit 1s sufficiently grounded through the power
transformer cspecity to Dprevent body capacity
offects in tuning.

The frequencies &rs more sccurately read than
mormal use requires, being vever more than 1%

difference). The freQuemcy stability is of s high
order from 180 to 50 ke, and somewhat less (rom
180 to 150 ke. Zero beats are guarantesd at all
frequemcies.

The oseillator wae designed by Herman Bernard

and 1y mapufactured under the supervision of
grad of the h Institute of Tech-

wooe. SHIELDED TEST OSCILLATOR!

Elther $8-158 kc Fundamental Model, a-c or battery; or 580 to 1,508 kc Fundamental Model, (broadcast band) a-c or bhattery, available.

Either model FREE with two-year subscription for Radio World

The test oscillator has a fretency-ulibnted dial, 150

to 50 kc, with 1 ke aeparation

1,500 kc).

left in place and bared wire pushed into
spring. The intermediates l;en uren tu‘::d pl;:
strongest hum responss. If an output meter {s
‘used. tune for greatest needle deflection.

145 West 45th St., New York, N. Y.

tween 50 and 80 kc and
2 ke scparation between 80 and 150 kc. Intermediate
frequencies are imprinted on the upper tier. Broadcast
frequencies are obtainable on teuth harmonics (500 to

(104 issues) $12.00

HE s-c¢ model is completely self-operated and
requires a 58 tube. The battery model re-
quires external 22.5-volt smsll B battery amd
L5-volt dry cell, besides a 23¢ tube. The use of
1.5 volts instead of 32 volts on the filament increases
the Dlate impedance and the operating stability
The battery model is modulated by & high-
pitched note. Zero beats are not obtsinable with
the battery model

Dlrestiony fer Use

Bemove the four screws and the ilip eover, in-
sert the 56 tube in Its socket, restors the cover
and screws, the a-¢ attach plug te the
wall socket, and the n-o test oscillator is ready
for service.

For testing some Darticular ast, follow the diree-
tlons given by the desigmer or manufecturer. In the
sbsence of such directions, use the following method.

Mentally affix a cipher to the registered fre-
quencies on the lower tier (5o 80 1y ‘r'e-d [ 65:1.
and 150 s 1,5090), snd set the uial for any de-
sired brosdeast frequency, Connect a wire from
output post of test oscillator to sntenns post of seot.
Leave aorial on for zero beats, off otherwlss. At
resonance the hum will be heard. Off resonsnes
it will not be heard. For tenting intermediate fre-
Quoencies, commect the wire to plats of the arst
detector socket. The first detector tubs may be

The battery model 1a connected to volt:
a8 marked on oscillator outleads ln'do ﬂ'fuﬁ"ﬁ
same way.
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FOUR-TUBE DIAMOND

Extremely fine performance, including fetching tone quality,
marks the Four-Tube A-C 1933 Diamond of the Air, blue-
print of which is now available (half-scale). Many have been
surprised that so much can be accomplished on a t-r-f set that
costs so little to build. The circuit uses a two-gang 0.00035
mfd. condenser. Special coils are required. The chassis is
metal, 13.75 x 6.75 x 2.5 inches.

Send $3.00 for six months subscription (26 issues) and get
the blueprint, two official shielded coils and the drilled metal

chassis free. Order PRE-D-4-COMB.
Analyzer Plug and Adapters
For constructing a

set analyzer, an
analyzer plug, to
go into a receiver
socket, is neces-
sary. We offer the
exclusive seven-
pin analyzer plug,
plain long handle
as illustrated, and
three adapters
that enable put-
:ing the plug
connections into UX, UY and six-pin receiver sockets.
The plug has 5-foot 7-lead cable. All four parts sent .iree on
receipt of $6.00 for one-year’s subscription (52 issues).

Order Cat. PRE-ANPLAD.
$7.00

Get both of these mazagines for ome year for $7.00, although the reg-
ular lublmié})tion price of Rapio WonLp alone is $6.00 a year and that

of “Radio News” alone is $2.50 a year. Instead of paying $8.50 you pay
$7 and you get 52 issues of Rapio WorLp (ome a week) and 12 issues of
“Radio News” (one a month). “Radio News” recently bought "
sens Radio Call Book,” and “Technical Review” and.conlolu'iated them
with “Radio News.” This offer at this_combination price applics only to
United States and possessions. Send $7.00 and order Cat. PRE-RWRN.
To Canadian and other Foreign subscribers the combination ce offer
is at $8.50 for these two magazines, Order Cat. PRE-FOR-RWRN.

RIDER’S MANUAL

The standby of the service man is John F. Rider’s *‘Perpetual Trou-
ble Shooter’s Manual.”

Vol. 2 contains additional diagrams
in Vol. 2 there is no duplication of
Vol. 1.

To get Vol. 2 free, send $9.00 for 1%.year subscription (78 weeks)
and order Cat. PRE-RM-2.

PHONOGRAPH MOTOR

Allen-Hough synchronous phonogrwh motor, 78 revolutions per min-
ute; takes up to 12-inch records. orks from a.c line, 50-60 cycles,
105-120 volts. Equipped with felt-covered turntable. To start the
motor give it a slight impetus. Fits into 3-.inch depth, hence bandy
for compact installations. Given free with 34-weeks subscription at
$4.00. Order Cat. PRE-PHOMO.

LDERIl:JG IRON

serviceable iron that
works on a-c (any fre-
quency) and d-c, 105-120
volts. Sent free on receipt
of $1.50 for three-months
subscription (13 issues).
Order Cat. PRE.SOLIN.

976

o=
%%975

977

on the same basis as above, but
any of the diagrams printed in

BLUEPRINTS, COILS
and CHASSIS

FOR THE TUNED R-F

DIAMOND
OF THE AIR

FIVE-TUBE DIAMOND

The Five-Tube A-C 1933 Diamond of the Air provides
greater sensitivity than the four-tube model, also somewhat
more selectivity, as a three-gang condenser is used. An in-
fallible method of permanently suppressing oscillation is intro-
duced, so that besides having a sensitive and selective set one
will have a stable receiver. The tone is most excellent. Send
$4.00 for 34 weeks subscription (34 issues) and get the blue-
print, three shielded coils and drilled metal chassis free.
Chassis is 13.75 x 9 x 3 inches. Order Cat. PRE-D-5-COMB.

0-10,000-Ohm Resistance Meter

A 0-10,000-ohm ohmmeter and con-
tinuity tester. A rheostat is built in for
correct zero resistance adjustment. The
unit contains a three-cell flashlight bat-
tery. Supplied with two 5-foot-long wire
leads with tip plugs. Case is 4-inch diam-
eter baked enamel. Sent you for an or-
der for one year's subscription for Rabio
WorLp (52 weeks) at the regular rate of
$6. Order Cat. PRE-500.

We do not pay postage on resistance meter.
postage 17c.

DOLLAR SPECIALS

These coils have 50, 100, 200, 400 and 800 turns,

Average

R-F fiameter 1 inch, and are suitable for detector plate

filtering, acreen fltering, grid and plate loads, etc.
CHOKE The 50 is for short waves, 100 for television band,

COILS ior broadcast band, 400 for high intermediate fre-

juencies (450 to 300) and 800 for lower intermediate

4 trequencies. Any four, or four of a kind, or com-

binations not exceeding total of four, sent free on receipt of $1.00 for 8
weeks trial subscription. Order Cat. PRE-4-CH and state chokes de-
sired, by quantity and number of turms.

'|'w 00 “The Superheterodyne,” by J. E. Anderson and

o BBY KS Herman Bfemgrd. A tr;atise on the :hegry dannd

practice of the outstanding circuit of the y.

ANDERSON Special problems of superhieterodynes treated au-
AND thoritatively.

BERNARD “Foothold on Radio.” A simple and elementary

X N exposition of how broadcasting is conducted, with
some receiver circuits and an explanation of their functioning. Both
books sent free on receipt of $1.00 for 8 weeks trial subscription. Order

Cats. PRE-SH-FH.
One meter sent free with each $1.00 trial sub-
CHOICE OF scription (8 weeks)., Order Cat. PRE-MTR :nd

PANEL TYPE 2add the number of the meter to the catalogue
METERS number. Any number of meters may or-

dered on the equivalent extended subscription
basis.

0-6 Voltmeter D.C
0-50 Voltmeter D.

6-Volt Charge Tester D.C.
0-10 Amperes D.C
0-
0-

25 Milliamperes D.C..

50 Milliamperes D.C...
0-100 Milliamperes D.C...
0-300 Milliamperes D.C...
0-400 Milliamperes D.C

HANDY | ons i coieps, o Lomi, mt, gl
PACKAGE OF %-iuch'll‘xaf:; ;mme) fn-c !cableklnd’_plug. All sent
PARTS g;dreercex t.OP EHOArNPEeGe s trial subscription.
SHIELDS | dleminien ire’ for sepsitiee, cienite. so” thas
FOR 57, t}{’e ghi%ld top fits snugly about the tube dome, are
58 TUBES (i ihitrpton Oraer Cov. PRE-TUSSH, """

RADIO WORLD, 145 West 45th Street, New York, N. Y.

(WE PAY POSTAGE ON ALL PRODUCTS LISTED ON THIS PAGE, EXCEPT OHMMETER).
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NEW SERVICE
EQUIPMENT

De Luxe Analyzer Plug, with
new seven-pin base, with 5-ft.
cable (not shown), two alternate
grid connector caps and stud
socket at bottom that coanects
to both grid caps. Eight-wire
cable assures adaptability to
future tube designs, including
tubes with 7-pin bases and grid
c2p soon to be released to the
public (2A7, 6B7, 2B7 and 6A7).

The eighth lead connects to
the two grid caps and stud
socket which i3 a latch lock.
Standard adapters for the De
Luxe Analyzer Plug are 7 top
to 6 bottom, 7 top to 5 bottom
and 7 top to 4 bottom, thus re-
ducing to required number of
pins and enabling testing of cir-
cuits using all popular tubes.
Special adapters, as for UX-199,
UV-199, etc., obtainable.

Latch in Analyzer Plug bsse grips sadapter studs so

adspter is always pulled out with Analyzer Plug
(adapter can’t stick in aet nsocket). Presaing ll}ch

7

Cat. 807 WLC
De Luxe Ana-
lyzer Plug.
with 5-ft. 8-
lead cable at-
tached.  Price
$3.23

Quick-Action
Classified

Advertisements

7¢ & Word—$1.6¢ Minimum

BE A DETECTIVE. Make secret investigations.
Experience unnecessary. Write, United Detective
System, Dept. 1, 1623 W. Grand, Chicago, Il

AC-DC SUPERHETERODYNE: 5-tube super-
heterodyne and 4-tube T.R.F. for ac-dc or battery.
Pictorial and schematic diagrams. Special, both
for .25. Hoffman, 135 Liberty Street, N. Y. C.

MODERN TUBE INDEX, all tubes, all the dope,
all manufacturers, socket connections, everything.
Most complete of all. Sheet 21 x 27 inches. Price
25¢c. RADIO WORLD, 145 West 45th Street,
New York, N. Y.

NEW RADIO AMATEUR’S HANDBOOK, 180,000
words, 207 illustrations, 218 pages (10th edition
issued 1933). Issued by the American Radio Relay
League. Price, $1.00 per copy. Radio World.
145 West 45th Street, New York, N. Y.

lever at bottom of Anslyzer plug relesses ad b
Anslyzer Plug iz of smaller diameter than smallest
tube and thus fits into tightest places. Made by
Alden.

Ansalyzer Plug, 7 pim, with 8-lead 5-foot cable at-
tached, (sdapters extra). Cat. 907-WLC @..... $3.23

Cat. 976-D08 Cat, 875.-D8
New plug-im New plug-im New plug-in
adapter, 7-hole adapter, T-hole

top,

with locking stud with locking stud with locking stud
that fits into 807- that fita {nto 907~
WLC lIateh. lateh., WLC lateh.
Price ....... .78 Priee ...... 78 Price ....... .78

Above three mdapters essemtial for 907-WLC to test
Uixd' UY and 6-pin tubes. imcluding such tubes with
& caps.

CAT. 437 E

accommodate 7-pln
tubes. which wili not fit
into Cst. 456-E universsl
socket, use Cat. 437 E, a
seven-pin. companion sock-
et. same size. Price .24

CAT. 456-E
In the Analyzer end. use To

a 9-hole universal socket.
that automatieally takes
UX, and  six-pin
tubes. with errorless con-
nections. Price...... .38

If instead of using two sockets. the universs] Cat.
456-B and the Cst. 437, the umiverasl slone may be
used, with an adapter that has six-pin bottom and
7-hole top to enable putting 7-pin tubes into the uni-
versal socket. A 6-inch lead with phone tip 1s evye-
leted to the side. A pin jack you put om Analyzer.
connected to seventh lead of 907-WLL cable. picks up
control grid of 7-pip tube through the eyeleted Jead
Cat. 976-SL $.73

MULTIPLE SWITCH

For switching to nine different positions. enabling
current, voltage and other readings. Any one position
opens a eircult and clospes another. Thus the obDener,
by interruption, gives access to Dlate, cathode. etc..
leads, for current readings. while the closer puts the
current meter in the otherwise open circuit. Opener
is disregarded for positions used for voitage measure-
ments.  Switch has detent for " ** action, Cat.
2NS89-EP-9-B% ......... T
Do(gblo Pole, nine throw swi

3.18

Hennessy Radio Pubs. Corp.
143 West 45th St, New York City

115 DIAGRAMS FREE

118 Circuit Diagrams of Commereial Beceivers gad
Power Qupplies supplementing the dlagrams in Joba F.
Rider's “‘Trouble 8hooter’s Msazual”” Thete sehematis
Mlagrams of factory-made receivers, giving th

facturer's mame and model number om each dlagram. im.
El%de Lh; MOST IMPOBTANT BCREEN QGRID RE-

The 116 disgrams. each in black snd white. om sheets
$% x 11 inches, puached with three standard boles for
loose-leaf bindimg, comstitute a ruDDlement that must be
btained by a! s of “Trouble Shooter’'s Manual.’”
to make the manual complete

Circuits inelude Bosch 64 D. O. screem grid: Balkite
Model ¥. Crosley 30, 31, 33 screes grid: Everesdy series
50 screen grid; Wrls 334 A.C. ecreen grid: Peerlem
Electrostatis series: Phileo 78 sereen grid.

Bubscribe for Badio World for 8 months st the regular
subseription rate of $1.50, and bave these diagrams de-
lvered to you FREE!

Presens subscribers wmay take advantage of this
offer. Please put o cross here [1 to espedits
sstending vowr expiration date.

Radlio World. 145 West &th St., New Yurk, N. Y.

“THE FORD V-EIGHT~-'B-FOUR —
‘BB’-TRUCK,” by C. B. Manly. A New and Prac-
tical Book for Everyone Interested in the Con-
struction, Adjustment, Upkeep and Repair of The
New Fords. Over pages, 125 illustratioms.
Complete cross index. Pocket size, flexible leather-
ette cover. Price $2.00. Radio World, 145 W 45tb
St., New York, N. Y.

“THE MODERN GASOLINE AUTOMOBILE,”
by Victor W. Page, M.S.A.E. New Revised and
Up-to-date Edition. A whole library of informa-
tion now complete in one large octavo volume of
1,146 (6 x 9) pages—1,000 engravings. Bound in
flexible scarlet fabrikoid. Price $5.00. Radio Worid,
145 W. 45th St., New York., N. Y.

“THE CHEVROLET SIX CAR AND TRUCK”
(Construction—Operation—-Repair) by Victor W,
Pagé, author of ‘“Modern Gasoline” Automobile,”
“Ford Model A Car and AA Truck,” etc., etc.
450 pages, price $2.00. Radio World, 145 W. 45th
St., N. Y. City.

HENLEY’S “TWENTIETH CENTURY BOOK
OF RECIPES, FORMULAS & PROCESSES.”
New 1933 Edition. Ten thousand procesess, recipes,
trade secrets and money-making formulas. For
the laboratory, workshop, factory and home. Some
subjects fully covered: Dyes, Inks, Waterproofing,
Perfumes, Cement, Plating, Glass, Dentifrices,
Varnishes, Soaps, Glues, Paints, Adhesives, En.
amelling, Hairdressings, Cosmetics, Oils. Price,
$4.00. Book Dept., Radio World, 145 W. 45th St.,
New VYork City.

“RADIO TROUBLE SHOOTING,” E. R. Haan.
328 pages. 300 illustrations. $3. RADIO WORLD,
145 W. 45th St., N. Y. City.

RADIO WORLD

and “RADIO NEWS”
sl $7.00 i

You can ebtain the two leading radie techmical magazines
that cater to experimenters, gervice men and students.
the first and only natlonal radio weekly and the leading
monthly fer one year each, at a saving of $(.50. The
regular mail subscription rate for Radio World for one
sear, a new and fascinating copy each week for 52 weeks,
s $68.00. Send In $1.00 extra, get ‘‘Radio News” aiss
for a year—a new lIssue each month for twelve menths.
Total 84 issues for $7.00.

RADIO WORLD. 145 West 45th Street, New York, N. Y.

|
l

DUAL-RANGE
SWITCHES

Wiping contact switches that improve
with use and have an exceedingly low
contact resistance enhance performance
in the police-television-amateur bands
without disturbing the line-up of the
broadcast band.

The switches are sturdy, compact, smooth and
dependable. The frame 1s insulated from the
switch connections, 8o the switch may be used to
glide condenser stator from one extreme of coil to
a tap on the coll, or to short out part of the coll
without changing d stator tion. The
mounting hole is to be 5/16 inch diameter, with
8/33 hole % inch away, to engage a small flange
that prevents slippage. Two extra holes on a flxed
bracket permit additional anchorage to front and
possibly rear flaps of chassis.

Type A 13 for governing three tuned elrcuits
(triple pole, double throw) and besides there
1s a single ‘pole single: throw extra section for
shorting and padding condenser or antenna series
condenser. Entire switch encompassed by 2-inch
diameter. Length, 5 inches; shaft, 1 inch, 1
h';n%.| “Fud in 9-Tube Diamond. Cat. EBS-A
a 43,

Type B 13 for governing four tuned circuits and
substituting one Dpadding condenser for anotner
(five pole, double throw). The switch 18 8 inches
long. Used 1in the 12-Tube Diamond. Cat.
EBS-B at $2.49.

We selected thess awitches because we deem
them the best ones made, in the satated price
range, and because they make excellent and defl-
nite contact and sfford long service. The illustra-
tion reveals the general type of construction.

Hennessy Radio Pubs. Corp.

143 West 45th Street New York, N. Y.

SPECIAL
SMALL POWER
TRANSFORMER

Filament-plate transformer, for oscillators, 1 or
2-tube sets, etc.

Primary, 110 voits a-c.

Secondary A, 2.5 volts, center-tapped; stands up
to 3 amperes.

Secondary B, 110 volts, not center-tapped.
Excellent for test oscillators with a-c in plate.
Price, $1.10
RADIO WORLD
145 West 45th Street New York, N. Y.

BOOKS AT A PRICE

““The S8uperheterodyne,’’ by J. E. Anderson and
Herman Bernard. A ireatiee on the theory and
practice of the outatanding ecireuit of the day.
tpecial problems of superheterodynes treated au-
thoritatively. Per copy. (Cat. AB-8H), postpaid, .508

‘‘Foothold on Radlo,”’ by Anderson and Bernard. A
slmple and elementary exposition of how broad-
casting 15 conducted, with some receiver eircuits
and an explanation of thelr functioning, (Cat.
AB-FH). postpald ... .. .. ...... ,.,....... ..., 25

HENNESSY RADIO PUBS. CORP.
143 West 45th St. New York City

PADDING CONDENSERS

circuit, for

Bither capacity, S0c

HIGH-CLASS padding condenser is required for a
superheterodyne’s oscillator, one that will hold its
capacity setting and will not introduce losses in the
losses
Hammarlund padding condensers are of single-condenser
construction on Isolantite base, with set-screw easily ac-
cessible, and non-stripping thread. For 175 kc. intermediate

create frequency instability. The

frequency use the 850-1350 mmfd. model. For i.-f. from
460 to 365 kc., use the 350-450 mmfd.

0.0005 HAMMARLUND S. F. L. at 98c.

A sturdy, precision straight frequency line condenser, no end stops.
The removable shaft protrudes front and rear and permits gaoging with

coupling
either side of drum dial.
True straight line. This

device, alao use of clockwise or anti-clockwise dials, or two
Front panel and chassis-top mounting facilities.
rugged condenser has

Hammarlund’s high

quality workmanship 2nd is asuitable for precision work. It is a moat

excellent condenser for
quency region, 100 to 60,000 kc.,

snd TRF or Superheterodyne broadcast receivers.

calibrated radio frequency test oscillators, any fre.

short-wave converters and adapters

Lowest loss comstruc.

Hon, rigidity: Hammarlund’s perfection throughout.
Order Cat. HO5 @ .........ccovvnvvnnnnnnn.. Q0000600000 #0000000000 ...98¢c net

Reliable Radio Co., 143 West 45th Street, New York, N. Y.
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Dial A NEW

Reads

Frequencies

Directly!

TEST OSCILLATOR

That Works on A.C., D.C., or Batteries!

Over-All
Size

Is Only

5x5x3"!

For Lining Up Intermediate and Broadcast Frequencies
at An Average Accuracy of 1%!

NEW TEST oscillator, Model

30, has been produced by Her-

man Bernard, so that all the
requirements for lining up broadcast
receivers, both tuned radio fre-
quency and superheterodyne types,
will be fully and accurately met.
This device may connected to
90-120-v a.c.,, any commercial fre-
quency, without regard to polarity
of the plug, and will function perfect-
ly. It may be used also on 90-120-volt
d.c. line, but plug polarity must be
observed. One of the plug prongs
has a red spot, denoting the side
to be connected to positive of the
line. If you don’t know the d.c.
line polarity, you may connect either
way, without danger. The oscillator
will work on d.c. only when the
connection is made the right way.
Moreover, 90 volts of B battery may
be used instead of either of the
foregoing, simply by connecting
two wires between the plug at the
batteries, observing Ppolarity. No
separate filament excitation is re-
quired. The oscillator is modulated
with a strong, low note under all
circumstances. It uses a 30 tube.

SHOWN ONE-THIRD ACTUAL SIZE!

HE dial of the Bernard Model
30 Test Oscillator is directly
calibrated in kilocycles, so there
is no awkward necessity of consult-
ing a chart. The fundaimental fre-
quencies are 135 to 380 k¢, so that
nearly all commercial intermediate
frequencies as used in present-day
superheterodynes are read on the
fundamental. The points for other
intermediate frequencies, e.g., 400,
450, 456 and 465 k¢, are registered
on the dial also, two harmonics,
with which the user need not con-
cern himself, being the basis of
these registrations. Besides, the
broadcast band is taken care of by
tbe fourth harmomic and the dial
is calibrated for that band, also.
The divisions on tbe dial for the
fundamental band, 135 to 380 ke,
are 1 kc¢ apart from 135 to 140
ke, 2 ke apart for 140 to 180 kc
and 5 kc apart for 180 to 380 kc.
For the broadcast band, 10 kc apart
from 550 to 800 k¢, 20 kc apart from
800 to 1,500 kc.
The test oscillator may be used
also for short waves, by resorting to
higher harmonics.

Anywhere There’s a Set This Oscillator Can Be Worked!

T is an outstanding advantage to have a test os- f]‘HE test oscillator will give distinctive zero beats when

cillator that is constantly modulated and that will

work anywhere there is a set (unless it be only a
crystal set), for no matter what power the set owner
uses for running his receiver, it will run the oscillator.
Besides, there is the comforting assurance of accuracy
such as only costly precision instruments exceed.

worked on d.c. or batteries, but zero beats may not be

distinctive, or may be absent, when the oscillator is
used on a.c. Users are eagerly encouraged to check up the
accuracy of the test oscillator with broadcast stations’ car-
rier frequencies and will find that the amazing accuracy is
indeed a fact!

MODEL 30 TEST OSCILLATOR, COMPLETE WITH 30 TUBE . . . ‘6=

EDWARD M. SHIEPE

135 LIBERTY STREET

NEW YORK,

N. Y.

Coil
Winding
for
All
Radio
Frequencies
Without
Any
Computation
Whatever!

THE ONLY BOOK OF

ACH turns chart for a
given wire has 2 separ-

14 o
IT8 RIND IN THE 22 E
WORLD, “'The Induc- e n uc ance u orl ate curve for each of
tance  Authority’”  entirely the thirteen form diameters.

dispenses with any and all
computation for the con-
struction of golenold coils for
tuning with variable or fixed condensers of any cepacity, cov-
ering from ultra frequencies to the borderline of audio fre-
quencies. All one has to do is to read the charts. Accuracy
to 1 per_cent. imay be attained. It {s the first time that any
system dispensing with computation has achieved such very
high accuracy and at the same time covered such a wide band
of frequencies.

A condens2d chart in the book itself gives the relationship
between frequency, capacity and inductance, while a much
larger chart, issued as a supplement with the book, at no
extra charge, gives thc same information, although covering a
wider range, and the ‘‘curves’’ are straight lines. The con-
densed chart is in the book 80 that when one has the book
with him away from home or laboratory he still has sufficient
informution for everyday work, while the supplement, 18 x 20
inches, is preferable for the most exacting demands of accuracy
and wide frequency coverage.

From the tri-relationship chart (either one), the required
inductance value is read, since frequency and ecapacity are
known by thc consultant. The size and insulation of wire, as
well as the diameter of the tubing on which the coil is to be
wound, are selected by the user, and by referring to turns
charts for such wires the number of turns on a particular
diameter for the desired inductance is ascertained.

There are thirty-eight charts, of which thirty-six cover the
numbers of turns and inductive results for the various wire
sizes used in commercial practice (Nos. 14 to 32). as well
ag the different types of cov-
ering (single silk, double
silk, single cotton, double
cotton and enamel) and di-

ameters of %, ”’, 12, %
T 2 andsa mchen, 145 West 45th Street

By EDWARD M. SHIEPE, B.S., M.E.E.

The two other charts are
the tri-relationship one and
a frequency-ratio chart. which
gives the frequency ratio of tuning with any inductance, when
using any condenser the maximum and minimum capacities of
which are known,

The hook contains all the necessary information to give the
final word on coil construction to service men enguged in re-
placement work, home experimenters, short-wave enthusiasts,
amateurs, engineers, teachers. students, etc.

There are ten pages of textual discussion by Mr. Shiepe,
graduate of the Massachusetts Institute of Technology and of the
Polytechnic Institute of Brooklyn, in which the congiderations
for accuracy in attaining inductive values are set forth. These
includo original methods.

The curves are for close-wound inductances, but the text in-
cludes information on correction factors for use of spaced wind-
ing, as well as for inclusion of the coils in shields. The book
therefore covers the field fully and surpasses in its accuracy
any and all mechanical aids to obtaining inductance values.

The publisher considers this the most useful and practical
book so far published in the radio field, in that it dispenses
with the great amount of computation otherwise necessary for
obtaining inductance values, and disposes of the problem with
speed that sacrifices no accuracy.

The book has a flexible fiher black cover, the page size is
9 x 12 inches and the legibility of all curves (black lines on
white field) is excellent.

WORLD

New York, N. Y.

Order Cat. JA @ $2.00
{book and supplement). Re-
mit with order and these will
be sent postpaid to any des-
tination. Order C.0.D. and
you hay the postage,

Accuracy
of 19
or Better,
Hence
Fulfilling
Require-
ments
Even of
Engineering

Practice
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