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All-Wave

Foundation Units

15-600 Meter Coverage for All
Systems of Reception by
Single Switch Operation

THE SUPERTONE ALL-WAVE FOUN-
DATION UNIT, 15-600 meters, for the
construction of All-Wave Converters or
Sets using an intermediate frequency. It
comprises the assembled parts for the
mixing circuit, with a line switch and
manual trimmer. On the front panel is a
band scale in kilocycles. A single switch
is the band selector. Cat. AWFU illus-
trated.

INDUCTIVELY“SELF-COUPLED

OR a mixer circuit i building an all-wave
Fconverter to be used with any broadcast set,

for a mixer in any other intermediate frequency
type of receiver, our Cat. AWFU is highly suit-
able. It consists of modulator and oscillator
coils in a single copper shield, two-gang .00035
mfd. tuning condenser, manual trimming con-
denser, equalizitg condenser, AC switch, wave-
band selector switch, vernier dial and three knobs,
assembled on a 7%x12 inch panel, with engraved
Band Scale in kilocycles. A single switch controls
band selection.

Order Cat. AWTU, assembled and wired @ $13.50

FOR INDEPENDENT CIRCUITS

If it desired to build an all-wave converter or
receiver that uses an intermediate f{requercy,
with any external method of coupling the two cir-
cuits, separately shielded coils are used. Our Cat.
AWSS contains the same parts as Cat. AWFU,
except for the extra coil and extra aluminum
shield.

Order Cat. AWSS, assembled and wired @ $15.00

For all-wave reception by the tuned radio
frequency method, with one stage of tuned RF
amplification and sensitized detector, the assembly
for independent circuits is required, the only
difference beirg equal inductances are used.

Order Cat. AWTRF, assembled and wired @ $15.00

[If volume control with line switch attached is
desired in any of the abeve, add LS to the
catalogue number and $1.25 to the price.]

450 KC. TRANSFORMER

A doubly tuned fixed-frequency transformer,
1 to 1 ratio, tuned to 450 kilocycles, but adjustable
from 400 to 550 kc., is another of Supertone’s new
precision products. Two loosely coupled duo-
lateral-wound high-inductive choke coils constitute
primary and secondary. Suitable for all uses
where high selectivity, without sidebard cutting,
is desired. The transformer may be mounted on
the side of a chassis, in horizontal position, or
upright either above or below the chassis top.

Tuning condensers are across primary and
secondary, both accessible; in aluminum shield
21 inches diameter, 214 inches high, with remov-
able bottom, both horizontal and upright mount-
ing facilities. For screer grid tubes. Order Cat.
FF.450, net price ........... S IR $3.00

175 KC. TRANSFORMER
Same as above. except that frequency 1s 175 ke., ad-
justable from 100 to 190 kc. For screen grid tubes.
Order Cat. I'F-175, net price ....... T e T S $3.00

Supertone Products Corp.

216 Wallabout St., Brooklyn, N. Y.
[Telephone : WI-lliamsburg 5-3872]

ALL WAVES ON ONE TUBE

Three - circuit A batt. switch .25

tapped coil for Four binding
00035 mifd.....$1.00 posts ......... .
.00035 mfd. tun- UX socket.... .20
ing condenser. 1.00 Panel .....

60 mmfd. tun- Cabinet :
ing condenser. 1.00 Vernier dial .. .85
.0015 mfd. fixed .10 Two pointer
.00025 mid with knobs ........ p
clips ....ooo... .25 Hookup wire.. .20
2 to 5 meg. grid Dozen screws
leak .......... 20 and nuts ..... .10
15 ohm fila- Two milled
ment resistor.. .25 bushings ..... .10
SPQT switch, Dozen lugs.... .05
insulated shaft 1.35

All parts (Cat. AWOT) @......... $10.06

{230 tube free with each order for complete
parts for Cat. AWOT.}]

DIRECT RADIO CO:
143 W. 45th St., New York, N. Y,

115 DIAGRAMS

FREE!

115 Clreult Disgrams of Commercial Becelvers and
Power Supplies supplementing the diagrams in John F.
Rider's ‘‘Trouble Shooter’s Manual.”” These schematle
diagrams of factory-made recelvers, giving the manu-
{acturer’'s name and model number on each diagram, in-
clude the MOST IMPORTANT SCREEN GRID RE-
CEIVERS.

The 115 diagrams, each in black and white, on sheets
8% x 11 inches, punched with three standard holes for
loosn-leaf binding, constitute a supplement that must be
obtained by all possessors of ‘'Trouble Shooter’'s Manual,”
tc make the manual complete. We guarantee no duplica-
tion of the diagrams that appear In the ‘‘Manual.”
Circuits include Bosch 54 D. C. screen grid; Balkite
Model F, Crosley 20. 31, 22 screen grid; Eveready series
50 screen grid; Jrla 224 A. C. screen grid: Peerless
Electrostatic serlea; Philco 76 screem grid.

Subscribe for Radio World for 3 months at the regular
subseription rate of $1.50, snd have these diagrams de-
livered to you FREK!

Present swbscribers may take advantage of this
offer. Please put a cross here (O to expedite
extending vowr expiration date,

Radio World, 145 West 45th St., N, Y. C.

RADIO WORLD
and “RADIO NEWS”

BOTH FOR
ONE YEAR °

ALPHABETICAL

® INDFX covering all
Q& articles in Radio World from
Mar. 1930, to Mar. 1931. Write
for information on how to receive

one free.

SUPER CO. 1313-40th St., Brooklyn, N.Y.

REPLACEMENT CONDENSER BLOCKS

A, AK. .37 (Chokes & Condensers).............. 8.75
Majestic Master “B”

REPLACEMENT POWER TRANSFORMERS
R. C. A. 17, 18, 33, 51
R.C. A 44, 46.....................
Zenith, all models 52 up to 77

Write for price list of replacement parts.

BRONX WHOLESALE RADIO CO.
7 W. Tremont Ave. New York, N. Y.

DEALERS and SERVICEMEN
STANDARDIZE ON METALLIZED

RESISTORS II? ﬁ[
Using new “K''
Fliament
Write for Special O $3.50
Official Radi; Se::l'cJO Mﬁa:nru:{ (352 pp.) FREE
LYNCH MFG. CO., Inc., Dept. W, 1775 B’way, New York

WHAT’S YOUR NAME?
How Do You Spell It?

Where Do You Live? What's Your Phone. Number?

Tp answer such questlons quickly, correctly and in
a dignified manner, always hand your interrogator your
personal card Instead of going through a spelling test
or hunting for pencil and scrap paper to scribble on.
For 25¢ we will print your name, address, city, state
and phone number on 50 vellum-finished white cards
and mail postpaid together with a neat card case.
Appropriate for ladles or gentlemen. Makes a nice
little gift for those dear to You.
ROTH PRESS, 846 Sutter Ave.,, Brooklyn, N, Y.

“RADIO FREQUENCY MEASURE-

MENTS”
By E. B. Moullin, M.A, AM.UILE,
M.LLRad.Eng. Second Edition, entirely

reset and greatly enlarged. 289 illustra-
tions, 487 pages, plus 12-page index.
Indispensable for radio experts and engi-
neers, $12.50. RADIO WORLD, 145 W
45th St, N. Y. City.

PHONOGRAPH PICK-UP—Made

by Allen-Hough. $3.32. Guaranty

Eadyxvo Goods Co., 143 W, 45th St.,
. Y. C

You can obtain the two leading radio technical ma,
that cater to experimenters, service men and students,
the first and only natlonal radio weekly and the leading
monthly, for one year each, at a saving of $1.50. The
regular mail subscription rate for Radio World for one
year, a new and fascinating copy each week for 52 weeks,
is $6.00. Send In $1.00 extra, get ‘‘Radio News'™ also
for a Year—& new lissue each month for twelve months.
Total, 64 1issues for $7.00.

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

“SHORT WAVES”

By Charles R. Leutz and Robert B. Gabie.
One of the most important radio books
this year. Fully bound, 384 pages, 250
illustrations, size 6 x 9. All new subjects,
$3.00. RADIO WORLD, 145 W. 45th
St., N. Y. City.

SUBSCRIBE NOW!

Rapic WorLp, 145 West 45th St, New
York City. Enclosed please find my remit-
tance for subscription for Rapic WoRLD,
one copy each week for specified period:

{7 $10.00 for two years, 104 issues.

[] $6 for one year, 52 issues.

IJ $3 for six months, 26 issues.

{J This is a renewal of an existing mail

] $1.50 for three months, 13 issues.
subscription (Check off if true).

YOour Name . co.eiviianeecrironconnnn
Address ............. ol o I o L, P TS
(G P R T o P
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GENERAL
ELECTRIC CO.
METERS

0-10, 0-580 v. for AC and DG,
Using Copper Oxide Rectifier

A precision meter from the house of pre-
cision, using a full-wave copper oxide rec-
tifier for AC measurements. There are two
ranges, one 0-10 volts, with ¥ volt per
division, the other 0-500 volts, with 20 volts
per division. Binding posts render each
range accessible. The resistance is 750
ohms per volt.

The meter i{s in a portable case of
moulded Textolite, providing adequate high-
voltage insulation. At top is a switch knob
to register either AC or DC measurement.
The electric element is of the DD’Arsonval
type with permanent magnet for the field.

Size: 3%’ long, 23" wide. Scale length,
135”.  Shipping weight, 1 1b. Order Cat.
DW.2X—34 x 213 @......cocvevvinnnnns $25.00

OTHER G. E. METERS

0-1 milliammeter, coil resistance approxi
mately 100 ohms; switchboard mounting
type; scale length, 1%4’”. Shipping weight
1 1b. Order Cat. DW-4—44 x 114 @...$8.00

0-100 ma., Cat. DW-4—44 x 123 (shipping
weight. 1 1b), @...c.ovvevvirviianannna, $5.80

Guaranty Radio Goods Co.

143 West 45th Street New York, N. Y.
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Technical Accuracy Second to None
Latest Circuits and News

A Weekly Paper Published by Hennessy
Radio Publications Corporation, from
Publication Office, 145 West 45th Street,
New York, N. Y.
(Just East of Broadway)
Telephone, BRyant 9-0558 and 9-0559

RADIO WORLD, owned and published by Hennessy Radio Publications
gresxdcnt and treasurer, 145 West 45th Street, New York, N. Y.; M.

Corporation, 145 West 45th Street, New York, N. Y.
: B. Hennessy, vice-president, 145 West 45th Strect, New York N. Y.;
ernard, secretary, 145 West 45th Street, New: York, N. Y.; Roland’ Burke Hennessy, editor; Herman Bernard, managing editor; J.

Roland Burke Hennessy,
Herman
Andcrson, technical

edxtor, L. C. Tobin, Advertising Manages.

verall Set Testing

By J. E. Anderson

ROSPECTIVE purchasers of radio receivers always ask
Pwhlch receiver is the best, and they usually specify that it

should be best with respect to selectivity, volume and quality.
Sometimes they insist that the receiver must have 10-kilocycle
selectivity and no distortion.

No one ever got a satisfactory answer to the question. At
least if anybody got a satisfactory answer he did not get an
honest one. The reason is that there is no answer that can be
made in terms understandable to the non-technical man. More-
over, there is no best receiver. A given receiver may be poor
from one engineer’s point of view and very good from another’s
point of view. Yet these engineers may have the same data
from which to base their opinions and may be equally competent
to judge. Both agree, perhaps, as to what the characteristics of
the ideal receiver should be, and if that receiver could be pro-
duced they would both pronounce it the best.

As long as perfection cannot be attained they will differ
because they will place different weights on the different charac-
teristics of a receiver. One may give more weight to selectivity
and less to sensitivity while another will give more weight to
sensitivity and less to selectivity. Then again, they may differ
honestly about quality. For example, one may consider that
full volume at 5.000 cycles per second is quite satisfactory while
another will insist that full volume should go as high as 10,000
cycles. Again, they may differ about the response at the bass
end of the scale.

Great Expectations

Engineers who know radio are not looking for perfection in
a radio receiver, but they may be looking toward it and may be
striving for it. The fans expect perfection in every characteris-
tic, but they are usually satisfied much more easily than the
engineers. The fan expects 10 kc selectivity. To the engineer
such selectivity is a fiction. The fan expects sensitivity that will
bring in stations from every point of the earth, day or night,
Winter or Summer. To the engineer such sensitivity is utterly
impractical. The fan expects volume enough to cause the loud-
speaker to execute a jig and make all objects in the room start
wiggling in sympathy. The engineer has to look to costs of
such volume.

A receiver has many characteristics which must be measured,
but they are so complex and varied that they cannot be ex-
pressed by a single figure of merit. Each characteristic must be
expressed in its own way, and that way is usually a curve, or a

RF AMMETER
i OR
YoLTMETER
Aurig Rapio ———
‘ F/esquzmcy FREQUENCY e v i F2R | |
Ul S 8 RSUEL £ (L
SOURCE Sovrce Ll (CIRCuIT RECEIER CIRCUIT ot itia
FIG. |
PERCENTAGE A general schematic for the testing of a radio
MODULATION receiver showing the various components necessary
ING/ICATOR

set of curves. The answer to the question, “Which receiver is
best?” is contained in all these curves and figures.

The corresponding curves, or figures for all the receivers
should be compared. Only then it is possible to say which 1s
best with respect to some particular characteristic. Comparing
selectivity curves, we can say which is the most selective. Com-
paring sensitivity curves, we can say which is the most sensitive.
And similarly we can say which has the least hum, the most
realistic quality, the greatest undistorted output, and so on. But
chances are that no one receiver will take first place in any two
characteristics. Hence we must either conclude that no one is
best or that they are all good or bad.

One of the receivers may be the best compromise among the
many conflicting characteristics, but which is the best compro-
mise depends on the relative importance the judge places on the
various characteristics. That is the reason engineers differ, and
the sets differ because the engineers differ, because the charac-
teristics of any particular receiver are about what the designing
engineer meant they should be.

Standardization

The Institute of Radio Engineers has outlined certain tests of
receivers which will yield characteristics by which different
receivers may be compared intelligently. These tests include
sensitivity, power output, percentage distortion, hum content in
the output, fidelity, and others. The standardization is not
exact, because the complexity of the subject does not admit
exactness. It amounts to practically nothing else than an agree-
ment of how to interpret the properties of a receiver. Certain
figures are accepted as standard merely to form the basis of a
quantitative comparison of different receivers.

The definitions of the various properties form an important
part. Thus sensitivity of a radio receiver is defined as “that
characteristic of the radio receiver which determines to how
weak a signal it is capable of responding.” It is “measured quan-
titatively in ferms of the input voltage rcouired to give a stan-
dard output.”

Selectivity of a radio receiver is defined as “the degree to
which the radio receiver is capable of differentiating between
the desired signal and signals of other carrier frequencies.” This
characteristic “is not expressible by a single numerical value, but
requires one or more graphs for its expression.”

Continued on next page)
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Determination of Sele

Standard Proposed for Comparison of Receivers
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Fig. 2
The transfer circuit and artificial standard antenna for meas-
ing the input to a receiver under test.

(Continued from preceding page)

“The fidelity of a radio receiver is the degree to which the
radio receiver accurately reproduces at its output the form of
the signal which is impressed upon it. The fidelity of a radio
receiver i1s measured by the accuracy of reproduction, at the out-
put terminals, of the modulation of the radio wave.”

Normal Test Output

Normal test output of a receiver is an audio frequency power
of 0.05 watt in a non-inductive resistance at the output terminals
of the receiver, carrying AC only, when the resistance has been
adjusted to that value which the manufacturer of the tube
recommends for greatest undistorted output.

Normal radio input voltage for testing purposes is the root-
mean-square voltage of the signal received, modulated at 30 per
cent. at 400 cycles per second which results in normal test output
at resonance. If the radio receiver includes a self-contained
antenna, then the signal is to be impressed on a real or artificial
antenna.

As applied to the testing of a broadcast radio receiver not
having a self-contained antenna, the standard antenna, real or
artificial, is one having a series capacity of 200 micro-micro-
farads, a self-inductance of 20 microhenries, and a resistance of
25 ohms.

The five standard test frequencies in the broadcast band are
000, 800, 1,000, 1,200 and 1,400 kc. When tests are made at only
three points, the values 000, 1,000 and 1,400 kc are used.

Schematic Arrangement of Test Circuit

In Fig. 1 is a schematic of the various circuits required in test-
ing receivers. At the extreme left we have the audio frequency
source which may be a mechanical, electrical or beat oscillator.
This feeds into the source of radio frequency, the second rec-
tangle. That means that the andio frequency oscillator modulates
the radio frequency oscillator output. The radio frequency
oscillator may be any one of a number of different oscillators
covering the broadcast band. It should be provided with a device
for changing the frequency by known amounts off resonance.
That is to say, there should be a vernier attached to the tuned
circuit which is calibrated in kilocycles.

After the radio frequency oscillator are two meters, one which
measures the output of the radio frequency oscillator and
another ivhich measures the degree of modulation. There
should be a device attached to the audio oscillator by means of
which the degree of modulation may be varied.

The transfer circuit is some kind of attenuator. One type
available consists of series and shunt non-inductive resistances
which may be changed in value so that for a given input any
desired lower output may be obtained. A small known resistance,
say one ohm, of the final resistance of this attenuator is con-
nected in series with the real or artificial standard antenna. If
the current through this small resistance is known, the input
voltage to the set is also known, and the current is known by

5 3 9
Wl ls 5 =T
s 32 [osmwarih wauna
NN SoTRIND20
and
Fig. 4

A transfer circuit between the modulated radio frequency

source and the receiver under test. The voltage put into the

attenuator is measured and the known attenuated voltage is

impressed in series with the standard antenna by means of
impedance Z.

Fig. 3

A transfer circuit for use when the receiver under test is

provided with a loop antenna.' The current in L is measured
and the voltage induced in the loop is calculated.

measurement
attenuation.

ahead of the attenuator and by the known

Output Measuring Circuit o

The output measuring circuit following the receiver under test
t5 usually a vacuum tube voltmeter, and it is connected to the
terminals intended for the loudspeaker, across which a non-
inductive resistance equal to the load resistance recommended
by the tube maker for that tube is connected. Normal test
output power is obtained when the root mean square voltage
read on this meter is equal to the square root of .05R. If the
output tube is a 1714, for example, the value of R is 4,000 ohms
and the output voltage for standard test output is 14.14 volts.

The harmonic measuring circuit is a device by which the total
distortion in the output is measured, usually when the tube is
delivering so-called maximum undistorted power output. There
are many different circuit arrangements by which the harmonics
may be measured. In one a high pass filter is used with a cut-
off between the first and the second harmonics. The funda-
mental, or first harmonic, is therefore suppressed and all the
undesired harmonics are transmitted to be measured with a
thermal or other type of AC instrument.

Details of Transfer Circuits

Fig. 2 shows the details of one type of transfer circuit. L1
and L2 are the primary and secondary of a radio frequengcy
transformer, 1.2 being the 20 microhenry inductance of the
standard antenna and L1 a load coil on the modulated radio
frequency oscillator. Only alternating current should flow in L1
because the current is measured with a thermocouple type AC
meter G and this would measure the DC component as well if
it were present. 1.1 and L2 should be a calibrated variocoupler
so that for any degree of coupling between them the voltage
induced in L2 is known when the current in L1 is known.

When the mutual inductance between L1 and L2 is known for
every setting of the coupling the voltage inducted in the secon-
dary is related to the current in the primary by the relation
E2= MwIl, in which M is the mutual inductance expressed in
lenries, w is 6.2832 times the frequency of the current, and Il
is the primary current. [f Il is measured in effective values,
as it will be with a thermocouple type meter G, the voltage E2 is
also given in effective values. The above simple relation assumes
that the coupling is loose at all settings used.

Receiver with Loop

When the radio receiver is provided with a loop, the transfer
circuit in Fig. 3 is recommended. The voltage induced in the
loop by this method must be calculated from the formula:

E — .396N:N:hsfA2%/B% in which E is the voltage in micro-
volts induced in the loop. N1 is the number of turns on the coil
L, N2 the number of turns in the loop, i the height of the loop
in meters, s the length of the loop in meters. f the frequency of
the current in kilocvcles, A the radius of coil L in centimeters,
I the current in L in microamperes, and B is a quantity defined
by B equals the square root of A%+ X2 in which X is the dis-
tance in centimeters as indicated in Iig. 3.

This formula holds if the distance is small compared with the

3
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Fig. 5

An output circuit for use in measuring output when the re-
ceiver is not provided with an output filter.
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Under Test Circuits for Measurements
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Fig. 6
A modulated radio frequency oscillator and a stage of
radio frequency amplification the output of which may be
varied. The audio signal is impressed at the input terminals.

length of the wave used, which is usually the case for broadcast
receivers. Another condition is that the planes of the coil and
the loop be parallel and that they be placed so that the center
lines coincide.

Let us apply this formula to a special case. Let NI and N2
be 40 and 20 turns, respectively, h and s each one meter (39.37
inches), f, 1,000 kilocycles: A, 3.81 centimeters (1.5 inches),
I, 10,000 microamperes (10 milliamperes), and X 50.8 centimeters
(20 inches). These values make B 51, very nearly, Substituting
all the values in the formula, we obtain 346,000 microvolts. This
number decreases rapidly as the distance X is increased. It also
decreases rapidly as the radius of the coil L is decreased. If X
be made very large compared with A, B may be written equal to
X without committing an appreciable error.

Impedance Coupling Input

When the input is coupled to the receiver by means of an
impedance, the circuit in Fig. 4 may be used. In this case R,
L and C are the values of the standard antenna and X is a small
coupling impedance, which may be a pure resistance of small
value. The attenuator may be calibrated either in current or in
voltage. The formulas for these cases are very simple. In case
the calibration is by current the voltage impressed on the
receiver is E =KZI, in which E is measured in microvolts, Z in
ohms, and I in microamperes. K is the attenuation factor of the
attenuator. The current I is measured with the thermo-couple
meter G in series with the line from the modulated oscillator,
no current to flow through the shunt resistance R.

If the attenuator is calibrated in volts the formula is E — Ke,
in which E is the voltage across Z in microvolts, K the attenu-
ation factor of the attenuation network, and e is the input volt-
age in microvolts. This voltage e is measured with the meter in
series with the resistance R and the value of R. That is, the
milliammeter measures the current through R and the product
of the resistance and the current is the voltage e. The lower
thermocouple meter G may be calibrated directly in volts, or
microvolts, for a fixed value of R.

Output Measurements

In Fig. 5 is shown the arrangement for measuring the audio
frequency output of a radio receiver when the output circuit
carries DC as well as AC. A high inductance choke L is con-
nected in place of the loudspeaker. This choke should have such
high impedance that it does not carry any appreciable AC. The
AC is taken off through a large condenser, which should have
such high capacity that its impedance to the lowest frequency to
be measured is inappreciable or negligible. Since the test
frequency is 400 cycles per second, the impedance of a 4 mfd.
condenser is only about 100 ohms, which is small compared with
the value of load resistance which is connected in series with it,
although a value of 8 mfd. is frequently recommended. To
measure the output the resistance of the rheostat is adjusted to
have the value of the recommended load resistance for the tube
in the circuit, and the voltage drop in this is measured with the
vacuum tube voltmeter. The input voltage to the receiver
should be adjusted until the voltmeter reads a value equal to
the square root of 0.05R, where R is the resistance of the
rheostat adjusted to the value cited above. This is for standard
test output.

Many radio receivers have the choke L and the condenser C
built in. In such cases the voltmeter may be connected directly
to the output terminals of the receiver.

In case the last stage of the circuit is push-pull with direct

Fig. 7
A typical audio frequency oscillator with a stage of amplifi-
cation and a volume control for varying the input to the
radio frequency oscillator.

coupling between the speaker and the tubes, the voltmeter may
be connected irom plate to plate without any condensers in
series, provided that the vacuum tube voltmeter has no other
connection in common with the receiver, such as ground, for
example. The value of the load resistance in this case should
be twice the value for a single tube.

Transformer Output

When the receiver is provided with an output transformer, the
vacuum tube voltmeter should be connected across the secondary
in shunt with a resistance determined by the relation Rs — R/AZ,
in which R is the resistance recommended for use with the tube
to give maximum undistorted output, A is the ratio of the
primary to secondary turns of the transformer, and Rs is the
actual resistance connected across the output terminals of the
transformer. In case of push-pull R should have twice the value
used for a single tube.

As an example, suppose we have an output stage using two
245 tubes in push-pull with a step-down transformer having a
ratio of 30. The value of R in this case should be twice 1,900
ohms, or 3,800 ohms. The value of A is 30. Hence Rs should
have a value equal to 3,800/900 ohms, or 4.22 ohms. The vacuum
tube voltmeter in this case will read a very low voltage when
standard test output is obtained. In this particular example the
voltage across the 4.22 ohm resistance will only be 0.46 volt.

Modulated Radio Frequency Oscillator

In Fig. 6 is the circuit of a modulated radio frequency oscil-
lator with a stage of radio frequency amplification provided with
a voltage divider VD for controlling the output. The input
terminals in this circuit are for audio frequencies generated by
an external source. AFC is an audio frequency choke of not
less than 30 henries and RFC is a radio frequency choke of
about 85 millihenries. C2 may be a condenser of about 500
mmid. The plate circuit coil L1 is tuned with a large variable
condenser Cl of 500 mmfd. and a small variable condenser C3.
The tuned circuit should be calibrated in kilocycles for a given
position of C3 so that when this condenser is set at this index
position the frequency generated by the circuit is known by the
setting of Cl. It is desirable to set C3 so that for any given
position of Cl the frequency of the circuit may be both increased
and decreased with C3 by a definite number of kilocycles. That
is, the condenser C3 should be calibrated in kilocycles off reso-
nance both above and below. Since the calibration will be
different for different settings of Cl1, calibrations might be pre-
pared for each of the standard test frequencies. C3 should
preferably be of the straight line capacity type. '

Suppose the total capacity of C3 is 50 mmfd. and Cl1 is 500
mmid. Then when Cl is set at maximum and C3 at middle, the
total capacity in the circuit is 525 mmfd. If the inductance of
the coil L1 is such that this tunes the circuit to 550 ke, the
small condenser will reduce the frequency by 12.5 kilocycles and
it will increase it by about the same amount. At the other end
of the broadcast band the effect of the trimmer will be very

much greater.
Coil Data

Ll and L2 may be wound on a 1.75 inch circular form with
No. 28 enameled wire. L1, the tuned winding should then con-
tain 57 turns. L2 may contain the same number of turns of the
wire.

If the two tubes in the circuit are 201A the ballast resistors R
should be 4 ohms each for a filament battery (E1) of 6 volts. If
the plate voltage (E2) is not very great, it is not necessary to
provide more bias than that supplied by the ballast resistors.
For low output 45 volts will do. However, if it is desired to get
a greater output, a 171A tube may be used in the amplifier stage,

(Continued on next page)
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(Contmued from preceding page)
in which case the plate voltage on that tube may be raised to
180 with a grid bias of 40.5 volts. This may be supplied in series
with the low end of the voltage divider. (6, capacity .0005
mifd, is connected in the circuit so that no current will flow in
case the higher bias is used.

RFT is a radio frequency transformer for coupling the output
of the modulated oscillator to the transformer circuit and the
radio receiver under test.

The oscillator as a whole should be inclosed in a grounded
metal box to prevent radiation from the coil and the wiring.

Audio Oscillator

Fig. 7 gives a typical audio frequency oscillator circuit
together with an output amplifier. T is an iron core trans-
former of suitable inductance and a ratio of turns equal to
unity. C is a variable condenser by means of which the plate
winding of the transformer is tuned. C2 is a stopping condenser
of 2 mfd. or more and R2 is a resistance the object of which is
to prevent excessive regeneration and hence to prevent excessive
harmonics in the output. R2 also helps to stabilize the
frequency.

The value of R2 depends on so many factors that it cannot be
stated definitely. However, a resistance of 10,000 ohms should
permit oscillation at all audio frequencies.

One transformer will not cqver the entire audio frequency
band from 25 to 10,000 cycles. About three transformers of
different inductance are needed. While one could be made to
cover the band if the range of the condenser C were large
enough, the oscillation usually stops when the capacity becomes
large, and the calibration does not mean anything when the
capacity becomes very small

In one oscillator of this type the inductance of the largest coil
was 26 henries, which required a capacity of about 10 mifd. to
tune to 100 cycles per second. Two other and smaller coils were
necessary in thjs oscillator to cover the band up to 10,000 cycles.
When only a small range of frequencies is desired an audio
output transformer can be used for T, and the condenser C may
be connected either across the primary or the secondary. Since
the windings are different the frequency ranges will also be
different for a given range of capacity. An output transformer
is suggested because the inductances of the windings are low so
that fairly high frequencies will be obtained. An ordinary audio
frequency coupling transformer will usually give too low
frequencies even when no condenser is used across either
winding.

The disadvantage of an oscillator like that in Fig. 7 is that a
very large condenser is needed, a condenser made up of many
fixed condensers of various capacities and a variable air con-
denser with a capacity somewhat larger than the smallest fixed
condenser. If an oscillator of this type is to cover the entire
audio band it is likely to be expensive.

Constants of the Circuit

If the tubes in Fig. 7 are 227s the values of the components
may be as follows: C2, 2 mfd.; C3, 2 mid.; R2, 10,000 ohms; Ch,
a 100 henry choke; Cl and C4, each 4 mfd.; Rl and R3, each
2,000 ohms; VD, a half megohm ‘voltage divider. The plate
voltage might be from 135 or 180 volts. The heater voltage at
H, of course, should be 2.5 volts.

While R2 is listed as 10,000 ohms, a higher or a lower value
should be used as required. If it is zero the oscillation will be
intense but the output will be very rich in harmonics and will
not be suitable for many measurements. If R2 is large the
circuit may not oscillate for some settings of the tuning con-
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denser, but when there is oscillation the output will be practi-
cally free from harmonics. The oscillation then will be feeble
and that is one reason the amplifier is used. If the circuit is
calibrated for one value of R2, the calibration will not hold for
any other value.

It is important that the voltage divider be such that the slider
may be moved practically to the ground. In many voltage
dividers there is considerable resistance left when the slider has
been moved as far as it will go so that the output cannot be
reduced as much as required in many instancés. There are

voltage dividers with tapered resistance elements which work
out satisfactorily.

Beat Note Oscillator

One of the most satisfactory sources of audio frequencies is a
beat note oscillator. While this requires many tubes and
thorough shielding of the elements it can usually be built at a
smaller cost than one like that shown in Fig. 7 because no
expensive coils and condensers are needed. Moreover, with a
single vernier condenser it is possible to cover the entire audio
band of frequencies. Again, it is capable of giving a relatively
pure output note at any frequency.

While the frequency will change easily it is not difficult to
restore the calibration for it may be done by trimming one cir-
cuit at one frequency. Two radio frequency oscillators are needed
in the beat note oscillator and if these two are made similar, if
the frequency of one changes by a certain amount the
frequency of the other will change in the same direction by
approximately the same amount so that there is relatively little
change between them, which means that there is little change
in the beat note.

The circuit of one beat note oscillator i§ shown in Fig. 8.
There are four tubes and associated circuits and one shielded
compartment for each. The first two tubes are radio frequency
oscillators, the third tube is a detector and the fourth an audio
frequency amplifier. The use of one detector and one audio
amplifier tends to eliminate some of the distortion or harmonics
because the amplifier corrects for distortion in the detector.

The two radio frequency oscillators are exactly the same as
far as the circuits go, the only difference between in the trimmer
condensers C2 and C4. The oscillator system of each contains
three windings, ticklers L2 and L5, tuned windings, L1 and L4,
and pick-up windings L3 and L6.

One of these oscillators generates a fixed frequency of about
200,000 kc. The other oscillator generates the same frequency
when the trimmer condenser is open, but when the trimmer is
closed it generates a frequency of about 10,000 cycles lower, that
is, 190,000 cycles. Thus there is a change in the beat note from
zero to 10,000 cycles as the trimmer condenser is moved from
one extreme to the other.

Let us assume that the first oscillator is the one of fixed
frequency. The frequency is adjusted by adjusting the turns on
L1, the capacity of Cl, and that of C2 until it has the desired
value. C2 is a regular trimmer condenser by means of which
the frequency may be varied by small amounts for the purpose
of restoring the calibration. This will be discussed later.

The Variable Oscillator

The second RF oscillator, then, is the one that is to be variable
from about 190,000 to 200,000 cycles. Let us assume that C3, the
fixed condenser, has a capacity of about 500 mmifd. and that C4
has a capacity range of 50 mmfd. Actually C3 will be a little
higher because if the condenser used has this value the dis-
tributed capacity and the minimum capacity of C4 must be added
to it. We might assume that it actually has a capacity of 550
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mmifd. With these assumptions we can determine what the
frequency of the oscillator should be in order that C4 should
cause a change of 10,000 cycles as it is changed the 50 mmifd.
We find that it should be about 235,000 cycles. This can easily
be attained by changing the turns on the tuned coil. Of course,
another variable condenser may be used for C4, in which case
the frequency would have to be different, but in any case it s
always possible to get the trimmer C4 to cover 10,000 cycles by
changing C3 or L4. It should be stated that it is not necessary
that the trimmer should cover just 10,000 cycles. If it covers a
little more or a little less it makes no difference. Hence the
adjustment is not critical.

A good way of judging when the variation due to C4 is about
right is to vary the beat from zero just to inaudibility. The
highest frequency that can be heard by an average individual is
somewhere between 10,000 and 15,000 cycles.

Making the Adjustment

First set C4 at zero and then adjust the frequency of the frst
oscillator until zero beat is obtained with the second oscillator.
This variation of the frequency of the first may be made, as
was suggested by adjusting Cl, the turns on LI, or the setting
of C2. When zero beat has been obtained, turn C4 to maximum,
The beat note should become inaudible at or near the maximum
setting. If the beat note becomes too high long before the
maximum setting, the frequency of both oscillators is too high.
If the beat note at maximum of C4 is not high enough, the
frequency of both oscillators is not high enough. It is safer to
have the frequency of both too low to start with than too high,
for it can easily be increased by removing turns from L1 and

Suppose now that we have adjusted the frequencies of both
oscillators to the proper values, or to satisfactory values, as
determined by the frequency change due to a complete change
of C4, we are then ready to calibrate the beat note oscillator, and
by calibration is meant determining the audio frequency at
every setting of the dial of condenser C4. This should be a large
dial so that it may be read accurately. Moreover, the dial
should be rigidly attached to the condenser so that it cannot slip,
for any slippage would upset the calibration. As a help to pre-
vent this occurence there should be no stops on the condenser.
This practically limits C4 to the straight line capacity type. This
type of condenser will yield a calibration curve which is very
nearly straight line frequency. It will be straight except at the
higher beat frequencies. Hence this type of condenser is pre-
ferred for two major reasons.

Calibration

The calibration may be done against another calibrated oscil-
lator, against a series of tuning forks of known frequencies, or
against a piano in tune, or again, it can be done against the 60
cycle hum in a power line. The simplest of these is another
calibrated oscillator, for forks and pianos don’t go as high as
this beat note oscillator is to be calibrated. The piano goes to a
little over 4,000 cycles and forks can be obtained which go to
about the same value. It is always possible to go higher by
using harmonics or sound beats. For example, if the highest
known frequency available is 4,000 cycles, it is easy to go to
3,000 by sounding the two simultaneously and adjusting C4 until
the 8,000 cycle note generated by the oscillator produces zero
beat with the 4,000 cycles. It is even possible to go to 12,000
cycles that way.

If the 60 cycle note from a power line is used harmonics and
sub-harmonics will have to be used throughout. This offers no
difficulties down to 30 cycles or up to about 300 cycles. To go
higher it may be necessary to set up an auxiliary oscillator tuned
to about 300 cycles and then using the harmonics of that, which
should bring the calibration up to at least 1,500 cycles, in steps
of 300 cycles. By the same process the frequency may be stepped
up to the upper audible limit, or to the limit of the beat note
oscillator. It is not necessary to have known frequencies corre-
sponding to every division of the dial of C4. About every 10 is
sufficient. But points should be determined near the limits.
After the dial settings for many known frequencies have been
found, a curve should be plotted with frequency against dial
settings. This curve will fill in all the missing points. Moreover,
extreme accuracy is not necessary.

Restoring Calibration

It may be that the calibration will shift with change of tubes,
change of voltage on the filament and the plates, or simply with
time. The calibration may be done one day and the next is may
not be trustworthy. This difficulty is one reason for the use of
C2 in the first radio frequency oscillator. By a slight readjust-
ment of it the calibration can be restored. To do this C4 is
adjusted to the dial setting that should yield some known low
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Fig. 9

A high pass filter of two sections, with mid-series termination,
for use in suppressing the fundamental when the harmonic
content is to be measured.

audio frequency. Then C2 is adjusted until this note is produced.
The calibration is then good throughout the scale for all practi-
cal purposes. A low frequency is recommended for two reasons.
First, such a frequency is always available, and second, if the
restoration is done at a low frequency it is more reliable
throughout. Obviously, the best frequency to use in this
restoration work is the 60 cycle line frequency. This check-up
of the calibration should be done every time the oscillator is put
in use. It will only take a few minutes.

It is best to use batteries throughout in the oscillator for thev
are more steady than AC operated substitutes. Since batteries
are used the 60-cycle test frequency is not directly present. But
it may be introduced mto the speaker with a small transformer
such as a filament transformer, in which case the low voltage
winding should be connected in series with the speaker connected
to the beat note oscillator. Another way is to use a headset
connecting that to the transformer secondary. By listening with’
one ear to the headset and with the other to the output of the
beat notes oscillator equality of frequency can easily be estab-
lished. In case the beat note oscillator is used where there is no
60-cycle current, or any other frequency, a tuning fork of low
frequency can be used.

The control for condenser C2 should be such that it will not
be displaced accidentally or by jars. It should turn stiffly or
there should be a locking device on it.

The Detector

The detectori is simply a tube operated with high negative bias.
Two small coils L3 and L6 pick up radio frequency voltages
from the oscillators and impress them in series on the tube.
The output is the beat note, an audio frequency. It is coupled
to the amplifier by means of resistance-capacity. RI should be
about 100,000 ohms, C7, 2 mfd., and VD, a 500,000 ohm voltage
divider. The output filter of the amplifier should consist of a
100 henry choke Ch and an 8 mfd. condenser C8.

The four ballasts R should be 4 ohm resistances if 201A tubes
are used for the first three and a 171A for the last. Grid bias
battery El should be adjusted for maximum output, E2 should
be 40.5 volts, E3, 6 volts, the left part of E4 should be 45 volts.
and the total E4 should be 180 volts.

Co and C9 should not be smaller than 2 mfd. each and should
preferably be much larger. C5 and C6 should be 0.001 mfd. each
and coil L7 an 85 millihenry radio frequency choke.

Coils for Oscillators

The two coil systems L1L2L3 and L4L5L6 should be the same,
at least at. the beginning. The most suitable coils are small duo-
lateral wound coils wound on half inch wooden dowels but these
may not be available in the right number of turns. Hence we
shall give the design of coils wound on 3 inch bakelite tubing,
assuming that the capacity in each circuit is 550 mmfd. and that
the frequency is to be 200,000 cycles. We will need 1150 micro-
henries for each of L1 and L4, which will be given by 125 turns
of No. 28 enameled wire. This winding will require about 1.7
inch of the form. The tickler windings L2 and L5 should have
2/3 as many turns as the tuned windings, or 83 turns. There
need be no separation between these windings. The pick-up
winding on each coil should be wound at the grid end of L1 or
L4 and there should be a separation of 14 inch between them.
Fifteen turns will be enough for L3 and L6. Thus the total
pumber of turns will be 223. The wire winds 74 turns to the
inch and therefore the windings will take up nearly 3 inches. If
the space between the tickler and the tuned windings be added,
and 3% inch be allowed at each end for mounting, the total
length of the form will be four inches. Thus the coils are large
and clumsy but they are good coils for the purpose.

(Continued on next page)
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Fig. 10

A peak vacuum tube voltmeter which may be used for meas-
uring either RF or AF voltages as well as for determining the
degree of modulation.

(Continued from preceding page) .

For measuring harmonic content in the output of a receiver a
high pass filter such as that shown in Fig. 9 might be placed
between the output tube and the measuring device. This filter
should have a high attenuation for the fundamental and practi-
cally no attenuation for the harmonic frequencies. 1i the funda-
mental is 400 cycles per second, that standard test frequency, the
cut-off of the filter should be between 400 and 800 cvcles. The
impedance of the filter should also be equal to that of the load
impedance of the tube used in the last stage, and the resistance
R should be equal to the iterative impedance of the network.

The frequency of the cut-off is determined by the equation W"’?.—'
1/4L.C2, in which w is 6.2832 times the cut-off frequency. L1 is
the inductance of either choke L1 and C2 the capacity of the series
condenser C2 in Fig. 9. Either of condensers Cl is twice as great
as C2,

The iterative impedance spoken of above is determined by the
equation Z2=L1/C2 for frequencies high above the cut-off, in which
L1 and C2 have the same significance as above.

Suppose we wish to construct a filter with a cut-off at 500 cvcles,
100 higher than the standard test irequency. To get the cut-off
at this frequency we have to make the product of L1 and C2
equal to .0253 divided by one million. We have to get the value
of each one by choosing the proper iterative impedance. If the load
impedance on the tube in question is R ohms this should equal the
iterative impedance. Hence R2=1.1/C2. Now we can combine the
equation for the product fo L1 and C2 and that for the ratio and
determine both in terms of R and the design of the filter. For the
inductance of L1 we get 0.159R divided hy 1,000 and for the capacity
of C2 we get 0,159/1,000RR.

Getting the Values

If the tube in question requires a load impedance of 4,000 oluus,
the inductance of L1 should be 0.637 henry and the capacity of C2
should be .0398 microfarad. The capacity of each of Cl should be
0796 microfarad. The value of R should be the same as the value
of the iterative impedance, namely, 4,000 ohms in the case worked
out. This filter will have a cut-off at 500 cycles per second, below
which it will pass extremely little and ahove which it will pass all
frequencies with little attenuation. The impedance far above the
cut-off will he 4,000 ohms, and this is the value at the first har-
monic, 800 cycles, within about 20 per cent.

The cut-off will be sharper the lower the resistance of the two
chokes. For this reason they should be wound with heavy wire
on large iron cores of the best core material.

Since it is not practical to have a filter for every tube it is
better to use a transformer between the tube and the filter which
will match impedances. The secondary of this transformer should
always “look like” a resistance of 4,000 ohms to the filter and the
primary should always “look like” an impedance equal to the load
impedance of the tube. To fit the filter to different tubes it is
either necessary to have a transformer for every tube requiring
a load impedance different from 4,000 ohms, or else have one the
ratio of turns of which may be varied.

If the load impedance is r ohms and R is the iterative impedance
of the filter. the turns ratio required may be determined from ihe
relation A2=r/R, where A is the ratio of turns. As an example,
suppose the tube reguires a load impedance of 8,000 ohms. Then

the ratio of the resistances is 2, and the ratio of turns should be
1.414. A step-down transformer of this ratio would be required.

Measuring Harmonics

The thermocouple milliammeter G measures the effective value of
the total harmonics, assuming that there is no attenuation on the
harmonics. A previous measurement without the filter, using the
same type oi meter, measured the root mean square of the funda-
mental as well as the harmonics. The distortion is defined as the
ratio of the square root of the sum of the squares of the ampli-
tudes of all the harmonics to the amplitude of the fundamental.
The distortion may be obtained by using the squares of the effec-
tive values. The square of the effective value of the fundamental is
obtained by subtracting the square of the effective value of the
harmonics from the square of the effective value of the total cur-
rent. Suppose the total current measures 120 milliamperes and
that the harmwonic current measures 20 milliamperes. The funda-
mental therefore is the square root of the difference between the
squares of 120 and 20. This is 1184 milliamperes. The harmonic
current is measured directly and was assumed to be 20 milliamperes.
Hence the distortion is 20/118.4, or nearly 0.17. That is, the distor-
tion is 17 per cent. of the fundamental.

Modulation Meter

For the purpose of measuring the percentage modulation a
peak vacuum tube voltmeter is used. Such an instrument is
shown in Fig. 10. Since this may be used for measuring very
low voltages as well as radio frequency voltages, it is recom-
mended that the by-pass condensers Cl and C2 be made 4 mid.
or larger. RI1 is just the ballast resistance required for the tube
used in the meter. For a 240, which is recommended because of
the sharp cut-off of the plate current as the bias is increased,
it should be 4 ohms on a 6 volt filament battery. The plate
voltage may be any desired value. For example, 90 volts is satis-
factory.

V is a voltmeter which measures the grid bias required just
to cut off the plate current as indicated by the meter M n the
plate circuit. R2 is any suitable resistance which will limit the
plate current to a value required by the meter M.

The operation of the peak voltmeter is as follows: The bias is
increased until the plate current is just reduced to zero when
the 1nput terminals are short circuited. The voltage to be
measured is impressed across these terminals and the bias is
increased until the current in M is again reduced to zero. The
second bias, as read on V, less the reading obtained with the
input terminals shorted gives the peak value of the voltage im-
pressed.

The Peak Increases with Modulation

When a radio irequency current or voltage is modulated the
peak of the voltage is greater than when it is unmodulated by
an amount depending on the degree of modulation. Hence if
we first measure the amplitude of the unmodulated voltage with
the peak voltmeter and then measure it again when it is modu-
lated, it is possible to deduce the degree of modulation from the
two readings.

If the degree of modulation is k aud the peak value of the
unmodulated carrier is E, the peak of the modulated voltage is
E (1 4+ k). Therefore if we divide ‘the measured peak obtained
on the modulated voltage by the peak obtained on the unmodu-
lated, we get a value equal to (14 k) and all we have to do is
to subtract unity from the ratio to obtain the degree of modula-
tion. The theory is extremely simple. The greatest source of
error comes in determining when the plate current is just
reduced to zero. If the reading is not reduced to quite zero, but
to a very small value that can be duplicated each time, the error
will be smaller than if an attempt is made to reduce the current
to zero. For most tubes it is not easy to reduce the current to
zero because instead of cutting off sharply, it tails off gradually.
The error will be very small if the voltages involved are large.

Hum Measurements

Every receiver should be tested for hum. This could be done
by measuring the effective hum voltage across the load impe-
dance when no signal is being received but when the circuit is
in operative condition. But the results would not be a measure
of the hum heard. The loudspeaker cuts out much of the hum
due to the fact that it is not as sensitive on the low frequencies
as on the high. In order to get an estimate of the effective hum,
a filter having the characteristics of the average speaker should
be interposed between the receiver output and the vacuum tube
voltmeter used for measuring the hwm.

A filter of this type is recommended by the Institute of Radio
Engineers and has the following characteristics: A coil of 0.9
henry inductance and a resistance of 180 ohms, including the

(Continued on next page)
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Coils for An Oscillator

Winding Data for .0002 mfd. Condenser, 520 to 16,000 ke.

HE modulated oscillator circuit published last week was

changed slightly in order to simpliiy the coils. This change

also improved the circuit in that it removed one chance for
_frequency variation. The change consisted of removing the wind-
ing marked L1 on Fig. 1, page 3, and connecting the grid of the
first tube to the grid of the oscillator. This alteration changes the
frequency of the circuit by 10,000 cycles, approximately, in the
upward direction. That is, where the lowest frequency was 510
kc. before it became 520 kc. after the change. Thus the capacity
gvas dgc‘reased by nearly 4 per cent of the maximum, or by about

mmid.

Capacity Changes

This change seems very small, but it is too large to permit
after the circuit has been calibrated. Suppose, for illustration, that
the circuit at first has a frequency range of from 510 to I,ZéO kc.
This indicates that the capacity ratio between maximum and mini-
mum is 5.71. If the maximum capacity in the circuit was 200 mmfd.,
the minimum was 35 mmfd. Now let the change in the circuit
cause a decrease. In the zero setting capacity of 8 mmfd. The
new maximum is 192 mmifd. and the new minimum is 27 mmfd.
The ratio is 7.12 and therefore the frequency ratio is 2.67. If the
new low frequency is 520 kc, as we found it to be, the new high
frequency is 1,388 ke. "The old calibration, therefore, is consider-
ably out at the high end of the frequency scale.

Frequency Alteration

There are many changes in the arrangement of the circuit that
may produce frequency changes greater than should be permitted.
For example, if the oscillator is mounted on a metal plate the dis-
tributed capacity will have one value and when the plate is re-
moved it will have another. If the plate or filament voltage is
changed, the frequency will change. This is partly due to a change
in the capacity and partly to a change in the internal plate re-
sistance of the tube. Leads moved around will alter the capacity,
and to some extent the inductance, and therefore the frequency.
Since these changes will affect the frequency and the calibration it
is important to use the circuit the same way every time, that is,
with the same filament voltage, the same plate voltage, the same
tubes in the same sockets, the coil plugged in all the way down
every time, and leads disposed the same way every time. There
are many uses, however, of the scollator where such small fre-
quency changes do not make any difference.

Changing the circuit as was suggested above is a major change.
So is using a different type of tube in the oscillator socket. So 1s
a large change in the plate voltage. Theyshould be avoided even
when only an approximate value of the frequency is wanted. A
change from 1,220 to 1,388 kc. is entirely too much.

Coil Data

A set of coils has been worked out for this oscillator. All are
wound on tube base forms, 1.25 inches in diameter, with No. 32
enamel wire. The wire was somewhat oversize so that it wound

104 turns to the inch instead of 112, the average. But such varia-
tions are of little importance.

Coil L2 turns L3 turns Inductance
1 140 50 418
2 48 32 83
3 16.5 11 16.22
4 0.18 4 3.01

The inductance is given in microhenries and is the approximate
value of the L2 winding. The fractional turns should not be taken
too seriously. Every winding will have a fractional turn because
of the arrangement of the prongs. Since the low potential ends
of both L2 and L3 are connected to K and K and P are approxi-
mately on opposite sides of the form, L2 on all the coils will have
a half turn. L3 will have about a quarter turn or a three-quarter
turn depending on whether the winding is right-handed or left-
handed. The coils constructed for this oscillator were all wound
as a left handed screw. The overlapping of the coils is small but
it is sufficient to take care of a fractional turn and ordinary varia-
tions in the distributed capacity.

Collodion Applied

A layer of collodion should be applied to the coils aiter they have
been wound and before the calibration has been done. This will
help to hold the wires in place and so to keep the inductance as well
as the distributed capacity constant.

The tuning range of these four coils is from about 250 kc. to
16,000 kilocycles. If it is desired to extend the range another coil
may be constructed. For the purpose of determining the turns of
the smaller coil it may be assumed that the frequency is inversely
proportional to the number of turns. Thus if 6.19 turn coil tunes
to 16,000 kc., it would require a coil of 3.3 turns to tune to 30,000
kilocycles. Or a coil of 3 turns would tune up to 32,960 kilocycles.

Grid Coil Smaller

It will be noted that the coil in the grid circuit is always much
smaller than the coil in the plate circuit, or the tuned coil. The
reason for this is that the oscillation is less intense that way and
the generated wave is more nearly pure. If the secondary or grid
coil were tuned, the same effect would be obtained by making the
tickler winding smaller, or the coupling between the two coils rela-
tively loose. Harmonics are advantageous in the process of cali-
bration but afterwards a wave as pure as possible is desired in most
nstances.

All the coils are supposed to be wound with the turns as close
together as possible, and the inductances have been determined on
that basis. The separation between the primary and secondary
windings is of little importance just so they are close enough to pro-
duce oscillation at all settings of the tuning condenser. On the
largest coil it was necessary to start one winding where the other
left off in order to get the turns on. At that it was mecessary to
cut down on the number of grid winding turns. For all the other
coils there is ample space.

A Low Pass Filter for Testing

(Continued from preceding page)

resistance of the coil, connected in series and across the output
terminals of the receiver; a condenser and a resistance in series
and then in parallel with the 0.9 henry coil and the 180 ohm
resistance. The resistance in series with the condenser should
be equal to the internal resistance of the tube and the condenser
capacity depends on the value of the resistance. For a 5,000
ohm resistance the condenser should have a capacity of 0.045
mfd. and for a resistance of 2,000 ohms the capacity should be
0.065 mid. The vacuum tube voltmeter is connected across the
high output resistance. .

If peak values of hum voltage are to be measured the circuit
in Fig. 10 may be used, or a more sensitive vacuum tube volt-
meter of the same type.

A Low Pass Filter

The fundamental alone could be measured directly in the same
manner as the harmonics by interposing a low pass filter with a
cut-off at 500 cycles per second and with the same impedance. Only
the fundamental would then be transmitted to the meter G. In the
low pass filter a coil is used in the place of every condenser and a
condenser in place of every coil. The inductance of the coil taking
the place of either Cl would be one-half that of the inductance of
the coil taking the place of C2. The condensers taking the place

of coils L1 would be equal, just as the coils are equal.

The cut-off frequency is determined by w?=4/LC, in which w is
6.2832 times the irequency, L the inductance of the choke coil in
the middle, and C the capacity of either condenser in shunt with
the line. The cut-off frequency would be placed below 800 cycles
per second, say at 700 cycles. For frequencies much below the
cut-off the iterative impedance is the square root of the ratio of the
inductance of the middle coil and the capacity of either shunt con-
denser. That is, it is the same as for the high pass filter, except
for the actual values of L and C, which depend on the frequency
of the cut-off.

Design Formulas

If the cut-off is to be at w, where w is 6.2832 times the frequency,
the inductance of the middle coil should be 2R/w and the capacity
of either shunt condenser should be 2/Rw, in which is the iterative
impedance as well as the load impedance. Suppose R is 4,000
ohms as before and the cut-off frequency is to be at 700 cycles per
second, we obtain 1.82 henries for L and .1134 mfd. for the con-
denser. The value of either end inductance should be 0.91 henry.

The filters described contain two equal ‘“‘sections” and are the
simplest type of each. The termination is mid-series because the
impedance of the two end series impedances is just half the im-
pedance of the middle series element.
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A One-Tube Set with 15-550

230 —oP
8+
+ "= sy
e T
j ——A+3y
< -— A-
Sw,
7 FIG. |

Four taps on a switch that has shaft insulated from arm
enable 15-550 meter coverage on a tiny one-tube set, as
diagrammed.

SELF-CONTAINED all-wave one-tube set in tiny space
Ais entirely practical. The reception on short waves is good,
and that on broadcast waves is only fair. So those who
have never tuned in short waves, and want to try their hand at
small expense, may do so by following the diagram, Fig. 1.
The single tube is a 230, which requires 2 volts for filament.
The voltage is supplied by a two-cell “one-piece” battery such
as is obtainable for the larger size flashlights.

Batteries and Voltages

The voltage source is 3 volts, and current required at 2 volts
is .06 ampere (60 milliamperes) and therefore a resistor with a
commercial rating of 15 ohms is satisfactory. It is placed in the
positive leg of the filament so that the total 3 volts of the A
battery is added to the small plate voltage obtained from a C
battery, making the total voltage in the plate circuit 10% volts.

Since only low voltage is required for detection, 103 volts is
sufficient, and {feedback will result in great gain, if properly
established. A larger number of turns is required on the feed-
back coil, on account of the plate voltage, than otherwise woyld
be used.

The Band Selector Switch

The wavelength changing from band to band is done by a

LIST OF PARTS

Coils

One three circuit coil, secondary tapped, for wave coverage of
15 to 550 meters, with .00035 mfd. (L1, L2, L3).

Condensers

One .00035 mfd. tuning condenser.

One 60 mmfd. feedback condenser.

One .0015 mfd. fixed condenser.

One .00025 mfd. grid condenser with clips.

Resistors

One tubular grid leak, any value from 2 to 5 meg.

One 15 ohm filament resistor.

Other Parts

One single pole quadruple throw switch (SW-1) with metal shaft
insulated from arm.

One A battery switch (SW-2).

Four binding posts for antenna, ground, plate and B plus.

One UX socket.

One 5x6%% inch panel.

One wooden cabinet to fit.

One dial

Two knobs (for band detector switch and for feedback con-
denser).

One roll of hookup wire.

One dozen 6/32 roundhead nickel-plated machine screws with
one dozen nuts.

Two milled bushings.

One dozen lugs.

By Henry

band selector switch, which should be of the shaft-insulated
type. The reason for requiring insulation of the shaft from the
pointer is that the moving arm or pointer of the switch is at a
“hot” radio frequency potential. Even shielding of a non-insu-
lated switch would not prevent body capacity, as the effect
would be introduced from hand to tube through the shaft,
despite the bakelite knob on the,shaft.

As the diagram reveals, the moving arm of the switch is con-
nected to the stator of the tuning condenser. At one point (inci-
dentally, it is actually point 1 on the diagram) the stator goes
direct to grid, and the tuning condenser is across the entire grid
winding. However, in all other instances the stator is connected
to a point lower down on the grid coil, and the lower down the
connection is, the less inductance is in the tuned circuit, and the
higher the frequencies of the band for which the switch is set.

When the switch is so positioned as to include in the tuped
circuit less than the total winding, the effect is that of an auto-
transformer, and there is a step-up ratio, equal to the propor-
tion of the number of turns in the tuned part of the winding to
the total number of turns in the entire winding. Thus at switch
position 4 the ratio is 3-to-70 or about 1-to-23, primary to
secondary.

Information on the Coil

Using a diameter of 134 inches natural bakelite, for .00035 mid.
tuning cendenser, the tofal number of turns on the grid winding,
L2, is 70. The number of turns from tap 4 to 3 is 37, the number
from tap 3 to tap 2 is 20, and the number from tap 2 to 1 is 10
and from 1 to 0 1s 3.

If a .0005 mfd. condenser is used, the secondary alone is dif-
ferent, i. e, 60 turns, tapped at 27th, 47th and 57th.

The primary, L1, spaced % inch from the secondary, has 12
turns, while the tickler coil, spaced % inch, has 24 turns.

The same size wire, No. 28 enamel, may be used throughout,
or if preferred, larger size wire mayv be used for the antenna
winding and also for that part of L2 from the third tap to zero,
say. No. 18 enamel wire.

While the feedback winding 13 is entirely separate from the
secondary L2, which enables the interposition of the feedback
condenser in grounded rotor fashion to prevent body capacity,
the direction of the winding must be such as to afford regener-
ation. This means that the secondary L2 and the tickler wind-
ing L3 must be oppositely phased, since the radio frequency in
the grid and plate circuits is 180 degrees out of phase.

Satisfaction of Phase Requirement

The matter of phase may be taken care of in the winding or

How Filter
By Minar

UM arising from electrical devices in the homne, or clinking
H terference, is a serious problem with many radio

receivers. The more completely equipped your home is
with up-to-date electrical improvements, the more likely you are
to have radio interference from them. However, a suitable
filter, which costs very little, may be installed on the interfering
devices themselves to stop the noises.

In many homes it is customary to turn off the refrigerator or
oil burner or other electrical device in order that a certain radio
program won’t be interfered with. The addition of the proper
filter makes such inconvenience expedients unnecessary.

The simplest form of filter is made up of two fixed condensers
connected together. The condensers, having two terminals each,
are connected as follows: One wire of each is connected together
and to the “ground” via a water pipe, radiator or other handy
point. Then the remaining wire of one condenser is connected
to one side of the electric circuit as close to the electrical device
as possible. This is important. The remaining wire of the other
condenser is similarly joined to the other electric wire.

Interference Radiated

When a spark occurs in the machine or device, such as you
will observe on the contacts of the motor brushes, or contacts
which automatically turn circuits on and off, the spark sets up
faint radio waves which are nevertheless strong enough to make
a sound in the set. In fact, the earliest forms of radio trans-
mitters employed a spark jumping between two contacts as a
“generator” of the radio “oscillations.”” There is nothing mys-
terious or unusual about it, and interference will be caused
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in the polarities of connections. If the windings are in the same
direction, then adjoining terminals of the coils go to grid for
the secondary and to plate for the tickler. Assume theoretically
that L2 and L3 consist of a continuous winding, and that this
winding is cut to permit of two coils. The cut terminals go to
grid and the plate as explained.

There are four binding posts, two for antenna and ground
and two for the output (plate and B plus). At the output ear-
phones may be connected, or, if you would like to have loud-
speaker volume you may connect the plate output post alone
to the P prong of the detector socket of a broadcast set. The
detector tube of the broadcast set would be removed and would
stay removed so long as the output of the little one-tube set is
connected to the audio input of the big set. In that case the C
battery otherwise used for B voltage in the little set is not
effective, but the plate voltage on the tube in the little set is
the B voltage supplied from the hig set’s detector output circuit.

Completion of Tuned Circuit

The grid condenser may he the usual .00025 mfd., as this is
a good compromise, particularly because of the wide frequency
range of tuning. The grid leak may be any value from 2 to 5
meg. and is not critical.

It will be noticed that the tuning condenser (.00035 mfd.) has
rotor grounded, but that the secondary coil is returned to fila-
ment plus (same as A plus), so the tuned circuit is returned to
ground from the coil through the resistance of the filament, 33.3
ohms, and the resistance of the filament resistor, 15 ohms, a total
of 48.3 ohms. This is a relatively large resistance for radio fre-
quencies, so a bypass condenser of .0015 mfd. or larger capacity
is used to complete the tuned circuit to ground.

The coil is returned to positive A becausc positive bias affords
much better sensitivity with the 230 tube.

Battery Life

The 230 tube draws about three times as much current as a
flashlight bulb, so the A battery is good for about thirty or
forty hours use. However, the C battery, used for plate voltage,
draws little current, depending somewhat on the DC resistance
of the earphones, if any are used, but being in the neighborhood
of 1 milliampere. Thus the plate battery should last a long time.

It should be borne in mind that the B battery is automatically
out of use when the little set is connected to the detector of a
big set, so if the intention is to enjoy that service exclusively, the
B battery of 7% volts isn’t necessary at all.

| Legg

Stops Hum

e

unless steps are taken to “kill” such radio impulses at the
source.

The iarge condensers afford an easy path for the radio
impulse direct to the “ground” and since they are located right
ON the device where they start, they do not travel via the
electric wiring far enough to radiate their energy into space—
to vour receiving aerial and lead-in.

Where the spark is greater and more vigorous—the filter must
be more effective, and in that case choke coils are employed in
conjunction with the condensers already described. The electric
supply current for the electrical device passes through these
coils, so that the filter must be carefully designed with a view
to carrving the current necessary without heating unduly.

Noise Travels on Wire, Too

In a few instances, the noises follow the electric wiring to
your set, and they can be stopped before reaching it by installing
a line noise elimjnator. As a general rule, however, the inter-
fering waves are radiated from the house wiring and are picked
up by the receiving aerial, so that it is usually difficult to stop
the trouble except at the source. Of course it is not difficult to
locate which device in your home is the trouble-maker—simply by
adjusting the set to the point where the sounds are the loudest,
and trying one device at a time—such as the refrigerator, oil
burner, fan, mixer, vacuum cleaner, electric signs, motors, bells,
buzzers, etc.

If you cannot find the cause of the noises, have the service
man try his luck—because in most cases, the noises can be done
away with or greatly reduced.

Meter Band Selector Switch

B. Herman

Sources of Lists
of World Stations

The following data on sources of station lists were compiled
with the assistance of the Department of Commerce, Radio
Diviston, and answer questions oiten asked:

The International Bureau of the Telegraph Union, Radiotele-
graph Service, Berne, Switzerland, now has available for distri-
bution to the public a list of stations of the world in order of
frequencies, dated January, 1931. This document contains 445
pages and may be brought up to date by recapitulative monthly
supplements. The price of the list and supplements which will
be issued until November of the current year is 25 Swiss francs
($4.83), postage included. All remittances are required to be
made direct to the Berne Bureau by international money order.

A list of stations of the world operating on short waves may
he obtained from the Radio Amatcur Call Book, Inc., 506 South
Dearborn Street, Chicago, Ill., at $1.00 a copy.

The International Short Wave Radio News also lists short
wave stations. This publication may be obtained from the
International Short Wave Radio ILeague, Box 22, Jamaica
Plains Station, Boston, Mass., at 10 cents a copy, subscription
price $1.00 a year.

Lists of short wave stations in this country are contained in
the June 30, 1930, edition of two government hooks, “Commer-
cial and Government Radio Stations of the United States<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>