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RADIO WORLD

February 20, 1932

Special Announcement!
Servicemen and Experimenters

Can now buy direct, at wholesale prices: Public
Address Systems, Transmitters for every purpose,
“Ham” and commercial equipment. Write for list-
ing of new devlopment of transmitting and asso-
ciated apparatus.

BLAIR RADIO LABS.

23-25 Park Place New York, N. Y.

S_E‘m&uistor% FREE

Replacement Manual T

with purchase of 10 LYNCH

Metallized Resistors, or $1 cash == =
More Than 208 Circuits

LYNCH Resistors ‘1, 2.swa|ll'rs

Write for Manual, new Reduced Price Catalog and
RMA Color Code Card.
LYNCH MFG. CO., INC., 1775 WR B'WAY, New York

RESISTORS

and Mountings

Plate Circult

0.25 meg. (250,000 ohms) Brach resistor, for ali
acreen grid tubes. Order Cat. BRA-25, at....12
0.1 meg. (100,000 ohms) Brach resistor for all
except screen grid tubes. Order Cat. BRA-10,

EX3 6000006 060 0000 I000000000000 0 0000 S000G00AE SHEO A0 12¢
Grid Circuit

1.0 meg. Brach resistor for grid leak. Order Cat.

YT 00 600008600 300600000800 000 0600 Fo0IHA 0K 12¢

2.0 meg. Brach resistor for grid leak. Order Cat.

BRA-100, @t...ocvecicncesenssonasscanassonsosessns 12¢

Carborundum grid leak for highest detector sensi-
tivity. The leaks are marked “5 to 7 meg,” be-
cause values in this range are present. Order
Cat. CAR-57, 8t.cciceverneicinnnnsrenees I T 12¢

Biasing Resistors

.005 meg. (5,000 ohms) Brach resistor. Order
Cat. BRA-005, at..coovviiuisnnniennnnniseencnne.es 13¢
015 meg. (15,000 ohms) Amsco resistor. Order
Cat. AMS-15, at......covveveceinnnn. e s s ) 14c
.025 meg. (25,000 ohms) Amsco resistor. Order
Cat. AMS-25, at....civanneenenrrncinensonsencenns 14c

[T};c above resistors are of the tubular type and
require a mounting. Lynch moulded bakelite
mountings, Cat. LYM, at......c...c...... ot 15¢]

DIRECT RADIO CO.
143 West 45th Street,
New York, N. Y.

BRACH RELAY—List price $4.50;
our price 9%. Guaranty Radio

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

SOLDERING IRON

FREE:!

=
Works on 110-120 voits, AC or DCj power,
50 watts. A serviceable iron, with copper
tip, § ft. cable and male plug. Send $1.50
tor 13 weeke’ subscription for Radio World
and get these free! Please state if you are
renewing existing subscription.

RADIO WORLD
145 West 45th St.

=

N. Y. City

NATIONAL
DRUM DIAL

National Velvet Vernfer
drum dial, type H, for
14” shaft. An automatic
spring take-up assures
positive drive at all times.
Numbers are projected on
a ground glass. ainbow
wheel changes colors in
tuning. - Modernistic es-
cutcheon. Order Cat. ND-H
@ $3.13.

GUARANTY RADIO GOODS CO.
143 West 45th Street, New York, N. V.

ouT

Dated February 27, 1932.

~ broadcast call.

Television Field, etc.

short-wave and television goods.

NEXT WEEK!
Special Short-Wave an

Television Number

of Radio World now in preparation!

Last form closes February 16, 1932.
No Increase in Advertising Rates—$150 a page; $5 an inch

We take pleasure in announcing one of the most important
numbers ever issued by Radio World, containing:

List of Television Stations by frequencies, with number of lines
per frame and number of frames per second.

List of principal short-wave stations of the world that send pro-
grams, arranged by hours, thus constituting the first short-wave time
table. Under each of the 24 hours are given the call, location, fre-
quency, wavelength and, in the case of relaying short waves, the

Articles on the following topics: Present Status of Television,
Sensitive Television Receiver, Audio Amplification for Television,
Diagnosis of Television Transmitting Studios, Cathode Ray versus
Mechanical Scanning, Discs by Photographic Process, Leaders in the

A great advertising medium for those who make, distribute or sell

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

1,000 PAGES!
2,000 DIAGRAMS!
IN RIDER’S NEW
7-POUND MANUAL

OHN F. RIDER'S PERPETUAL TROUBLE

SHOOTER’S MANUAL is the book you need

if you want to do profitable servicing.
This loose'leaf volume contains every bit of radio
service information of all popular commercial
broadcast receivers manufactured since 1920 and
includes the latest diagrams. In addition to the
wiring diagrams of the receivers the Manual con-
tains chassis layouts, color coding, electrical values,
chassis wiring diagrams, and the wiring of units
sealed in cans. It also contains a course in Trouble
Shooting, the use of set analyzers, data upon
Superheterodynes, automatic volume control, etc.
Page size is 8%x11, bound, 1,000 pages, index and
advertisements on additional pages. Order CAT.
RM-31 and remit $4.50. We will then pay postage.
Shipping weight 8 pounds. Ten day money back

guarantee.
RADIO WORLD
145 WEST 45th ST NEW YORK CITY

RADIO WORLD
and “RADIO NEWS”

BOTH FOR Canadian
and Foreign
$7.00 -%

ONE YEAR

You ean obtain the two leading radlo technical magazines
that cater to experimenters, service men and students,
the first and only national radie woeekly 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 ‘‘Radic News’ also
for a year—a new jissue each month for twelve months.
Total, 64 issues for $7.00.

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

“RADIO TROUBLE SHOOTING,” E.
R. Haan. 328 pages, 300 illustrations, $3.
Guaranty Radio Goods Co., 143 W, 45th
St., New York.

THREE-IN-ONE
TESTER FREE!

VERYBODY who does any radio work

whatsoever, whether for fun or for pay
or for both, needs a continuity tester, so he
can discover opens or shorts when testing.

A mere continuity tester is all right, but—

Often it is desired
to determine the re-
sistance value of a
unit, to determine if
it is correct, or to
measure a low volt-
age, and then a con-
tinuity tester that
is also a direct-read-
ing ohmmeter and
a DC voltmeter
comes in triply
handy.

So here is the combination of all three:

A 0-435-volt DC voltmeter, a 0-10,000-ohm
ohmmeter and a continuity tester. A rheo-
atat is built in for correct zero resistance
adjustment or maximum voltage adjustment.
The unit contains a three-cell flashlight
battery. Supplied with two 5-foot- long
wire leads with tip plugs. Case is 4-inch
diameter baked enamel. Weight, 1 1b.
Sent free with an order for ome year’s
mubscription  for RADIO WORLD (52
weeks) at the regular rate of $6. Order
Cat. PR-500.

Radio World, 145 W. 45th Street, New York, N. Y.

Enclosed please find $6 for one year’s subacrip-
tion for Radio World (one copy a week, 52 issues).
Send Cat. PR-500 as premium.
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175 kc Superheterodyne

for Direct Current
By J. E. Anderson
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FIG. 1
This eight tube superheterodyne has been designed for operation on a 110 volt d-c line and automobile type
tubes. The intermediate frequency is 175 kc.

HERE is a marked tendency toward the use of smaller tubes
in receivers. This is especially the case in apartment houses
where some people are considerate of their neighbors. Many
radio fans have discovered that moderate volume is more pleasant
than volume strong enough to shake the building. Another fact
that favors the smaller tubes is that they are more economical to

operate. This is an important feature in sections of the larger cities

where the power supply is direct current. But sensitivity and

selectivity have never been below par, They are just as desirable

now as ever. In fact, fans are asking for more and more of them.

There is only one circuit which combines selectivity and sensi-
(Continued on next page)

LIST OF PARTS

Coils

T, TI—Two r-f transformers for 350 mmfd. condensers, as
described

T2—One oscillator coil as described

T3, T4—Two 175 kc , doubly tuned intermediate frequency
transformers :

T5—One push-pull input transformer

Ch—One 30 henry choke coil.

Condensers

C, C4—Two 0.001 mfd. fixed condensers

Co, C5, C6—Three 0.1 mfd. by-pass condensers in one case

Ca, Cl, C2—One gang of three 350 mmfd. tuning condensers,
with trimmers

C3—One 700-1,000 mmfd. adjustable condenser, or one 760
mmfd. fixed condenser

C7—One 0.25 mfd. by-pass condenser

C8, C14—Two 0.5 mfd. by-pass condensers

C9—One 0.00025 mfd. condenser

C10—One 0.01 mfd. condenser

C11—One 1 mfd. by-pass condenser

C12, C13—Two 4 mfd, 200 volt d-c, by-pass condensers

— - — S e
e

Resistors
P—One 10,000 chm potentiometer
R1, R4—Two 600 ohm bias resistances
R2, R5—Two 30,000 ohm bias resistances
R3—One 100,000 ohm grid leak
R6—One 1,000 chm resistance
R7—One 250,000 ohm resistance
R8—One one megohm grid leak
R9—One 1,500 ochm bias resistance
R10—One 750 ohm bias resistance
R11—One 2067 ohm, 25 watt, ballast resistance
R12—One 6,000 ohm resistance
R13—One, 2,500 ohm resistance
Other Requirements
PL—One 25 pilot light (usually part of dial)
One dial
Nine UY type sockets (one for dynamic speaker)
One special 110 volt dynamic speaker
Six grid clips
One two-lead plug cable
Two 239s, two 236s, two 237s, two 238s.

[ R AR A




4 RADIO WORLD

February 20, 1932

(Continued from preceding page)
tivity in full measure, and that is the superheterodyne and the de-
mand for these receivers is increasing. This is not alone due to
the fact that most commercial receivers now are of this type, but
rather to the recognized virtues of the super.

A Sensitive Super

In the January 30th issue we described an eight tube super for
110 volt d-c operation. Since that circuit appeared we have had
requests for a more sensitive super of the same type, one using
three tuning condensers instead of two and also one using a 175
kc intermediate instead of 400 kc. To meet these requests we have
modified that circuit in a few essential particulars. These are, an
added radio frequency tuner, cathode circuit modulation in the
first detector, and the use of 175 kc intermediate frequency trans-
formers. The use of a lower intermediate frequency requires a
different oscillator coil and a different padding arrangement in the
oscillator. )

Any one desiring to build the receiver can use the layout of the
eight-tube automobile superheterodyne published in the issue of
Feb. 13, last week.

In the present circuit the two coils T and T1 are equal and

are wound for 350 mifd. tuning condensers. They are standard
coils as used in up-to-date midget receivers and are wound with
127 turns of No. 32 enameled wire on bakelite tubing one inch in
diameter. The primaries are wound with No. 40 double silk cov-
ered wire over the ground end of the secondary, and separated
from the secondary by several layers of insulating fabric or paper.
The number of turns in the primaries of these coils varies accord-
ing to the purpose of the set. Some have as many as ninety and
others as few as five turns. The larger the number the greater
the sensitivity but the less the selectivity so the choice in any case
depends on the relative importance that is placed on these proper-
ties. Twenty-five turns is a good average.

These coils are placed inside metal cans measuring about 2.5x2.125
inches, the former being the height. Shields are available both in
zinc and aluminum. There' is no difference, essentially, between
the two .types of shield, except that the aluminum cans have a
better appearance and the zinc ones have the advantage that soldered
connections can be made directly to the shields. However, it is
seldom that it is necessary to. make such connections.

The Oscillator Coil

The oscillator coil should be put in the same type of shield as the
other coils for the sake of symmetry. There are also standard os-
cillator coils available for 350 mfd. tuning condensers and 175 kc
intermediate, and they have been designed for the type of modu-
lation shown in this circuit, that is, for the cathode connection of
the pick-up coil.

For those wishing to wind their own coils the following specifica-
tions are -given: Diameter of coil form, one inch, wire for secondary
No. 32 enameled, 102 turns, wire for tickler and pick-up No. 40
double silk, number of turns on tickler, 25, number of turns on
pick-up 10. The tickler is wound over the ground end of the sec-
ondary and separated from it by several layers of thin insulator
paper or fabric, and the pick-up is similary wound over the tickler.

Padding the Oscillator

The main tuning condenser in the oscillator is just like the tun-
ing condénsers Ca and Cl in the radio frequency tuhers. It has
a trimmer Cr across it just like those in the others, but it is ad-
justed to a different value. The series condenser C3 has a value
around 760 mmfd. If a variable condenser is used it should have a
range from 700 to 1,000 mmfd.. and such a condenser is available.
But it also may be a fixed condenser of 760 mmfd., which is also
available. If the variable condenser is used the adjustment of the
oscillator is simpler, but it can also be done quite easily with the
fixed condenser, in which case the adjustment is made in the inter-
mediate frequency transformers,

For a practical method of padding, or of adjusting the oscillator,
the reader is referred to page 5, February 13th issue. This applies
to the case when the series condenser C3 is adjustable. When it
is fixed we have only the intermediate frequency adjusting con-
densers with which to effect the adjustment at the low frequency
end of the tuner. The work is done in the same way as the adjust-
ment when the series condenser is adjustable. First we have to find
at what point on the r-f tuner some low frequency broadcast sta-
tion comes in, say 570 kc. With this found, the tuner-is set at
this value and then each of the four intermediate frequency tun-
ing condensers is adjusted for greatest volume. This will, in gen-
eral, make the intermediate frequency different from 175 kc by a
small amount, but that makes no difference. The important thing
is to get perfect tracking at some intermediate frequency in the
neighborhood of 175 ke. and to get all the intermediate tuned cir-
cuits adjusted to ‘the ‘same frequency.

Stabilizing Oscillator

C4 in the grid circuit of the oscillator has a value of 0.001 mfd.
It is used to isolate the'tuned circuit from the grid and to prevent
considerable grid current from flowing. R3 is a 100,000 6hm grid
leak which is used to establish a bias on the tube. The condenser
and the grid leak together stabilize the oscillator frequency and at
the same time they prevent excessive minimum capacity across the

tuned circuit- in the oscillator. The winding of the tickler over the.

ground end of the tuned winding and the winding of the pick-up

over the tickler are also to minimize the zero setting capacity in
the oscillator circuit. n

The two intermediate frequency- transformers with their tuner
condensers are mounted in shields similar to those used for "the
higher frequency transformets, and they are of the same size,

The coupling between the detector and the first audio amplifier
is by resistance. This is used to obtain as good quality as pos-
sible and also to allow the use of a screen grid tube for detector.
The use of a 237 aaudio amplifier is for the purpose of permitting
push-pull in the output, since a transformer cannot be used effect-
ively after the screen grid detector.

Bias by Voltage Drops

Wherever grid bias is needed, which is on al! the tubes with the
exception of the oscillator, it is obtained by resistances in the
cathode circuits. Thus in the first tube, which should be a 239
pentode, a 600 ohm bias resistance R1 is used. This is by-passed
with a 0.1 mfd. condenser Co. In the modulator a 30,000 ohm
bias resistance R2 is used, and this is by-passed with another 0.1
mid. condenser C5. .

The single intermediate frequency amplifier tube, which should
be a 239 pentode, is biased with a 600 ohm resistance R4, and
this is shunted with another 0.1 mid. condenser C6. The detector
tube, which is a 236 tube, is biased by means of a 30,000 ohm
resistance’ RS, The by-pass condenser C7 across this resistance
should be 0.25 mifd. or larger. ]

A 1,500 ohm bias resistance R9 is used on the 237 audio fre-
quency amplifier tube. For effectiveness the condenser C11 across
this resistance should be about one microfarad. In the output stage
a common bias resistance R10 is used for the two 238 pentodes.
The proper value for this bias resistance is 750 ohms. No by-pass
condenser is needed across this resistance since the circuit is bal-
anced. However, no harm will result if a one microfarad or larger
condenser is used across-it.

Plate and Screen Voltages

The only. voltage available for the plates and screens is the line
voltage, which is nominally 110 volts but may be somewhat higher.
However, some of this is dropped in the filter choke Ch, the
amount of drop depending on the resistance of the choke. If we
assume that the line voltage actually is 115 volts and the drop in
the choke is 5 volts, we still have 110 volts for the plates. This
full voltage is applied to all the plates with the exception of that
of the oscillator tube, and also on the screens of the two 238 power
tubes.

With this voltage on the plates we are justified in applying 70
volts on the screens of all the tubes except that of the detector.
We can also apply this voltage on the oscillator tube. On the
screen of the detector we should not apply more than 10 volts.

With this voltage distribution we can compute the required
resistances in the voltage divider. First we shall assume that the
bleeder current, which we may choose at will, is 10 milliamperes.
This makes R6 1,000 ohms. The screen current to this tube is en-
tirely negligible so that we can also assume without any error that
10 milliamperes flow in R12. The drop in this resistance is to be
00 volts, that is, the required voltage on the screens less the volt-
age on the screen of the detector. Therefore R12 should be 6,000
ohms.

Filtering

Now we have only R13 left. In this the current is greater than
10 milliamperes because the screen current to the two 239 pentodes
and the plate current of the oscillator also flow in it. The screen
current in the modulator can be neglected, for it is extremely small.
The oscillator plate current is not more than 4 milliamperes and
the screen current in each of the r-f pentodes is not more than one
milliampere. Hence the total current in R13 is approximately 16
milliamperes. The drop in this resistance is 110 volts less 70 volts,
or 40 volts. Therefore R13 should be 2,500 ohms.

Very little filtering of the plate voltage need be done because
the line voltage is comparatively free from hum in the first place.
A 30 henry choke Ch, or even a choke of lower inductance, is suf-
ficient, in conjunction with a couple of condensers C12 and C13
of about 4 mfd. each. It is not necessary to use electrolytic con-
densers. Indeed, it is not even desirable because of the danger of
getting the polarity of the voltage wrong. This would damage the
electrolytic condensers, whereas it will do no harm at all to ordinary
paper condensers. Neither do the condensers have to be of high
voltage rating since the voltage will never exceed 120 volts. Con-
densers rated at 200 volts d-c will do, and these are inexpensive.
C8 and Cl14 across the voltage divider sections need be no larger
than 0.5 mfd. each, and of course, the voltage across them will not
be even as high as that across the others, Hence low rating con-
densers will do here too.

Since this circuit is to be used on a 110 volt d-c line it is best
to connect the heaters of the tubes in series. The order in which
they are connected is unimportant, and they may be connected in
the order indicated by the numbers associated with each heater.
These numbers run from 1 to 9

Precautions

The pilot light should also be connected in the series, and it
should be put between the chassis of the set and the first tube.
The reason for this is that the pilot light is usually mounted on
the dial and turns with it, thus being connected with flexible leads.

(Continued on next page)
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A Four Tube A-C Set

Phonograph Amplifier Uses Two A-F Stages
By Constantin Merwin |
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FIG. 1

A four-tube a-c receiver,
pentode output, with a
special switching arrange-
ment for phonograph con-
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wants to build it, and usually finds no diagram to point the

way. But Fig. 1 shows the circuit as it has been built with
excellent results in quality, but not as much selectivity as modern
conditions require. In fact, the general lack of diagrams of four-
tube models is due to the lower order of selectivity performance,
as compared to the five tube model that costs only a very little
extra and which is covered by Blueprint 627. While it is realized
that some four-tube commercial midgets were on the market, the
five-tube midgets took the business away from them, and for the
reason stated, besides the extra sensitivity.

So it is not with any great encouragement that the circuit is
presented, except that if one is particularly keen on quality, lives
in a locality where half a dozen or so locals are transmitting, and
does not want much volume, the circuit will fill the needs.

On the score of quality, there is no danger whatsoever of side-
band cutting, as local stations 50 kc apart proved there was good
transmission through the set at 25-kc. Each station came in alone,
but just midway between two stations both heard.

Excellent Phonograph Amplifier

EVERY so often some one insists on a four-tube-a-c design,

The radio performance may not be rated very seriously. How-
ever there is provision for phonograph pickup, so that two stages
of audio amplification are used, and thus the phonograph service is
excellent. The switching arrangement is not often shown, and
therefore will be detailed.

The phonograph connection would be made to jack posts be-
tween ground and the intended ground end of the secondary of
the interstage coupling transformer. If no pickup is used, then
the switch is thrown to the left, and the r-f coil becomes grounded.
So it makes no difference if there is a pickup in circuit or not,
the radio purposes are served nevertheless, and if there is a pick-
up it may be left connected at all times to the phono post jack
posts.

If it is desired to usé the pickup -connection, then the switch is
thrown to the right, in which case the pickup winding will return
the tube grid to ground, and the switch will short out the 0.05 meg.
(50,000 ohm) section of the biasing resistor, leaving some smaller
value in circuit, which may be from 2,000 ohms to 5,000 ohms.
The object is to change the operating characteristic of the —24
tube. Primarily it is a detector, but for phonograph pickup we
desire the tube to be an amplifier. The only change necessary is
reduction in the negative bias. For amplification, with small input,

Sw

o

!

as from a pickup, the bias may be only a fraction of a_volt nega-
tive, but anything up to 1.5 volt may be used. The bias will be
about 0.1 \{'olt per 1,000 ohms.

More Volume

This pickup connection has its advantages, since connection simply
to the input of the pentode will not result in enough volume to
satisfy most persons. And yet so many sets have only one stage
of audio—the output tube is the only audio amplifier because it
is pentode, and therefore is highly sensitive—yet two stages are
really required for phonograph work. So we change the detector to
an amplifier and have our really necessary two stages in grand
style. So the circuit may be regarded as a fine phonograph am-
pliger, with a little radio on the side.

The phonograph switch is of the single pole double throw type,
and may be a toggle, although if a phone plug is used for the phono-
graph connection the switching may be done by a switch-jack. This
is not to be confused with the phonograph jack previousiy referred
to, which is moulded assembly with two pin jacks inset, to receive
the phonograph pickup’s tipped leads.

As for parts, L1IL2 and L3L4 are alike, for 0.00035 mid. for
Cl. They consist of 127 turn secondaries on 1 -inch diameter,
primaries wound over secondaries near one end, insulation between
windings, and 15 tyrn primaries: For 114 inch diameter the sec-
ondaries for this capacity consist of 120 turns, primaries same as
before. For 0.0005 mfd. 1 inch diameter, 100 turn secondaries, 14
inch diameter, 95 turn secondaries, primaries the same as previously.
The wire for secondaries is No. 32 enamel or thereabouts. Pri-
maries may consist of any kind of insulated wire.

Tone Control

All the resistors may be of the 1 watt type, except the 10 ohms
across the 2.5 volt heater winding.

The field coil of the dynamic speaker is used as the B supply
choke and bias resistor for the pentode. Therefore the resistor-
capacity filters are necessary in the detector plate and pentode
grid circuits, these consisting in this circuit of 0.1 meg. and 1 meg.,
the bypass capacities being 0.1 mfd., but capacities may be larger,
if you happen to have larger capacities on hand, say, up to 1 mfd.

If the 1 meg. leading directly from grid of pentode is replaced
by a potentiometer (used as rheostat), then you also have a tone
control. A value of 0.5 meg. will do for the potentiometer. The
device would have to be insulated from a metal chassis.

Expert Design of

(Continued from preceding page)
If the light is connected next to the chassis, any short in the flex-
ible leads will only short the pilot light. It will not stop the set
from playing and it will not do any damage.

A ballast resistance should be placed at the other end of the
series, that is, between the last tube and the positive side of the
line. This ballast is R11. To determine its correct resistance value
we have to take into account the total drop in the series, the line
voltage, and the current that should flow. Each of the tubes takes,
0.3 ampere, and the pilot light will carry the same. The drop in

110-Volt D-C Set

each tube is 6.3 volts, on the average, and the drop in the pilot light
is 2.5 volts, for a lamp of this voltage rating can be used. Hence
the total drop is 52.9 volts. We have assumed that the line voltage
is 115 volts. Therefore the voltage to be dropped in R11 is 62.1
volts. Since the current is 0.3 ampere, the resistance value of R11
should be 207 ohms. It will do no harm if the resistance is 200
ohms, but if it is much more than 207 ohms, the sensitivity of the
set will be considerably less than it should be.

The wattage dissipated in the ballast is 62.1x0.3, or 18.63 watts.
Hence the rating should be at least 25 watts.
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Anderson’s Auto Super
It Brings in DX 10 KC from Locals
By J. E. Anderson
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FIG. 1.
This 8-tube automobile set has a sensitivity of 10 micr ovolts per meter, uses 400 kc. intermediate frequency,
is therefore “one spot” from 700 to 1340 kc., and works well even on a 6-foot aerial and no ground.

[The automobile set discussed herewith was analyzed in detail in
last week’s issue, dated February 13th. This week the parts are
listed and a few additional details given. This is the best auto cir-
cutt we have ever published and is covered by Blueprint No. 631.
—Ep1toR.]

XPERIMENTS with the 8 tube superheterodyne have dem-
E onstrated that the idea of a 400 kc. intermediate frequency

is sound. The circuit was equipped with 239 tubes for r-f
and i-f amplifiers, 236 tubes for detectors, 237 for oscillator
and first audio frequency amplifier, 238 tubes for power ampli-
fier, and the output was delivered to a special dynamic speaker
designed for the push-pull 238 tubes and 6 volt field: The circuit
was grounded but no other antenna than a six foot wire on the
floor was used. Under these conditions all local stations came
in with -tremendous volume. But the fact that the set could
bring in the local stations was no test, for if a circuit
for an automobile does not bring them in with very good
volume it may as well not be put in a car.

Test on DX

The tesst came when distant stations were tuned in through
the locals. Thus WLW came in strong through WOR, a strong
local separated only 10 kilocycles from WLW. WEAF is
even a stronger local station in the locality where the set was
tested, yet one station on each side of WEAF came through
with strong volume without any interference from the local
giant. No attempt was made to identify the stations but one
of them is located in Chicago and the other in Nashville, each
operating on 5,000 watts. There are several other stations on
these two waves, 650 and 670 kc, but they are small and located
at greater distances.

In turning the dial slowly from one end to the other the
same story was repeated. Stations close in frequency to strong
locals were tuned in with fair volume and no interference from
one end of the dial to the other.

WMCA is a local operating on 570 kc. 'WPFI is a Philadelphia
station operating on 560 kc. Both came in without mutual

. interference.

Station on Every Channel

At the high frequency end of the dial there was a station on
every channel. Not all of these came in clear because in several
instances there were two stations operating on the same channel,
though not on the same frequency. The beat between them
could be heard as a fluttering.. It was a tribute to the set that
it could bring them in even in this manner. Next to one of
these fluttering twins a station would come in strong and
clear, the interfering station, if any, being too far removed, or
too weak at the origin, to cause any noticeable interference.

It is quite customary to disregard any lack of selectivity on
the high frequency end of the dial and dismiss it with the
statement that there is no entertainment value in them anyway.
This is just an excuse for a poorly selective set. With this
set there was considerable entertainment value in many of the
lower wavelength stations because most of them could be

LIST OF PARTS
Coils

One set of three shielded automobile coils, consisting of two
identical t-r-f coils and one oscillator coil.

One set of two shielded intermediate frequency transformers,
400 kc, primary and secondary tuned, Hammarlund superhetero-
dyne condensers built in. ]

One push-pull audio frequency input transformer.
Condensers

One three-gang 0.00035 mfd. tuning condenser, trimmers and
sectional shields built in.

One set of four 0.25 mfd. tubular bypass condensers.

One shielded block containing three 0.1 mfd. condensers.

One 0.0015 mfd. mica bypass condenser.

One 0.00035 mfd fixed condenser.

One 0.1 'mfd. tubular bypass condenser.

OI’xe Hammarlund adjustable padding condenser 350-450 mmfd.
Resistors

One set of eight pigtail resistors consisting of two 300 ohm,
one 10,000 ohm, two 30,000 ohm, one 100,000 ohm, one 250,000
ohm, one 1,000,000 ohm.

Other Requirements

One set of ten wafer sockets consisting of one marked VC
for remote control connection, one marked SPK for speaker
connection, two marked 239, two marked 236, two marked 237
and two marked 238.

One set of six grid clips.

. One remote control tuning and volume control unit, consist-
ing of dial, two cables, 10,000 ohm potentiometer, pilot light,
switch key, clamp, pulley, counterspring and UY plug.

One 714 x 119/16 x 23 inch drilled steel chassis, one steel cover
to fit over chassis, and one removable front for cover, front
pierced at two places to receive remote control and speaker
plugs, and one B battery box.

n One four-lead cable, 8 ft. long., for A and B battery connec-
ions.

One set of six spark suppressors, to go on spark plugs, and
one 1 mfd. bypass condenser, to be connected to commutator.

One dynamic speaker for autos, with 6 volt 4-ohm field, 1.5
amperes.

One special auto aerial, to go under the running board, two
brackets to hold aerial 6 inches from board.

Two dozen 6/32 screws and two dozen nuts.

One set of four 6/42 Parker screws.

One roll of hookup wire, 25 feet.

Tubes: two 236, two 237, two 238, two 239.

received without any disturbances from neighboring stations.
It is often said that the 238 tubes, even when used with a
speaker designed for them, do not give sufficient undistorted
volume for home purposes. This is not so. The quality from
this set was good and there was lots of volume.
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Elimination of Hum

Causes of Nuisance and Ready Remedies
By Neal Fitzalan

224 0e
235

UM’S a common
cause of a trou-
ble in a-c receiv-

ers, even in these days,
and also it is true that a
receiver that does not
hum at the factory may
hum in a customer’s
home, so there must be
some association of lo-
cation with hum. It is
not only the receiver
that must-be analyzed,
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As for filtration, it is

ground circuit of the re- l j
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usually quite sufficient
to use a B supply choke
coil, with 8 mfd. ca-
pacity next to the recti-
fier and 8 mifd. at the
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output of the filter sys-
tem. The choke has a
nominal inductance of
30 henries, and it may
be the field coil of a-dynamic speaker. It is assumed that the
heater circuit is grounded, and since nowadays the same 2.5 volt
winding serves heater type and power tubes as well, ground-
ing usually exists. It may be through a condenser and resistor,
as where separate biasing of the output stage is provided, or,
where the B choke is in the negative leg,  the 2. volt center
is grounded (Fig. 1).

FIG. 1
ML pa

Resistor-Capacity Filters

Wiith resistance coupled audio there is likely to be
more hum than with transformer coupling, because frequencies
of hum (60 and 120 cycles, particularly the latter), are well
amplified. Therefore additional filtration is provided, resistor-
capacity circuits, either in the power tube’s grid circuit, or
additionally in the detector plate circuit. The capacities, shown
as 0.1 mfd,, may be increased to 1 mfd. further to reduce hum.
In fact, the hum is virtually killed.

If audio regeneration is used, as by including the resistor R,
then the hum may go up a little; and to atone for it, the first
audio grid circuit may be subjected to resistor-capacity filtra-
tion, the value of resistance not being so important as that
of. the capacity. In fact, resistors of from 0.02 meg. (20,000
ohms) up may be used.

Another alternative is to- put a condenser from one B plus
post of the voltage divider to another B plus post, this being
a sort of hit or miss proposition, because it depends on dephas-
ing the voltages, due to the condenser introduction from points
of existing resistance. No set values can be given without fore-
knowledge of the ‘resistances and other factors, but from
0.05 mfd. to 0.5 mfd. have worked satisfactorily, when the correct
value is found.

Check for Open -Grid

It should be noted that when the bias for the output tube
is taken from the drop in a negative-leg choke, as in Fig. 1,
that such part of the choke as is used for bias is in the power
tube’s grid circuit, and therefore the hum introduction will be
greater than if the power tube were biased in the more usual
way, through the voltage drop in an independent resistor
through which only the power tube’s fully filtered plate current
flows. Hence the resistor-capacity filters previously discussed
become imperative. But the circuit finally is one as free from
hum as others.

An open grid circuit will cause hum, and careful check should
be made for this cause, as the trouble is one that easily eludes
the service man or experimenter. If the grid is open there is
no bias, so connecting a wire from grid to B minus, with a
meter in the tube’s plate circuit, will disclose whether the open
exists. The plate current through the tube will decrease consid-

erably when an open circuit is closed that way.
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The antenna-ground condition is an unusual one. If the
chassis is metal, most likely it is grounded, and the return of
the antenna coil is made to the chassis, e.g.,, to an uninsulated
binding post thereon. The aerial circuit hum is peculiar in
that hum exists on some stations, not on all, and has been
called tunable hum:

Reason Disclosed

Until recently the reason for this hum was not known, but
now it is pretty generally regarded as being caused by the
capacity to ground in the power transformer. At certain radio
frequencies the aerial return finds its path of least resistance
through the power transformer, and thus the r-f input becomes
modulated with the hum, meeting it, as it were, in wholly or
partly unfiltered condition. At those frequencies where the
chassis itself (external ground) affords the path of least resist-
ance to ground, the hum is not heard. The proposed remedy
is to isolate the external ground. Connect it to the end of
the antenna winding only, and leave the chassis take such
ground as is afforded through the capacity to ground in the
power transformer. This method actually works, but it does
reduce a little the r-f input to the receiver. It is better to
have reduced r-f input, however, than intolerable and even
otherwise baffling hum, especially as primary can be enlarged
on r-f transformers, or on the antenna coupler alone, to build
up the volume.

Additional Choke

One may also add another B choke to one already in the positive
leg of .a rectifier filter. A condenser always should be next to
the rectifier, for minimum hum, as choke input methods are
hum-provocative. It is also true that the midsection condenser.
whatever capacity, sometimes adds to, instead of diminishing, the
hum. Tests should be made as to inclusion and exclusion, and if
exclusion is decided on, then the extra capacity may be added to
the end of the rectifier filter.

One diagram shows the B plus lead taken from one side of
the rectifier filament, another diagram shows it taken from
center tap, but neither connection has any bearing on hum,
and there is no object in introducing a center-tapped resistor,
One side of the filament is fully as good as a center tap on
the winding for taking off this voltage.

R-F Filtration

Radio frequency filtration should not be neglected. Resistor-
capacity filters in screen and plate leads, along lines discussed in
audio connection, will help, but if there is much hum the reason
does not lie in this direction.
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in an All-Wave
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FIG. 1

Some of the problems of

an all-wave superheterodyne, based on this diagram, are discussed in the article

herewith.

HE problems associated with the design of an all-wave re-
ceiver, meaning from about 15 to about 550 meters, are many,
so that the completion of a really satisfactory circuit is difficult.
A solution to some of the problems will be found in Fig. 1, and it is
the purpose to outline the circuit on the basis of the main difficulties.

A superheterodyne circuit was chosen because high selectivity thus
could be attained, as well as much-needed sensitivity. For the broad-
cast band a stage of tuned radio frequency amplification is necessary,
as the selection must be of a higher order than afforded by the
modulator tuning alone, because the intermediate frequency is 175
ke. If it were higher the need would be less, but it has been found
that even for 400 kc intermediate frequency it is still desirable to
have the t-r-f stage.

Therefore the nine tubes of the circuit are worked for the broad-
cast band, but as soon as the short-wave band is reached there is
no need for this extra tuning, principally because it would help, if
at all, only on the basis of complicated switching. As it is, the
switching is extensive enough.

Untuned Stage Avoided

The first tube is left lighted, but isn’t used on short waves, for
since there is no tuning, if the tube were used it would be in an
untuned stage, and experiments have shown that untuned stages
are a detriment on short waves. They may help over certain fre-
quency spans, but over other spans they act more in the nature
of a short circuit than anything else,

When the switch SW-1 is thrown to the left, Fig. 1, aerial
connection is established at the primary of the antenna coupler.
When the switch is thrown to the right the aerial input is through a
fixed condenser of 0.00035 mfd. to the primary of the short-wave
antenna couplers, one at a time. Thus the switching should be such
that when short-wave coils are picked up the aerial is thrown auto-
matically to the short-wave primary, and besides this primary then
is grounded, whereas for broadcasts .it goes to B plus. It is ad-
visable for reasons of hum minimization to avoid a ground return
for the antenna input through the B supply. ) .

Whenever a primary is switched a secondary is switched. The
primaries are proportioned correctly for the frequencies concerned.
In this regard the tickler winding for the oscillator may be con-
sidered as a primary.

Since for the broadcast band tuning condensers of 0.00035 mid.
may be used, the secondaries are wound accordingly, but for short
waves, except the first short-wave band, this capacity is too h}gh,
therefore two semi-fixed condensers are cut in as series devices,
so that the capacity in circuit really is approximately halv_ed.
This change may be made automatically with a proper combination
switch. Excellent condensers for this purpose are of the super-

-

heterodyne padding type, 350-450 mmifd. These may be adjusted
once, on the second short-wave band, and left undisturbed.

The tuning condensers consist of a two-gang, for use on the
broadcast band, and an independent for the oscillator, so that no
padding would be necessary, yet to keep the dial readings nearly
alike parallel padding is used in two instances to reduce the capacity
ratio, hence frequency ratio, broadcast band and first short-wave
band. The parallel condensers, E, are 20-100 mmfd. equalizers.

So the oscillator always is independently tuned. For the two
remaining short-wave bands it is unnecessary to do any’ padding,
as the dial settings are almost identical, in other words, 175 ke,
the intermediate frequency, is a relatively small percentage of the
original carrier frequencies being tuned in.

Capacity Coupling in Mixer

It would be better for image interference elimination if the per-
centage were higher, as would be true at 400 kc intermediate, but
some intermediate frequency has to be selected, 175 kc is popular
these days, many have transformers for this frequency, and besides
the disadvantage, which is one concerning selectivity, is partly
compensated by the individual oscillator tuning.

Coupling between the oscillator and the modulator is effectuated
by a very small condenser, 0.6 mmfd., but that is plenty large
enough for the broadcast band and therefore also for short waves.
The advantage of using so small a capacity is that, while sensitivity
is less, selectivity is greater on the broadcast band, where selectivity
is of paramount importance. For short waves the coupling is suffi-
ciently close by this methdd, to say the least.

The greater the electrical separation between the oscillator and
modulator circuits, the greater the independence of tuning, hence the
greater the selectivity, provided there is some coupling. The trouble
with close coupling is that the two circuits tend to tune as one,
that is, one pulls the other, and they become resonant really to only
one frequency. The oscillator voltage being much greater than the
modulator voltage, the oscillator pulls the modulator.

The intermediate amplifier is always a possible source of trouble,
because of oscillation. Grid circuit filtration is used in conjunction
with necessary connections to an automatic volume control tube
(-27), but in addition the leads to and from the intermediate trans-
formers have to be kept short, as welt as the transformers being
shielded, the shields connected to ground, which may be a grounded
metal chassis. The voltage for the plates of the intermediate tubes
must be below the maximum B voltage obtainable, therefore a re-
sistor of 2,250 ohms is used to reduce the voltage to around 200
volts, while the 800 ohm cathode resistors supply- a steady bias of
3 volts or a little. more, necessary under the circumstances, especially
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when no signal is being received. When a signal is coming .through,
the steady bias thus provided is augmented by the extra bias from
the a-v-c tube. It should be borne in mind that in reality the a-v-c
tube provides a voltage negative even in respect to B minus, the
usually considered negative lead of an a-c receiver. .

Because of this automatic volume control the mtermedlajce tubes
should be of the variable mu type, either the -51, as imprinted on
the diagram, or the -35. For selectivity objects, also, the first or
t-r-f tube is of the same type. But the modulator must be a -24,
as the -51 and the -35 are no good for modulation. M

If there is oscillation in the intermediate amplifier then it will be
necessary to put resistor loads in the screen leads and not bypass
them. These loads would go from individual screens to the common
screen lead and would consist of resistors of 0.02 meg. (20,000
ohms) or greater resistance value. It should not be necessary to
filter the plate circuits under that condition.

Reversal of Leads

One precaution that should be taken, if squealing is experienced
in the intermediate channel, is reversal of the leads on one of the
. coils in one of the intermediate transformers. For instance, reverse
the primary or secondary of the first intermediate coil, whichever is
handier, and if no improvement results, restore the lead and mgke
a similar change in the last intermediate transformer. Reversing
connections means that, for instance, the lead that went to plate
now goes to B plus, and the one that went to B plus now goes to
late.
P However, lead reversal is not of much use in some instances, and
it may be that reversals will do no good but harm instead. It then
tends to prove that the stray coupling between or among stages is
entirely too great and may be due to excessive inductive coupling
or to capacity coupling as well. If it were capacity coupling, neu-
tralization could be effected by putting a small adjustable con-
denser, say of 20 mmid., from plate of one tube to plate of either
of the remaining tubes, ascertaining whether feedback is stopped
by adjustment of this condenser.
It is well, in the beginning, to mount the intermediate transformers
so that the second is at right angles to the first, and the third is
at right angles to the second, as having each one at right angles to

the two others is not handy with modern transformers that are to -

be mounted in a particular position, for instance, upright. However,
if you can manage it in the total right-angle manner, do so.

Determination of Screen Voltage

On inspection it will be found most likely that the intermediate
transformers consist of honeycomb coils, and that they are mounted
parallel in respect to each other. Therefore turn the second trans-
former so that its coils are at right angles to the first, and the
third so that its coils at right angles to the second. When this
is done the reversal of connections may prove an effective remedy.
Under conditions of unparticular mounting the suggestion for re-
versed connections is likely to prove of no benefit.

The screen voltage is something that has to be watched with a
hawk’s eye. Very few persons who build receivers at home really
know what the screen voltage is. The resort to measurements taken
with a voltmeter of even 1,000 ohms per volt sensitivity is likely to
prove of little value, because of the error. ’

One way to determine the voltage, in the absence of an electro-

 Common Troubles

static voltmeter, is to put a less sensitive milliammeter in series
with the voltage divider, between ground and the lower 0.05 meg.
resistor at right, ascertain the current, multiply the current in
amperes by the measured value of this assumtively 0.05 meg. re-
sistor, and subtract the result from the voltmeter reading betwéen
the assumed 200-volt tap that feeds the tubes forward of the
detector. If it is desired to lower the screen voltage, the resistor
just discussed, 0.05 meg. connected toward ground, may be smaller
instead, or another similar or larger resistor put in parallel with
‘the 0.05 meg.
Lower Screen Voltage

While the standard recommendation is 90 volts for the screens,
at 180 volts on the plate, it is all right to use a lower voltage, even
200 volts on plate, and it may be necessary to do so for complete
stability in the intermediate channel.

The question of stability has some reference to the a-c line voltage,
and as ‘this is not sure, and even varies from time to time in sub-
urban sections, experiments are necessary for a satisfactory deter-
mination of the correct value of resistor to use.

The output stage is more or less standard, two 2.5 volt windings
are shown, but one may be used instead, if it will stand the drain,
the B supply choke is in the negative leg, and it is the field coil
of the dynamic speaker, while the connections for speaker and B
choke, as well as pentode bias, are made through a tube socket
so that a UY plug from speaker will pick up the leads. For this
socket use P for ground, grid for tap on the field coil, K for B
minus, heater-adjoining-plate for plate and heater-adjoining-cathodé

for B plus. )
Coil Data

The antenna coupler and interstage coupler for the broadcast
band consist of 25 turn primaries wound over 127 turn secondaries,
for 0.00035 mfd. tuning, the diameter tubing being 1 inch, the sec-
ondary wire No. 32 enamel, or thereabouts, Put insulating fabric
between primary and secondary and use shields of about 2 inch
diameter, aluminum or zinc composition. The oscillator coil for
the broadcast band has 107 turns of the No. 32 enamel wire or
thereabouts for the grid winding and 25 turns wound over the
secondary for the plate winding. Any kind of insulated wire may
be used for the plate coil.

The antenna coupler and interstage transformer for the first
short-wave band consist of 10 turn primaries and 40 turn secon-
daries, using No. 24 single silk covered wire on primary and secon-
dary of the antenna coil, and on secondary of the interstage coil,
any kind of wire on the interstage primary. The oscillator consists
of 30 turns, No. 24 wire, grid winding, and 15 turn plate winding.

The second set of coils for the short wave band consist of 8 turn
primaries and 20 turn secondaries, No. 22 wire on all secondaries
and on antenna primary, but any kind of wire on the plate windings.
The oscillator grid winding is like that for the others, but the
tickler has 12 turns, and is wound alone. Primaries and tickler
are wound alongside of, not over, secondaries, and there is 14 inch
separation for the t-r-f coils and 1/16 inch for the oscillator.

The last set consists of 10 turn secondaries, No. 22 wire, primary
of antenna coupler, 4 turns same kind of wire, primary of interstage
coupler, 4 turns of any kind of wire, tickler 10 turns of any kind of
fine wire. The separation between primaries and secondaries is 14
inch, and between tickler and oscillator grid winding, 14 inch.

Short-Wave Club

RE you interested in short waves? Receivers, transmitters,
A converters, station lists, trouble shooting, logging, circuits,

calibration, coil winding—what not? If so become a
member of Radio World’s Short Wave Club, which you can do
simply by filling in and mailing attached coupon. O, if you
prefer,, send in your enrolment on a separaté sheet or postal
card. As many names and addresses as practical will be pub-
lished in this department, so that short wave fans can corre-
spond with one another. Also letters of general interest on
short wave work will be published. Besides, manufacturers of
short wave apparatus will let you know the latest commercial
developments. Included under the scope of this department is
television, which is spurting forward nicely.

. Here_ is a list of new members. Almost every week such a list
is published. There are no repetitions.

Richard Gumb, 61 Pleasant St., Methuen, Mass.
Irving Gross, 83 Sutter Ave., Brooklyn, N. Y,

Louis Gi'bert, 8th No. & Roy St., c/o Puget Sound Power & Light Co.
Seattle, Wash. '

Elmer A. Haye, 82-70—88th Place, Glendale, L. I., N. Y.
Paul K, Peden, 0. Box 212, Flat Rock, Mich. -

Richard Temple Sargent, 205 South First Street, Ponca, Okla.

J. Brudeski, 4522 E. 15th St., Erie, Pa.

Sam Licata, 31' Philander St., Rochester, N. Y.

I. McLean, 3745 29th Ave.,, West, Vancouver, B, C., Canada.
Robert W. Stabenau, 3219 So. Kinnic Ave., Milwaukee, Wis.
Orval Floyd Shipley, R. F. D. No. 3, Box 573, Toledo, Ohio.
Samuel Brown, 517 Thatford Ave., Brooklyn., N. Y.

Frank Demiski, 7125 Union Ave., Cleveland, Ohio.

P. L. McDarfiel, Fairmont, N. C.

Ralph L. Cleveland, 5 St. Paul St.,, Montpelier, Vt.

J. Warren Donahue, 1326 Oak St., Los Angeles, Calif.

C. E. Chambers, 2303 N. Mansfield Ave., Chicago, Ill.

R. C. Young (new address), Route No. 1, Box 309, Yakima, Wash.

——— — — — — o — —_—

Short Wave Editor, Rapio WorLD, 145 West 45th St., New York.

Please enroll me as a member of Radio World’s Short Wave
Club. This does not commit me to any obligation whatever.



10

RADIO WORLD

February 20, 1932

SERVICE SHEET NO. 3 — MEASURING DEVICES
RESISTANCE MEASUREMENTS

This is a continuation of the service sheet
published Feb. 6, when the data for 0-0.5
and 0-1 milliammeters were given. The ob-
ject of the graphs and the tables is to pro-
vide data for calibrating milliammeters as
direct reading ohmmeters, or to read the re-
sistance when the current is known. The
tables enable plotting curves on larger a
scale. Hence no resistance calibration is
necessary on the meter. In each case a lim-
iting resistance, which is given, is supposed
to be connected in series with the meter and
the battery, the woltage of which is also
given. Last week the 0-1.5 ma and the 0-100
wa were discussed.

Meters Read Current;
Voltage and Resistance
Terms Easily Derived

Meters are current-measuring devices, but also may
read voltage and resistance by proper application.
For voltage measurements a series resistor is used,
and the current through the meter is proportional to
the applied voltage. Therefore by the amount of cur-
rent passing through the meter that has the series
resistor the voltage may be ascertained from a voltage-
calibrated scale. Likewise, if a known steady voltage
is applied to a current meter that has a fixed resistor
in series with it, the amount of current will change
with the values of an unknown resistance additionally
put in series with the limiting resistor. Hence it is
possible to measure resistance values by using the
meter: i

Legibility of Reading

Either the meter may be made for the special pur-
pose of providing resistance measurements, whereupon
a resistance scale is on the meter, or a d-c¢ current
meter may be used with specified fixed resistance in
series, and a specified steady voltage applied, so that
by reading the current, reference may be made to a
table or curve to ascertain the value of an unknown
resistance. Last week the 0-100 milliammeter was
discussed in conjunction with resistance measurement,
with an applied voltage of 4.5 volts, but this week the
voltage is shown as 6 volts, enabling reading to a
higher resistance value, namely 500 ohms.

When values of high resistance are to be measured -

the current meter should be of the sensitive type.
That 1s, at least a 0-1 milliammeter should be used.
Whenever a scale is put on such a meter for resist-
ance measurements to be read directly, or a table is
given or curve shown for indirect reading of resist-
ance values in terms of current values, high legibility
obtains only over a part of the scale, as the high and
low resistance values show crowding.

Computation for Accuracy

For instance, the 0-1 milliammeter might show read-
ings plainly from 5,000 to 50,000 ohms, and no matter
whether scale, table or curve is used, the readings in
the crowded areas are likely not to be very accurate.
However, many resistance measurements do not have
to be highly accurate, for some part is to be used in
a set, the resistance value is not critical, the desire
being to ascertain whether it is approximately right.
However, in all instances the voltage drop across a
known resistance can be read when the meter is used
as a voltmeter, the current can be read when a meter
is used as a current-reading instrument (no series
resistor), and the resistance then can be computed: It
is equal to the voltage in volts divided by the current
in amperes. When high accuracy is required, and
measuring means do not readily provide this, the com-
putation method should be followed, and it is the one
commonly used by engineers.

Not only is it valuable to have current, voltage and
resistance reading devices, but a great deal is thus added
to the enjoyment of radio work.
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70 .. 46.1 300 ...l 16.67
80 ... 429 350 ... 14.63
9 . ... 40.0 400 ... 13.04
100 ... 37.5 450 ... o0l 11.77
1o ... 353 500 ... 10.70

If the battery woltage is 3 volts instead of 6, make Ro equal to
30 ohms. The currents will then be the same for half the value of
Rx. Thus the scale will run from zero to 250 ohms. If the woltage
of the battery is 1.5 volts make Ro equal to 15 ohms. The resistance
will then be one-fourth the values in the table for the same current.
In this case the scale will run from zero to 125 ohms.

Special Precautions
Necessary for Making
A-C Measurments

Most measurements made concérn direct current, and
voltages derived from the potential "difference between two
is flowing. But often there are require-
ments for measuring alternating current. Different types
of meter movements are used for a-c measurements, and in
some instances a d-c meter is used with a rectifier element,
such as copper oxide, However, when a-c is to be measured,
precautions must be taken to have a meter suitable for the
measurements of the frequenéies involved. Meters that
measure the line voltage, for instance, are common. The
frequency normally is 60 cycles, and the meters work properly
at this frequency. In fact, there may be a wide margin of
frequency for satisfactory operation of an a-c meter. A popular
copper oxide rectifier type of meter, for instance, measures
well up to 10,000 cycles. It is practical to use a correction
factor for higher frequencies, but soon the limitations of the
meter become too great for continued extension of the fre-
quency. In the measurement of radio frequencies, the current
and voltage measuring meters must be of a delicate type, and
are usually damaged easily. The factor that requires specialized
choice of a-c meters for measurements at particular frequencies,
or rather in certain ranges of frequencies, is the changing
effect of ,the meter itself at the different frequencies. Thus
the meter’s opposition due to the flow of current at different
frequencies becomes considerably different. In other words,
the meter does not have the same impedance at all frequencies.
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Aeaning of Metric Units

An Easy Method of Conversion of Values
By G. A. Eklund

ULTIPLES and sub-multiples of electrical units often
cause confusion among those who have not mastered the
metric system of measurements, and there are many of
them for most school children assume. that the section on the
metric system in their arithmetic has little connection with
everyday work. Only those who go on and study physics are
compelled to master the subject.
Prefixes such as centi, milli, micro, kilo, and mega are only

. sub-multiples or multiples in the metric system, and since the

electrical units have been built up on the metric system, they
occur continually in literature on all electrical subjects, including
radio. Those familiar with the metric system know that there
are many other multiples and sub-multiples which do not occur
frequently in radio, or anywhere outside of the arithmetic
books. Thus there are the prefixes, deci, deka, hekto, and
several others.

Kilo means 1,000.and milli means 0.001, or one one-thousandth.
That is, these two are reciprocal. Mega means 1,000,000 and
micro means 0.000,001, or one millionth. Therefore these are
reciprocal. These four prefixes are the only ones used in radio
to any great extent.

Illustrating : Meaning

As an illustration of the meaning of the prefixes, let us take
the term kilocycle. For example, let us take a frequency of
550. kilocycles. Since kilo means 1,000, or one thousand, we can
just as well express the frequency as 550 thousand cycles, or
550,000 cycles. ‘We can only have multiples when we deal with
cycles because when we deal with cycles per second, a sub-
multiple of a cycle would not mean much. Still it would be
perfectly logical to speak of one millicycle per second, but it
would be preferable to. speak of one cycle in 1,000 seconds.

The reciproca] term, or prefix, is used for currents, voltages,
wattages, and inductances. Thus we speak of milliamperes,
millivolts, milliwatts, and millihenries. Instead of speaking of
so many millihenries we can speak of so many thousandths
henries. Thus 85 millihenries wpuld be the same as 85 thou-
sandths henries, or 0.085 henries. The same applies to any
other quantity, such as a voltage, a wattage, a current.

The prefix mega is used mainly in connection with resistance.
We speak of megohms, for example. Since mega means one
m}fllion, 5 megohms would mean 5 million ohms, or 5,000,000
ohms.

The prefix micro is used in connection with capacities and
inductances. Thus we speak of microhenries and microfarads.
Since micro means one millionth, one microhenry means one
millionth henry and one microfarad means one millionth farad.
One microfarad is a very large capacity and therefore it is cus-
tomary to speak of micro-microfarad, which means one millionth
millionth farad. ‘

Why We Use Multiples

The only reason for expressing quantities in terms of multiples
and sub-multiples is to avoid the use of large numbers, or
extremely small numbers. It is easier to speak of 5 megohms
than to speak of 5,000,000 ohms and it is also easier to speak
of 50 microamperes than to speak of 0.000,05 ampere. The mind
can grasp a whole number containing less than three digits
more easily than a whole number having more digits and also
more easily than a fraction. Hence we have multiples and sub-
multiples to aid the mind in grasping the value of a quantity.

We use the prefixes for the same reason that we use inches,
feet, yards, miles and leagues. It would be quite meaningless to
express the distance between two cities in inches. Suppose the
distance between New York and Chicago is 1,000 miles. That
1s equivalent to 63,360,000 inches. We have no difficulty forming
an idea of the distance when it is expressed in miles, but when
it is expressed in-inches it has no meaning.

The fact that the multiples and sub-multiples in the metric
system are based on 10 simplifies changing from one unit to
another, We do not have to get out pencil and paper and figure
out the relationship, for the relationship is stated in the pre-
fixes. When we use the English, or any other ancient method of
measurement, we do have to get out pencil and paper. There
is nothing at all in the name of a foot to indicate that it is

equivalent to 12 inches. Neither is there anything in the name .

of a yard to indicate that it is equivalent to 1/1,760 of a mile,
Although the relationship among the English units is complex
and haphazard, they are of help in grasping various distances,
The metric multiples and sub-multiples are just as useful, yet it
requires no mental or physical effort to convert a quantity from
one unit to another. In the metric system it is only a matter
of moving the decimal point to the left or to the right, when
the values are written down, or to change from English to

Latin or Greek, or vice versa, when we change the units verbally.

Kilo means 1,000 in Greek. Hence, when we say 5 kilocycles
and 5 thousand cycles we say the same thing. Milli means
thousand in Latin but in the metric system it means one thou-
sandth. Hence, when we speak of 5 milliamperes, we mean 5
one-thousandths ampere.

With one exception, micro, all the multiple prefixes are of
Greek origin and the sub-multiple prefixes are of Latin origin.
The following table shows the prefixes ordinarily used in the
metric system; together with their meaning.

Deka ..... el o 1) Gl e sionso da s 0.1
Hektol /vt 5 hs 100 centd LERl oL L 0.01
KAIGEE =515 =g FOgE = 1,000 millif .............. 0.001
Myria ............ 10,000 ........
Mega ............. 1,000,000 micro ............. 0.000,001

In changing the expression of a quantity from one unit to one
of its metrical multiples or sub-multiples, it is only necessary
to move the decimal point to the right or to the left. For
example, suppose we have a resistance of one megohm and we
want to express it in ohms. We set down unity and write six
ciphers after it, which is equivalent to moving the decimal point
six places to the right. Again, suppose we have a resistance
of 0.03 megohm, and we want to express this in ohms. We again
move the decimal point six places to the right and we obtain
30,000 ohms. Of course, moving the decimal point six places to
the right is equivalent to multiplying by one million. .

When changing from ohms to megohms we reverse the pro-
cess and move the decimal point six places to the left. Thus
let us assume that we have a resistance of 100,000 ohms and we
wish to express it in terms of megohms. We move the decimal
point six places to the left and obtain 0.1 megohm. When the
decimal point is not actually given it is understood to be after
the unit place. - That is, 100,000 means 100,000.0.

Kilocycles to Cycles

In dealing with kilocycles the factor 1,000 is involved and we
move the decimal point three places to the right or left. If, for
example, we have a frequency of 570,000 cycles per second and
want to express it in kilocycles we move the decimal point
three places to the left and obtain 570 kilocycles per second.
If we have kilocycles and want to express them in cycles we
reverse the process and move the decimal point three places to
the right. Thus is we have 1,000 kc, and want to express this
irequency in cycles we move the point three places to the right
and obtain 1,000,000 cycles.

When we are dealing with the sub-multiples the process is the
same. Thus, we have an inductance of 160 microhenries and
wish to express the quantity in henries, we move the point six
places to the left because a henry is one million times as great
as a microhenry. Therefore 160 microhenries equals 0.00016
henry. When we are dealing with the sub-multiple milli, we
move the point three places one way or the other. Thus, if we
have 10 milliamperes and want to express the quantity in am-
peres, we move the point three places to the left and obtain
0.01 ampere. If we have a current of 5 amperes and want to
express it in milliamperes, we move the point three places to
the right and obtain 5,000 milliamperes.

Sometimes we have to change from one sub-multiple to an-
other, or from one multiple to another. In such cases the
number of places the decimal point should be moved depends
on the ratio between the two units involved. For example,
suppose we want to change a quantity from milliamperes to
microamperes. One milliampere is 1,000 times greater than one
microampere and therefore we move the decimal point three.
places. Thus 50 microamperes equals 0.05 milliampere and 5
milliamperes equals 5,000 microamperes. The same relationship
exists between megacycles and kilocycles and therefore in
changing from one to the other we move the point three places
one way.or the other, depending on unit in which the quantity
is expressed originally. )

In changing from one unit to another the first thought should
be which of the two units is the larger. A given quantity will be
expressed by a smaller number when expressed in the larger unit.
When a quantity is to be expressed in a smaller unit the decimal
point must be moved to the right, and when a quantity is to be.
expressed in a larger unit- the decimal point must be moved to
the left. The number of places to move the decimal point in-
any case is determined by the ratio of the sizes of the two units:
involved. This ratio is always 10 or powers of 10, and it can-
be obtained from the table of prefixes given above. For example,:
suppose we want to express a quantity given ‘in kilo interms of-
milli. The ratio of kilo to milli is  1,000,000.  Hence we move the:
decimal point six places, for there are six ciphers in the nuniber.
giving the ratio. : i
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Test Oscillators Powered
One Model Uses New Condens

[This is the third of a consecutive series of articles on test oscil-
lators. The first was published in the February 6th issuc, the
second last week in the February 13th issue. The test oscillators
are of the adapter type, that is, obtain their power from a broad-
cast set. Previous articles had to do with plugging into a radio
frequency or intermediate frequency socket. The present article
concerns use of a special adapter that picks up the voltages needed
from a pentode—EDITOR.]

O many sets now use pentode tubes that it is entirely practical
S to have radio devices that obtain their power from the re-

ceiver, without “killing” a tube. The heater and positive o
voltages are desired. The heater voltage for the operated device
will be the filament voltage of the pentode, while the positive B
voltage will be the screen voltage of the pentodes that have their
screens at the K terminal of the socket. These are the 247 and
the 233, the latter being of the automotive series. We shall confine
our discussion to cases concerning the 247.

While such” devices would not be entirely dependable for field
work, because one might not encounter a pentode set on a given job,
nevertheless any one who has-a pentode set can use the devices in
his home or laboratory.

The test oscillator diagrammed in Fig. 1 is like the one pub-
lished in the February 6th and 13th issues, except that the voltages
are derived from the pentode socket. Plug-in coils are used, and
the frequency range is dependent on the coil and condenser. Since
only one condenser is shown, and it is assumed to be 0.00035 mfd.,
the intermediate frequency band can be covered, also the broadcast
band in full, and the short waves, as far-down as it is practical
to obtain legible readings. A method of bringing the usefulness
down to about 11 meters will be explained.

Low Wave Difficulties

The lower limit on short waves normally is governed by the

- higher capacity settings of the condenser, for, assuming a frequency

ratio of 2.5 in this band, tuning in a‘given instance would be from
10 to 25 meters. Of course at 25 meters, full 0.00035 mfd. would
have to be used, but that is an inordinately large capacity for so
short a wavelength, and many thousands of kilocycles are quickly
passed over by a slight displacement of the dial. The oscillator, to
that extent, becomes virtually unworkable, until the lower settings
are reached, that is, lower capacity, representing lower waves.
But the unworkability at high capacity settings rules out the in-
tended coil.

Another factor is that oscillation intensity is best supported by a
high ratio of inductance to capacity. In general that is an injunc-
tion not to invoke 0.00035 mifd. capacity to attempt to tune in a
given frequency whereby the number of turns on the tuned wind-
ing would be very few, say, five.

However, it is not adamant that the full dial be used, total
capacity of the condenser, for short waves, and therefore a way
out is provided by the following method:

Use the total capacity limits of the tuning condenser for the
intermediate frequency band, for the broadcast band and for the
first short-wave band. In wavelengths the ranges would be, say,
1,000 to 2,000 meters, 200 to 600 meters, 70 to 200 meters. An inter-
mediate frequency of 175 kc, by the way, is equal to 1,713 meters.
Use half the dial displacement, the lower capacity values, for the
remaining short-wave bands.

Good Capacity On Short Waves

If the condenser is of the straight line capacity type, which is
unlikely, the lower half of the dial would represent half the total
capacity. If the plates are specially shaped, as is true in nearly all
condensers manufactured to-day, the total capacity of the lower half
would be less than half the total capacity displacement, a fair
average being 0.00012 mid. Now, this is a good capacity for short
waves.

When this system is used it is not only a safe assumption that
there will be no trouble from oscillation stoppage due to too low
a ratio of inductance to capacity, but also that the calibration will
prove easy, and good legibility of readings of the dial will prevail,
that is, wave or frequency differences can be read well.

Te achieve this result it is necessary only to wind a smaller coil
for the second short-wave band that at 50 on the dial will be tuned
to a wave a little higher than obtained at 5 on the dial with the
previots coil. Also it is important to remember that for the second
and succeeding short-wave bands as covered by the oscillator the

‘dial should be fead only from 5-50, even though waves could be

tuned in at higher settings that would duplicate waves tuned in
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FIG. 1

A modulated-unmodulated test oscillator that derives
its power from the pentode socket of a set and permits
operation of the complete reciver nevertheless. Plug-in

coils are used. '

with the next largest coil. There is no harm, of course, in running
the complete wavelength coverage curve for the coil primarily in-
tended to be of service only from 5-50 of the dial readings, as then
some higher wave may be reached, without changing coils, for a
hurried test, although some accuracy would be sacrificed.

Plug-in Coils

Since plug-in coils are used. they may be of the moulded type
with UX pins, outside form diameter approximately 1.25 inches.
The diameter is given at an approximate value because these forms
are moulded, hence they are of slightly different diameters, as
between extremes. The measured difference in circumference -on
a given form used in tests concerning these oscillators was 1/64
inch, equal to a diameter difference of about 1/190 inch. That
difference permits getting the form out of the mould. '

For the intermediate frequency band L1, Fig. 1, is an 800-turn
honeycomb coil, outside diameter about 1.25 inch, wound on
inch hub, while L2, the feedback coil, may be a similar coil, 300
turns, separation about 0.5 inch. The broadcast coil on the tube
base diameter (whether 1.25 inch as specified, or 1 5/16- inches
as sometimes prevails) may consist of 115 turns of No. 28 enamel
wire. The plate winding is put on near the pin end, with insulation
fabric between it and the grid winding, and consists of 20 turns
of any insulated fine wire. Normally the grid connection is taken
from top, tbe ground connection from bottom, for grid windings,
and if windings are in the same direction, then plate is the bottom
terminal of the tickler and B plus the top terminal. The pins of
the form may be used as follows: grid for grid of coil, F minus
for secondary return, plate for plate terminal of ‘coil and filament
plus for B plus.

It is assumed the coils will be shielded, a single removable shield
serving the purpose. A base such as used for tube shields there-
fore is mounted above the UX socket that is used as coil receptacle,
and the shield removed when a coil is to be changed. The oscilla-
tor can be worked, of course, without the shield, and the effect of an
aluminum shield of 2 inches diameter or more will not require any
change in the coil data, as the effect of the shield is to reduce the
inductance 6 microhenries on the broadcast coil.

Why 0-5 Is Ignored 3

v

Since 0.00035 mfd. condensers afford approximately a 3-to-1 fre-
quency ratio, and as the number of turns is approximately propor-
tionate to the frequency, the first short-wave coil would have one-
third as many turns as the other, except for a desire to provide more
overlap, therefore 40 turns would be used, the construction being

e e —— T s e S e U
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FIG. 2

A de luxe model pentode-adapter oscillator, with switch
: for coil connections to a special condenser.

:s formerly, and the tickler having 15 turns. The test is that that
Jaximum capacity setting (say, 100 on the dial) a wave is gen-
‘rated that is longer than that which obtained when the broadcast
b1l was used with dial representing minimum capacity.

;i Since condensers are of dubious value at the extremely low read-
g settings, 0-5 on the dial may be ignored, and 5 used as the
‘rarting point.

I Since few turns are involved for the next coil, it may be wound

D that at 50 on the dial it brings in a wave a little higher than
‘hat obtaining at 5 on the dial, when the next largest coil was
sed. The tickler turns may be total 10 in any case, for the second
aort-wave coil.

The frequency ratio now will be about 2-to-1, so having de-
wrmined the number of turns for the second short-wave coil, the
drmmber of turns for the next will be one-half, but add an extra
farn, and from then one exactly half may be used. Also, the wire
ay be larger in size for the two smallest coils.

! Modulation Optional

The frequency ranges for the short waves therefore will be about
5 follows: 200 to 70 meters, 71 to 36 meters, 36.5 to 19.5 meters,
9.7 to 11 meters. The total is six coils, to cover these bands plus
e broadcast and intermediate frequency bands.

The oscillator is provided with a switch so that a-c hum may be
itroduced as modulation. When the switch is thrown to connect
rid return to the cathode there is no hum, when it is thrown to
{onnect grid return to the one side of the heater of the —27 tube
fsed as oscillator, hum is present. Some tests require modulation,
‘thers are made without it.
§ The pentode adapter type of test oscillator has an advantage over
‘le types previously discussed in this series, in that overall test-
ag is entirely practical, no tube being “killed” to permit the
I},lscillator to function.- Thus modulated oscillation may be intro-
fuced at the antenna post in lieu of a broadcast signal. Any time
1:::11 want any of the frequencies within range of the oscillator you
an have them, modulated or unmodulated, and know what they
‘re. Moreover, after you have had such a test oscillator for a
g{'hile you will wonder how you ever got along without an oscilla-
't.'%r. In these days particularly, when superheterodyne circuits are
g

prominent, it is almost impossible to get along well without
1 oscillator, as a super can not be properly built or serviced with-
jut an external oscillator.

b ‘ Uses Skeletonized

Considerable information on how to use the devices described in
e Feb{uary 6th issue were contained in that issue, and as the
planation was detailed, readers are referred to that copy for

L e

information additional to what is about to be given here along the
same line of testing.

Briefly, the tests with the present test oscillator (Fig. 1) are:

Test of intermediate frequency: The desired intermediate fre-
quency is known, or in case a set is to be serviced, the intended
intermediate frequency is ascertained, the voltage connector intro-
duced in the pentode socket, pentode restored to position, the set
turned on, set oscillator tube removed, and the output of the test
oscillator connected to plate post of the modulator tube, and test
oscillator frequency established. Modulation is introduced and the
transformers tuned until maximum response results. This may be
determined by ear or with an output meter.

Test of modulator frequencies: Remove connections from the I
control grid of modulator and second detector, instead connect the
coil terminal of the modulator to the control grid of the second
and output of test oscillator to the same point. The oscillator tube
is removed from set. Note the dial settings on the set for the I
various frequencies generated when the broadcast coil is in the test
oscillator. Plot a curve, dial settings against frequencies. Have
plotting paper handy.

Test for oscillator: Knowing the intermediate frequency, also
the modulator tuning characteristics, you can register six or eight |
points on the curve, representing frequencies higher than the modu-
lator frequencies, by the amount of the intermediate frequency. |
Thus, if 175 kc is the intermediate frequency, select 550 kc, 650
ke, 750 ke, 850 ke, 950 ke 1,050 ke and 1,300 kc, and register points
175 ke higher in frequency, thus; 725 ke, 825 ke, etc. Then draw
the curve on the same sheet. You will then be able to read
from the curve the dial settings as they should obtain for the the
oscillator for the frequencies covered. Use the test oscillator to
register zero beats and note the frequencies. How much, if any,
the set oscillator is off, and in what direction, will thus be determined.
Instead of the ‘previous test, the modulated oscillator’s output may
be connected to antenna post of set (aerial disconnected), and the |
dial settings noted. These will be the set’s oscillator settings. The
frequencies will be higher than those put in by the amount of the
intermediate frequency. That is, the lower positioned curve (higher
frequency) registers what should be obtained, on the basis of sub-
tracting the intermediate frequency from the test oscillator fre-
quencies now generated. These data apply to padding superhetro-
dynes, and the reader is referred to the special article on this very
topic in last week’s issue (February 13th). Details of the peritode
connector for the present test oscillator were given in the February
6th issue.

The test oscillator also may be used for lining up t-r-f sets by
introducing the modulated signal at the antenna post.

Costs Estimated

The previously discussed oscillator may be built for around $5,
while at around $15 the same circuit can be constructed with a
special condenser and a real vernier dial, that is, a dial that can
be read accurately to one part in 1,000. Also, a switching arrange-
ment supplants plug-in coils. (Fig. 2).

The peculiar condenser diagram is supposed to reveal the fact
that the condenser has two rotors and one stator, and that the stator
is grounded, while rotors go to grid. No fear of body capacity need
be experienced, as the condenser frame and shaft are grounded,
and in that regard putting rotor to grid is just as good as putting
stator.

The condenser is built in two semi-circular facing sections, for
rotation the full 360 degrees, thus requiring a special dial, but Na-
tional Company makes its true vernier dial with 360-degree scale.
The rotor sections are dissimilar, the smaller being somewhat
crescent shaped, and accounting for 26 to 100 mmfd, while the
other is semi-circular except for a bulge at one end of the plates
to provide a minimum capacity equal to maximum capacity of the
smaller. So, half a turn of the shaft affords 26-100 mmifd., while
the other half, 100-375 mfd. The capacity change is progressive. A
switch built into the condenser, requiring no external wire, dis-
connects the unused part, so that the minimum capacity of the used
condenser is not added to that of the unused condenser. The benefit
of this condenser is dial readings are spread out, and that when
short waves are to be tuned in tuning may be readily confined to
the smaller capacity (26-100 mfd.), the larger capacity being
ignored.

The dial readings are always taken at the same point, and if
the numbers are progressive, and not reversed repetitions, the
smaller capacity was read from 0-100 and the larger from +-100

to 200. l
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[This is the third of a consecutive series of articles on test oscil-
lators. The first was published in the February 6th issue, the
second last week in the February 13th issue. The test oscillators
are of the adapter type, that is, obtain their power from o broad-
cast set.’ Previous articles had to do with plugging into o radio
frequency or intermediate frequency socket. The present article
concerns use of a special adepter that picks up the voltages needed
from o pentode~—EDpITOR.]

O many sets now use pentode tubes that it is entirely practical
to have radio devices that obtain their power from the re-
ceiver, without “killing” a tube. The heater and positive 1

voltages are desired. The heater voltage for the operated device

will be the filament voltage of the pentode, while the positive B

voltage will be the screen voltage of the pentodes that have their

screens at the K terminal of the socket. These are the 247 and
the 233, the latter being ‘of the automotive series, We shall confine

our discussion to cases concerning the 247.

While such” devices would not be entirely dependable for field
work, because one might not encounter a pentode set on a given job,
nevertheless any one who has-a pentode set can use the devices in
his home or laboratory.

The test oscillator diagrammed in Fig. 1 is like the one pub-
lished in the February 6th and 13th issues, except that the voltages
are derived from the pentode socket. Plug-in coils are used, and
the frequency range is dependent on the coil and condenser. Since
only one condenser is shown, and it is assumed to be 0.00035 mfd.,
the intermediate frequency band can be covered, also the broadcast
band in full, and the short waves, as far  down as it is practical
to obtain légible readings. A method of bringing the usefulness
down to about 11 meters will be explained.

Low Wave Difficulties

The lower limit on short waves normally is governed by the

- higher capacity settings of the condenser, for, assuming a frequency

ratio of 2.5 in this band, tuning in a given instance would be from
10 to 25 meters. Of course at 25 meters, full 0.00035 mfd. would
have to be used, but that is an inordinately large capacity for so
short a wavelength, and many thousands of kilocycles are quickly
passed over by a slight displacement of the dial. The oscillator, to
that extent, becomes virtually unworkable, until the lower settings
are reached, that is, lower capacity, representing lower waves.
But the unworkability at high capacity settings rules out the in-
tended coil.

Another factor is that oscillation intensity is best supported by a
high ratio of inductance to capacity. In general that is an injunc-
tion not to invoke 0.00035 mifd. capacity to attempt to tune in a
given frequency whereby the number of turns on the tuned wind-
g would be very few, say, five.

However, it is not adamant that the full dial be used, total
capacity of the condenser, for short waves, and therefore a way
out is provided by the following method:

Use the total capacity limits of the tuning condenser for the
intermediate frequency band, for the broadcast band and for the
first short-wave band. In wavelengths the ranges would be, say,
1,000 to 2,000 meters, 200 to 600 meters, 70 to 200 meters. An inter-
mediate frequency of 175 kc, by the way, is equal to 1,713 meters.
Use half the dial displacement, the lower capacity values, for the
remaining short-wave bands.

Good Capacity On Short Waves

If the condenser is of the straight line capacity type, which is
unlikely, the lower half of the dial would represent half the total
capacity. If the plates are specially shaped, as is true in nearly all
condensers manufactured to-day, the total capacity of the lower half
would be less than half the total capacity displacement, a fair
average being 0.00012 mfd. Now, this is a good capacity for short
waves.

When this system is used it is not only a safe assumption that
there will be no trouble from oscillation stoppage due to too low
a ratio of inductance to capacity, but also that the calibration will
prove easy, and good legibility of readings of the dial will prevail,
that is, wave or frequency differences can be read well.

Te achieve this result it is necessary only to wind a smaller coil
for the second short-wave band that at 50 on the dial will be tuned
to a wave a little higher than obtained at 5 on the dial with the
previotis coil. Also it is important to remember that for the second
and succeeding short-wave bands as covered by the oscillator the

‘dial should be read only from 5-50, even though waves could be

tuned in at higher settings that would duplicate waves tuned in
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FIG. 1

A modulated-unmodulated test oscillator that derives
its power from the pentode socket of a set and permits
operation of the complete reciver nevertheless. Plug-in

coils are used. .

with the next largest coil. There is no harm, of course, in running
the complete wavelength coverage curve for the coil primarily in-
tended to be of service only from 5-50 of the dial readings, as then
some higher wave may be reached, without changing coils, for a
hurried test, although some accuracy would be sacrificed.

Plug-in Coils

Since plug-in coils are used. they may be of the moulded type
with UX pins, outside form diameter approximately 1,25 inches.
The diameter is given at an approximate value because these forms
are moulded, hence they are of slightly different diameters, as
between extremes. The measured difference in circumference ‘on
a given form used in tests concerning these oscillators was 1/64
inch, equal to a diameter difference of about 1/190 inch. That
difference permits getting the form out of the mould. )

For the intermediate frequency band L1, Fig. 1, is an 800-tufn
honeycomb coil, outside diameter about 1.25 inch, wound on 34
inch hub, while L2, the feedback coil, may be a similar coil, 300
turns, separation about 0.5 inch, The broadcast coil on the tube
base diameter (whether 1.25 inch as specified, or 1 5/16.inches
as sometimes prevails) may consist of 115 turns of No. 28 enamel
wire, The plate winding is put on near the pin end, with insulation
fabric between it and the grid winding, and consists of 20 turns
of any insulated fine wire. Normally the grid connection is taken
from top, the ground connection from bottom, for grid windings,
and if windings are in the same direction, then plate is the bottom
terminal of the tickler and B plus the top terminal. The pins of
the form may be used as follows: grid for grid of coil, F minus
for secondary return, plate for plate terminal of coil and filament
plus for B plus.

It is assumed the coils will be shielded, a single removable shield
serving the purpose. A base such as used for tube shields there-
fore is mounted above the UX socket that is used as coil receptacle,
and the shield removed when a coil is to be changed. The oscilla-
tor can be worked, of course, without the shield, and the effect of an
aluminum shield of 2 inches diameter or more will not require any
change in the coil data, as the effect of the shield is to reduce the
inductance 6 microhenries on the broadcast coil.

Why 0-5 Is Ignored

A 4

Since 0.00035 mfd. condensers afford approximately a 3-to-1 fre-
quency ratio, and as the number of turns is approximately propor-
tionate to the frequency, the first short-wave coil would have one-
third as many turns as the other, except for a desire to provide more
overlap, therefore 40 turns would be used, the construction being

m
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i de luxe model pentode-adapter oscillator, with switch

5 for coil connections to a special condenser.

5 formerly, and the tickler having 15 turns. The test is that that
ijaximum capacity setting (say, 100 on the dial) a wave is gen-
rated that is longer than that which obtained when the broadcast
il was used with dial representing minimum capacity.

- Since condensers are of dubious value at the extremely low read-
ug settings, 0-5 on the dial may be ignored, and 5 used as the
jarting point.

i Since few turns are involved for the next coil, it may be wound
5 that at 50 on the dial it brings in a wave a little higher than
‘hat obtaining at 5 on the dial, when the next largest coil was
sed. The tickler turns may be total 10 in any case, for the second
10rt-wave coil.

£ The frequency ratic now will be about 2-to-1, so having de-
irmined the -number of turns for the second short-wave coil, the
amber of turns for the next will be one-half, but add an extra
virn, and from then one exactly half may be used. Also, the wire
llay be larger in size for the two smallest coils.

Modulation Optional

The frequency ranges for the short waves therefore will be about
& follows: 200 to 70 meters, 71 to 36 meters, 36.5 to 19.5 meters,
9.7 to 11 meters. The total is six coils, to cover these bands plus
e broadcast and intermediate frequency bands.
EThe oscillator is provided with a switch so that a-c hum may be
Mtroduced as modulation. When the switch is thrown to connect
Urid return to the cathode there is no hum, when it is thrown to
tnnect grid return to the one side of the heater of the —27 tube
Bed as oscillator, hum is present. Some tests require modulation,
thers are made without it.
i_ The pentode adapter type of test oscillator has an advantage over
lle types previously discussed in this series, in that overall test-
g is entirely practical, no tube being ‘“killed” to permit the
é&cillator to function.- Thus modulated oscillation may be intro-
ticed at the antenna post in lieu of a broadeast signal. Any time
’j‘_)u want any of the frequencies within range of the oscillator you
iin have them, modulated or unmodulated, and know what they
‘re. Moreover, after you have had such a test oscillator for a
hile you will wonder how you ever got along without an oscilla-
ur. In these days particularly, when superheterodyne circuits are

prominent, it is almost impossible to get along well without
1 oscillator, as a super can not be properly built or serviced with-
at an external oscillator.

Uses Skeletonized

Considerable information on how to use the devices described in
e Febfuary 6th issue were containéd in that issue, and as the
splanation was detailed, readers are referred to that copy for
i

m a Set’s Pentode Socket;
of 360 Degree Rotation Type

information additional to what is about to be given here along the
same line of testing.

Briefly, the tests with the present test oscillator (Fig. 1) are:

Test of intermediate frequency: The desired intermediate fre-
quency is known, or in case a set is to be serviced, the intpndcd
intermediate frequency is ascertained, the voltage connector intro-
duced in the pentode socket, pentode restored to position, the set
turned on, set oscillator tube removed, and the output of the test
oscillator connected to plate post of the modulator tube, and test
oscillator frequency established. Modulation is introduced and the
transformers tuned until maximum response results. This may be
determined by ear or with an output meter.

Test of modulator frequencies: Remove connections from the
control grid of modulator and second detector, instead connect the
coil terminal of the modulator to the control grid of the second
and output of test oscillator to the same point. The oscillator tube
is removed from set. Note the dial settings on the set for the
various frequencies generated when the broadcast coil is in the test
oscillator. Plot a curve, dial settings against frequencies. Have
plotting paper handy.

Test for oscillator: Knowing the intermediate frequency, also
the modulator tuning characteristics, you can register six or eight
points on the curve, representing frequencies higher than the modu-
lator frequencies, by the amount of the intermediate frequency.
Thus, if 175 kc is the intermediate frequency, select 550 kc, 650
ke, 750 ke, 850 ke, 950 ke 1,050 ke and 1,300 kc. and register points
175 ke higher in frequency, thus; 725 ke, 825 ke, etc. Then draw
the curve on the same sheet. You will then be able to read
from the curve the dial settings as they should obtain for the the
oscillator for the frequencies covered. Use the test oscillator to
register zero beats and note the frequencies. How much, if any,
the set oscillator is off, and in what direction, will thus be determined.
Instead of the ‘previous test, the modulated oscillator’s output may
he connected to antenna post of set (aerial disconnected), and the
dial settings noted. These will be the set’s oscillator settings. The
frequencies will be higher than these put in by the amount of the
intermediate frequency. That is, the lower positioned curve (higher
frequency) registers what should be obtained, on the basis of sub-
tracting the intermediate frequency from the test oscillator fre-
quencies now generated. These data apply to padding superhetro-
dynes, and the reader is referred to the special article on this very
topic in last week’s issue (February 13th). Details of the pertode
connector for the present test oscillator were given in the February
6th issue.

The test oscillator also may be used for lining up t-r-f sets by
introducing the modulated signal at the antenna post.

Costs Estimated

The previously discussed oscillator may be built for around $5,
while at around $15 the same circuit can be constructed with a
special condenser and a real vernier dial, that is, a dial that can
be read accurately to one part in 1,000. Also, a switching arrange-
ment supplants plug-in coils. (Fig. 2).

The peculiar condenser diagram is supposed to revea! the fact
that the condenser has two rotors and one stator, and that the stator
is grounded, while rotors go to grid. No fear of bady capacity need
be experienced, as the condenser frame and shaft are grounded,
and in that regard putting rotor to grid is just as good as putting
stator.

The condenser is built in two semi-circular facing sections, for
rotation the full 360 degrees, thus requiring a special dial, but Na-
tional Company makes its true vernier dial with 360-degree scale.
The rotor sections are dissimilar, the smaller being somewhat
crescent shaped, and accounting for 26 to 100 mmfd, while the
other is semi-circular except for a bulge at one end of the plates
to provide a minimum capacity equal to maximum capacity of the
smaller. So, half a turn of the shaft affords 26-100 mmfd., while
the other half, 100-375 mfd, The capacity change is progressive. A
switch built into the condenser, requiring no external wire, dis-
connects the unused part, so that the minimum capacity of the used
condenser is not added to that of the unused condenser. The benefit
of this condenser is dial readings are spread out, and that when
short waves are to be tuned in tuning may be readily confined to
the smaller capacity (26-100 mfd.), the larger capacity being
ignored.

The dial readings are always taken at the same point, and if
the numbers are progressive, and not reversed repetitions, the
smgller capacity was read from 0-100 and the larger from +100
to 200.
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A Seven Tube Porta

Sensitivity, Selectivity

By Charles
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FIG. 1

This seven-tube 175 kc superheterodyne is suitable for a portable set where high sensitivity and selectivity com-
bined with lightness of weight are essential.

ADIO fans are beginning to interest themselves in portable sets
and many have asked for suitable circuits. Not only are these
sets desired for easy portability but for home use in places

where there is no electric power available.

The superheterodyne is in almost exclusive demand for this pur-
pose because in former years fans have discovered that it is neces-
sary fo have a highly sensitive set as well as a selective one. Yet the
circuits must be simple. The demand for simplicity in conjunction
with the demand for selectivity and sensitivity is hardly consistent
but the superheterodyne comes nearer meeting the demands than
any other set. After all, now that standard parts are available for
superheterodynes it is no more difficult to assemble a good set of
this type than a t-r-f set of comparable performance. Indeed, there
is really no comparison as to performance.

Portability Essentials

The main essential for portability is lightness of weight. There-
fore we must eliminate all parts which add considerably to the
poundage. The first thing we can dispense with is the audio fre-
quency transformers. Resistance coupling is the logical thing to use.
But this alone does not save a great deal when we consider the
entire receiver. The main part of the weight lies in the power
supply. We must reduce the weight of the filament and plate bat-
teries as much as possible. This imposes the necessity of using
small, low current tubes in the receiver.

The tubes most suitable for = portable set, or for a home set
where battery economy is imperative, are the 2-volt tubes. In this
series we have the 232 screen grid tube, the 230 three element tube,
the 231 three element power tube, and the 233 pentode power tube.
Of these the 231 is ruled out because the pentode has a greater
power sensitivity as well as greater undistorted power output. It
has the additional advantage that it requires less grid bias so that
a smaller grid battery can be used.

The circuit in Fig. 1 can be followed in wiring up a receiver of
this kind. It employs the 232 screen grid tube as radio frequency
amplifier, modulator or mixer, intermediate frequency amplifier,
and detector. The 230 tube is used for oscillator and first audio
frequency amplifier. The 233 pentode is used-in the power stage.
Thus there are seven tubes in all.

Filament Supply

Each of these tubes, with the exception of the pentode, takes a
filament current of 0.06 ampere. Therefore the six tubes take 0.36
ampere. The power tube alone requires 0.26 ampere, so that the
total current required by the circuit is 0.62 ampere. Now the total
current that should be taken from a No. 6 dry cell is 0.25 ampere,
although a somewhat larger current can be drawn if frequent re-
placement is- preferable. to carrying extra batteries around. If we
connect two cells in parallel each would have to supply 0.31 ampere,
which is not greatly in excess of the rated maximum for the cells,
’The voltage across the filaments should be 2 volts, but one cell
gives only 1.5 volts. Hence it is necessary to use two cells in series,

giving an excess of one volt. This is taken up in a ballast resistance
and this drop is utilized for bias as far as it goes. The filament
supply battery, therefore, should consist of four No. 6 dry cells
connected in series-parallel. This is for portable use. For home
use it is well to add at least two more in parallel. That is, the
least number should be three in parallel and two of such groups in
series.

An alternative for this combination of cells is to use a smal’
storage battery. This may be either 2 volts, that is, one cell, or
4 volts, or two cells. In case a two volt cell is used the ballast
resistance R9 should be omitted and the grid returns of the first
four tubes should be made to minus 1.5 volts on the grid battery.
In case a 4 volt battery is used the resistance of RO should be
doubled. The value of this resistance is given later. Incidentally,
it is not practical to use a storage battery in a portable set because
of the danger of spilling acid. However, if it is desired to use the
circuit in a car, the filament current might be taken from the car
battery. This does not mean that the set is recommended for use
as an automobile ‘receiver, but rather as a portable receiver to be
connected temporarily to the car battery when the car is not in

actual operation. )
The Control of Volume

There are two means for varying the volume in the circuit: The
first is a 10,000 ohm potentiometer P across the primary of the
input coil. The slider of this potentiometér is connected to ground
so that when volume is to be reduced the slider is moved toward
the antenna. This control may not be quite sufficient. For that
reason a rheostat Rh is put in the negative filament supply line.
The value of the resistance of this rheostat need not be more than
six ohms.

_ The rheostat should be employed as far as possible when the set
1s a portable one because the filament battery ‘will last longer the
more resistance is used. Of course, as more resistance is used the
maximum undistorted output will become less, so the amount of
resistance is determined by the quality obtained as well as by the
volume,

It has been found in many instances that the 10,000 ohm poten-
tiometer contrgls volume better when the slider is connected to
the antenna and the low side of the primary is connected to ground.
Which of the two connections works better depends on the type of
antenna, as well as on the type of ground that is used. It only takes
4 moment to try hoth methods in any case. i

The Antenna

with the other two when all are on the same control. In view of
the high sensitivity of this type it is not necessary to use a loop
because an adequate antenna can always be found. In a set of this
type stations 1,000 miles away were brought in on a six foot wire
placed on the ground but insulated therefrom, the set being about
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le Superheterodyne;

1. Endicott

LIST OF PARTS
Coils )
T1, T2—Two radio frequency transformers as described
T3—One oscillator coil as described _
T4, T5—Two 175 kc intermediate frequency transformers as
described

Condensers .
Cl, C2, C3—One gang of three 350 mmfd. tuning condensers
C4—One 700-1,000 mmfd. adjustable padding condenser
C5, C7T—Two 250 mmfd. grid condensers
C6—One fixed 0.001 mfd. condenser
C8, C9—Two 0.01 mfd. fixed condensers
C10—One 350 mmfd. by-pass condenser
C11, C13—Two one microfarad by-pass condensers
C12—One 0.1 mfd. by-pass condenser

Resistors !
P—One 10,000 ohm volume control potentiometer
Rh—One 6 ochm rheostat :
R1—One 1 megohm grid leak
R2—One 10,000 ohm resistor
R3—Omne 100,000 ohm resistor
R4, R6, R8—Three 2 megohm grid leaks
R5, R7—Two 250,000 ohm resistors
R9—One 1 ochm ballast resistor

Other Requirements
Six UX sockets
One UY socket
One filament switch (Sw)
One vernier dial for tuning condensers (pilot light omitted for
current economy)
One magnetic or inductor speaker
Two 7.5 volt grid batteries
Three 45 volt B batteries, small size for portable receiver
Four No. 6 dry cells
Four grid clips
Eight binding posts

3 feet above the ground. A better arrangement is to use a wire
of this length on the ground as a counterpoise and another of equal
or greater length for antenna raised as far above the set as prac-
ticable. In case a car is handy the car chassis makes a good coun-
terpoise. In this case the antenna wire should preferably be outside
the car although a wire or ribbon antenna attached to the dome or
ceiling will give fairly good results.

Intermediate Amplifier

Due to the availability of 175 kc intermediate transformers and
oscillator coils for this frequency, it seems best to use this frequency
in the intermediate frequency amplifier. Two of such transformers,
T4 and T5, are needed. These are of the doubly tuned type, as will
be noted on thé drawing.

The 175 kc, intermediate requires a special oscillator coil T3, one
having a tuned circuit inductance of about 0.8 the inductance of the
r-f tuned circuits. If the coil is wound on a one .inch diameter
with No. 32 enameled wire, it requires 102 turns for the tuned
winding. The tickler winding should consist of 25 turns wound
over the “ground” end of the tuned winding and separated from
it by several turns of fabric or insulator paper to a thickness of
about 1/32 inch. No. 40 double silk covered wire is suitable. The
pick-up winding should be wound on top of the tickler and it
should consist of 10 turns of the same wire as is used for ‘the
tickler. This coil assumes that the variable condenser C3 has a
maximuin capacity of 350 mmfd. In-case it is not desired to wind
the coil it may be obtained ready made mounted in a metal shield.

Padding the Oscillator

It should be observed that the series condenser C4 in the oscil-
lator is not connected in the usual fashion but in series with the
ground lead of the tuned winding. The coils, therefore, are not
actually grounded. This connection has been made so that one
side of the condenser C4 may be grounded fo facilitate adjustment.
Of course, the adjusting screw side of the condenser should be con-
nected to ground while the other should go to the coil.. With this
connection there is no body capacity effect while adjusting the
condenser.,

The value of C4 is approximately 760 mmifd. but it is not ‘quite the

end Lightness Featured

same for all circuits. Hence it is advisable to use an adjustable con~
denser having a range from 700 to 1,000 mmifd. This condenser is
available and has been especrally made for the purpose. L

The padding, or adjustment, of the oscillator to track with the
r-f tuners is a simple procedure if the right coils and condensers
are used. The first step is to tune the intermediate frequency am-
plifier to 175 kc. This is best done with the aid of a calibrated
oscillator covering this range. In case no such oscillator is available
the tuning may be done anyway, although the frequency obtained
may not be exactly 175 kc. Tune in a station near the high fre-
quency end of the broadcast scale. A strong station must be used
in most instances. First open the gang condenser as far as it will
go. Try to pick up a station by adjusting the trimmers across all
the condensers Cl, C2, and C3. When the signal is as strong as
it can be made the intermediate frequency generated is equal to the
mean frequency of the four intermediate frequency circuits, and this
mean is not far from 175 kc. Now tune each of the four i-f circuits
until the signal is loudest. This done, the intermediate circuits are
in tune with some frequency not far different from 175 kc.

Adjusting the Trimmers

When the intermediates have been tuned in this manner, reset
the trimmer condensers so that a selected station near the high
frequency end comes in where it is desired. For example, if a 1,500
ke station is available  the tuning control can be set at 5 on the dial
and then all the trimmers, including that of the oscillator, should
be readjusted until this station comes in loudest.

Now we are ready to adjust the series condenser, C4. Set the
tuning control on a high wave statio