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POWER TRANSFORMER,
$6.00

The WORLD’S GREATEST All-Wave SCREEN GRID SUPER

JLTRADYDE:

(This is the set that is described in this issue)

ULTRADYNE BOOKLET MODEL L-32

Send 25¢ for this booklet which
tells how to construct and operate
the Ultradyne Model L-32 Receiver.
This booklet also contains life-size
picture diagrams and layouts of the
entire set; also life-size wiring dia-
gram of the entire circuit showing
every wire location and connection.

HE 245 pow-
I er trans-
former is for
use with a
rectifier tube, to
deliver 300 volts
DC or 100 milli-
amperes, from
110 v., 50 - 60
cycles. The pri-
mary is tapped
at 8214 volts in
case a voltage
regulator [{Clar-
ostat or Ampe-
rite) is used. The Cat. 245-PT
black primary lead is common. If no voltage
regulator is used the other primary lead is
the green one. If regulator is used, the red
and black form the circuit. The winding
for heater type tubes stands 16 amperes.
Shipping weight, 12 1bs, Overall size: 57
extreme width x 414" high. Polished aluminum
shielded case. Order Cat. 245-PT @...... $6.00

245 B SUPPLY CHOKE, $3.00

100 ma choke coll for
B flltration in 245 ecir-
cuits; 200 ohms DC re-
sistance, inductance 30
henrys. A continuous
winding tapped In two
places, giving three sec-
tions and four out leads,
and permitting a ““choke
input” to fillter. By this
method rectifier tube life
and filter condenser life
are lengthened yet filtra-
tllnr:iis splendid. The black

ead 2oes to the rectifier

Cat. 245-CH filament eenter, the red,
green and yellow leads are next in order. Capacities
suggested. black, none; red, 1 mfd.; green, 8 mfd.;
yellow, 8 mfd. In shielded, polished aluminum case.
Stipping weight, 4 Ibs. Order Cat. 245-CH @ $3.00

ULTRADYNE KIT

The kit contains 3 specially tested
and matched Ultratormers with
d{)uble compelnslatmg condenselrs in
aluminum sealed cans, 1 special steel E, DISTANCE
chassis drilled and pierced as per for TON X
specifications, all ready for mount- and SELECTXVXTY
ing, three rubber grommets and 4 The model L-32 Ultradyne, with the Dyna-

gr[’lllogognotg‘ﬁ plllars and INSTRUC- tron oscillator, works equally as well on
List Price 5 $325 0 short waves as it does on the broadcast band.

An Ultradyne receiver operating in New

Yo(;-kbCity, easi{)}\fntwescout WOR, Nlewark,
" ] : an rings in LW, Cincinnati, without a
ggrﬁr:f:tsel;"ts'?i'eylugﬁnmrhﬁégéh;:t"e trace of interference. Likewise, WMAQ, Chi-
c",‘;fg:er;‘“ Wavelengths from 15 to 600  cago, is brought in without interference from
Tunes 85 easily and smoothly on the short ~WEAF, New York; KGO, Oakland; KSL,
wave as it does on the broadcast band Salt Lake Cty; KFI, Los Angeles; KOA,

10 K, C. Seiectivity Over Entire Band 3 o o
Seiectivity and Sensitivity so great, dis- Denver; XEN, Mexico City, to mention a

SaanceTangoRl Sunl imited few, have been }ogged r<=iguv1ar1y.d Short wave POLO ENGINEERING
Push Pull Amplification stations from all over the world have been

A o or D tontin copied on the Ultradyne Receiver. LABORATORIES

Steel Chassis The Super-sensitive Plio Dynatron system 125 WEST 45TH STREET

Simplified Construction

New York, N. Y.
Our Entire Line on Exhibition at Our Office

of radio reception responds to weaker signals
than the conventional method having far
Mr. H. W. Duley of Brooklyn, greater selectivity and providing tuning ease
g'-n Y., O”’P'"?M"e logged 74 sta-  that is unmatched. Ultradyne performance is
grsRepoEREERE the envy of the radio industry.

TRAUL RADIO CO., 1073 Atlantic Ave., Brooklyn, N. Y. -
Ansonia

REPLACEMENT CONDENSER BLOCKS
~ CICO CELL~ A. K. 37 (Chokes & Condensers)............. $3.75 SPE AK

PRACTICAL PROTO-SENSITIVE CELL OF MERIT Majestic Masterd MBP ki dlas b isaas oot i s grd $2.25

SMALL ~ UNBREAKABLE ~ POSITIVE

PERATE
AW THARISICRERATED REPLACEMENT POWER TRANSFORMERS $3 67
SUITABLE FOR COUNTING, SORTING, R C. A 17, 18,33, Sl................ccovvunn. $3.75 ®

=== TRAFFIC CONTROL,ALARMS &ETC. Oy R = T A e R 1 $3.90
PRICE $5.50 ~ POSTPAID ‘ Zenlth all models 52 up to 77.... .. .. . . $6.50
;i CLARK INSTRUMENT CO. Wiite for price list of replacement parts.
PATENTS PENDING 119 N. 4 ™ ST., CAMDEN, N.J. BRONX WHOLESALE RADIO CO.
7 W. Tremont Ave. New York, N. Y.

|
816 3 r1._TeLescope | || AMER-TRAN AUDIOS

Five Sections, Brassbound, Powerful Lenses, 10-Mile
range, Special Eye-Plece for looking at the sun, in-
ciuded FREE. Can be used as _a Microscope, Guar-
anteed. Blg value. Postpald $1.75. C.0.D. 1l5c extra.

BENNER & CO., T-67, TRENTON, N. J.

First stage, de luza
{1llustrated), primar,
in detector circuit, has
200 henrys inductarce
at 1 ma; turns ratio,
1-to-3. Cat. DL-1, list
price, $8.00 net $4.70.

Push-pull fnput
transformer. turmn s
ratio, 1-t0-2%;: single

primacy; two teparate Magnetic speaker in genuine, beau-
Gan st s ories, tiful walnut cabinet. Order Cat.

[Bemit with order AN at $3.67.

and we pay transporta-

tton. ] Guaranty Radio Goods Co.

GUARANTY RADIO GOODS CO. |. 14 .
sl A e Tk, e ¥, 3 West 45th St.,, New York, N. Y.

lo > "&f 2
N

The complete battery-
operated  recelver, six
tubes (two 232, three
230, one 231). Al} parts
(less tubes, less front

1
B oen e $23.91

Note: All mode]s use
same front panel. Sup-
plied in bakelite, 7 x 12
inches, drilled for REIL
ial, volume control and
switch, to coincide with
chassis. Qrder Cat. DFP-

Black, =
Wainut @... $1.62

Battery-operated tuner,
using two 232 RF and |
one 231 tube (new 2-volt
type), affording  same
sensitivity and selectlvlty
ag  elther model AC
tuner. Just the thing for
thoge whose homes have
no electricity. Supplied
with cable connector plug
for extreme convenlence
in connecting batteries.
All parts (less tubes, less
tront panel) order

Gi DBrug16,94

Complete AC receiver,
with the same tuner as
the others, but with
three- stage audio. with
245 output. All parts m
on a 12 wide x 9%
tront-to-back chassis,
with elevating flap 3"
high. Filtration perfect
(24 mfd. used). Requires
two 224. three 227, one
245, one 280. All parts
(less tubes, 1less front

1} di
&L back @ $31.09

AC tuner. with B sup-
ply built in, using 227
as rectifier; two 224 RF
tubes. 227 detector. Same
circuit as DHST. except
that special rectifier cir-
cult iz added, 8o that
tuner may be worked
with audio power am-
plifier that provides no
external voltage. All parts
(less tubes, less front

1) d
& by @ $21.82

3-tube AC tuner, less B
supply, complete parts as
apecified by Herman Ber-
nard. Pre-gelector tuning.
space-wound shielded
eolls, aluminum chassis
driiled for socket holes.
High sensitivity. No
cross-modulation. Ade-
quate selectivity. All
parts (less tubes, less
front panel) order

G  DHETG)7.28

(Just East of Broadway)

GUARANTY RADIO GOODS COMPANY, 143 WEST 45th STREET, NEW YORK, N. Y.

Drum Dial Models $2.72 extra.
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A Converter With B Supply

By Herman Bernard

a
XA[ RIAL 2 0045 MFPD r "if,;-i,l
. e - lk @ 70 SET ANT PUST
Pige | T N '] T b swie
The DX-4 all-wave ™ N MED } 8! AN LD
converter, with 9 i =
built-in B supply. < S e
The recﬁger is a
227, used in a €
special circuit in- j j ) J
vented by J. E L ) ) e
Anderson and the $ € ﬂ
author. The DC 7 g/w
voltage is about - d 227
equal to the AC 224 i
root medn square < Y
input. Four coils Javere
are used to cover ,
from 10 to 600 G| MFO “'
meters. J ) p “ {00 ) J l 34 y
) ——= Fuse
D 1‘% ] ] THEEE
. 21 MFO

1

ITHOUT using anything more than a filament transformer

for power for the tubes, an all-wave converter may be con-

structed that has its own heater and B supply. The diagram,
shown in Fig. 1, reveals how this is done in the Model DX-4 All-
Wave Converter.

The converter circuit is substantially that of the No. 1-A Unit,
previously described in these pages, here consisting, however, of one
stage of untuned radio frequency amplification, oscillator and modu-
lator, all three screen grid tubes. To the triple screen grid tube
requirement is added a 227 tube, used as rectifier.

By joining the grid and’ plate elements of the 227 at the socket
springs of the converter, connecting the united elements to one side
of the AC line, and making the other side of the AC line the nega-
tive of the converter circuit, the cathode becomes the positive of the
B supply. Direct current will flow through the circuit composed
of the cathode to grid-plate path inside the tube, completed through
the primary of the filament transformer and the tube plate circuits.

Resistor for Screen Circuits

Since it is necessary to provide only one other positive B voltage
than the maximum, and this other is for the screens of the three
tubes, a pigtail resistor of 20,000 ohms (.02 meg.) may be used, in
a resistance-capacity filter circuit. The current is so small to all
three screen circuits that a resistor of the grid leak type will suf-
fice, even if only of one-half watt rating. Therefore, no voltage
divider is required. If one were used, it would have to be of high
resistance, say, 100,000 ohms or more, so that the bleeder current
through it would be small. No current for the tubes would flow
through this divider, so since a large value would be necessary to
avoid putting an unnecessary drain on the rectifier, this resistor may
as well be omitted.

The plate-screen current drawn by the three tubes is about 15

(Continued on next page)

LIST OF PARTS

Coils

One 14 millihenry radio frequency choke coil.

One 50 millihenry shielded radio frequency choke coil.

One filament transformer for series heaters.

One set of precision de luxe plug-in coils (four to a set).
Condensers

Three .0015 mfd. mica fixed condensers.

One .00025 mfd. fixed condenser with clips. )

One Hammarlund Junior midline .0002 mfd. tuning condenser.

One block consisting of three 0.1 mfd. condensers.

Two 8 mfd. electrolytic condensers with brackets.
Resistors

One 0.1 meg. (100,000 ohm) resistor.

One 0.5 meg. (500,000 ohm) resistor.

Two .02 meg. ( 20,000 ohm) resistors.

One 100 ochm flexible biasing resistor.

One 3 ohm, 2 ampere resistor.
Other Parts

One front panel 7x10 inches.

One National modernistic dial. One AC toggle switch.

One subpanel, with five UY sockets.

One 1 ampere fuse with holder.

One AC cable lead with male plug.

Two milled brass brushings for mounting grid condenser and

mounting the three 0.1 mfd.

One 3-inch bias right angle for mounting three 0.1 mfd.

Two binding posts (for antenna input and for output)

One roll of Slide-Back hoockup wire.

Three screen grid clips

Two feet of shielded wire for connection to grid clips (solder

shield to B minus) '

One dozen 6/32 machine screws and one dozen 6/32 nuts.
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AC Line Voltage Introduced Directly to

March 14, 1931

i (Continued from preceding page)
mnlhampere§, which is well within the limits of the rectifier.
cnly objection to drawing much more current, within reasonable

The

limits, would be the increase in the hum component. However, by
keeping the drain low, and by using a high filter capacity, in this
instance 16 mfd. composed of two electrolytic condensers of 8 mifd.
both connected in parallel, hum is very small, even though no B sup-
ply choke coil is used. However, any who desire to incorporate a
B supply choke coil may use one between cathode of the 227 rec-
tifier’ and tubeiplate loads, one 1 mfd. capacity being used next to
the rectifier, that is, from cathode to B minus, and another 1 mfd. or
higher capacity from the other end of the choke to B minus.

Full Safety

The circuit is alive to direct and alternating currents, of the order
of 110 volts, therefore it is advisable to use a series condenser in
the aerial circuit, which stops the continuity of the direct curreat
and, due to the relatively small capacity, acts in substantially the
same manner in respect to the alternating currents. Then if a
ground lead is accidentally touched to aerial, or other such circum-
stance arises, there will be no short circuit.

Only two connections are necessary to work this converter with
any broadcast receiver. One is 1o remove acrial from the receiver
and connect it instead to the aerial post of the converter. The other
is to connect the output post of the converter by a wire to the vacated
antenna post of the receiver.

It is not necessary to use a ground connection on the converter.
One is on the receiver already, and is not molested. The filament
transformer itself is grounded capacitatively, due to the distributed
capacity between the windings of the primary and the secondary,
and this suffices for the converter:

However, one side of an AC line usually is grounded, and as a
result the connection of the plug to the convenience outlet becomes
important, for somewhat the same reason that it is important in sets
worked directly from 110 volts of direct current. The “high” side
of the line, if connected to what is used as the ground side of the
converter, will result in a little hum, therefore simply reverse the
connection of the plug in the convenience outlet. There is no danger
whatever of a short-circuit even if the plug is connected to the out-
let in the -wrong manner.

Makeshift Methods of Getting B Voltage

Converters that do not have their own B supply always make
possible the failure to obtain satisfactory results, due to absence of
adequate B, voltage. Fine results are obtained from converters that
do not have their own B supply, but it is necessary to know just how
to obtain the voltage from the receiver. In many instances, especial-
1y those relating to factory-made sets where voltage sources are
not accessible, the B voltage problem becomes serious.

One 'way of reacing a solution is to run a lead from the converter
intended for B plus 50 volts or mnre, and connect directly to such

The coil socket is
at center rear of
the subpanel
while underneath
are the two 8
mfd. condensers,
their brackets
affixed to the two
screws on either
side of the fila-
ment trans

former. Note the
symmetrical and
attractive ap-
pearance of the
top layout.

voltage. This is easy in battery receivers, since 135 volts may be
used, or even 180 volts. With other sets it is not always so easy,
since a diagram of the set is often required, as well as familiarity
with the physical means of reaching the desired point in the receiver
for obtaining this voltage. Hence many queries develop, and as the
diagrams of some of the circuits are not available, and moreover,
even if available, knowledge of the practical layout may not be at
hand, confusion sometimes results. Hence such means are resorted
to in an attempt to solve the problem as the following:

the far end, a screen grid tube is removed from a radio fre-

quency socket of the receiver, the loop is slipped over the
screen grid (G) prong of the tube, and the tube is put back in the
set. Thus the screen voltage of the set will become also the positive
B voltage for the converter. Objections to this method, from the
viewpoints of both non-universality and incorrect voltages are that
not all users possess screen grid receivers, and even those who do
possess such sets may be confronted with altogether too low a volt-
age. The screen voltage in the set may be reduced from the plate
voltage value by a series resistor, so the B current to the converter
(actually both the plate and screen currents) must flow through
this' resistor, reducing the set’s screen voltage, as well as the con-
verter’'s B-voltage. Then the set will not be as sensitive, due to
lowered screen voltage, while the plate voltage to the converter
may not be sufficient to produce oscillation where needed, and be:
sides, the screens in the converter will get less than half as much
voltage as will the plates, so the under-voltage conditions would
be prevalent throughout, either defeating performance entirely, or
vitiating it badly.

VYoltage From Set's Power Tube

1 —The B plus lead from the converter is bared and looped at

in the converter by using a wafter adapter that consists of

two circular pieces of bakelite, a little larger in diameter than
the base of a tube, with eyelets in the filament holes, blank holes
being punched for grid and plate, as these connections are not used.
If a center-tapped resistor, say, of 100 ohms value, is placed across
the filament, by connection of resistor’s extremes to the two eyelets,
then the center tap of the resistor may be used for positive B of the
converter. The reason is that the filament of the power tube is
positive in respect to ground by the amount of bias supplied to the
tube. Usually there is a biasing resistor for this purpose, or, if not,
the voltage divider itself has a tap to which center of the filament
is connected in the set. The B voltage obtainable is equal to the
bias voltage, but is opposite in utilized polarity. So, if your set has a
245 power tube there will be about 50 volts available, while if the
power tube is a 171 or 171A there will be 40 volts, for the 210 only 27
volts, whereas with tubes like the 120 and 231, only 2214 wolts,
112, 112A, 9 volts, and general purpose tubes, still used sometimes
in the output circuit, 6 volts or so. Fair operation would obtain

2 —The B voltage may be obtained from a power tube for use
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Uses Simple

227 Tube and 16 Mfd. Capacity Used

from about 50 volts, but to get any real results, the ouput tube
would have to be a 250, as the bias voltage is 84 voits. Therefore
the non-universality is obvious. How many sets today use the 250
power tube? Another consideration is that the B current to the
converter would flow through the plate circuit of the power tube.
At 15 milliamperes this would not constitute much of a strain on the
250 tube, but imagine the condition in the case of a 210 tube, when
the 16 milliamperes plate current is augmented by 15 milliamperes
to the converter, and equivalent or worse conditions for other power
tubes, excepting the 245, where the condition is barely passable, and
the 250, where it is satisfactory.

Only Universal Solution

Therefore all three ways—the direct method of obtaining the B
voltage for the converter, the screen grid voltage method and the
power tube filament method-—do not constitute a universal solution,
nor does anything save the inclusion of a B supply right in the con-
verter.

It would be easy enough to include a regular B supply, with a big
power transformer, filter chokes, condensers, voltage divider and the
like, but in that instance the B supply likely would cost as mu.ch as
the converter. Therefore a means was sought to provide satisfac-
factory and inexpensive B voltage. The same thought had occurred
to many, no doubt, but no circuit ever was presented that solved
the problem as inexpensively and adequately. )

Since the line is alternating current, the input to the rectifier
might be taken from the line. The voltage resulting then would
depend on the current drain and the filter capacity used, particu-
larly the capacity next to the rectifier. Study of this problem, and
the present necessity of solving it for converter purposes, resulted
in the invention by J. E. Anderson and the author of the special
rectifier included in the design in Fig. 1. )

It so happens a filament transformer is used at a higher voltage
secondary than ordinarily, simply for connection of heaters in series,
but this is only a side issue, and the system of rectification has no
relationship whatever to whether series or parallel connection is
used in the heater circuits. Since the heaters are electrically inde-
pendent of the radio circuit, the same secondary that supplies
the radio frequency amplifier, modulator and oscillator may be used

to heat the 227 rectifier.
DC Voltage About Same As AC

The DC voltage resulting from the use of this rectifier system,
with 16 mfd. capacity, is practically the same as the AC input.
Under load the DC voltage measured 109 volts when the AC line
was 112 volts root mean square,

On the radio frequency side, the antel}n_a-ground load selected
was a resistor, the value of which is not critical, but may be 100,000
ohms (0.1 meg), since the input is then stronger than if a choke
were used. However, in the plate circuit of this tube an RF choke

Rectifier

of one-quarter millihenry inductance was selected, because it pre-
sented an adequate load for short-wave reception, even though it
did reduce somewhat the volume in reception of broadcast waves
through the converter. However, the small RF choke had the hap-
py faculty of preventing the radio frequency tube from oscillating.
This oscillation, normally not present in an untuned circuit like that
of the first stage, evidently was due to coupling through the pri-
mary of the filament transformer.

Skipping to the output stage for the moment, the coil in the
modulator plate circuit has an inductance of 50 mlh, and is of the
shielded type, again for the reason of avoiding oscillation where it
is not wanted.

The receiver itself, if sensitive at the high frequency end, is
usually worked there for intermediate frequency, preferably at some
setting above the broadcast band’s frequency limit, say, 1,600 kc, be-
cause interference due to direct pickup of broadcasts will be
suffered. In fact, coils are designed as to wavelength coverage
with some such frequency in mind. If the set is worked at the
other extreme, the lowest frequency it will tune in, say, 545 k¢, then
only the higher broadcast frequencies can be tuned in on the larg-
est coil, due to lowering of the intermediate frequency increasing
the frequency of response in converter tuning.

Small Coil is O. K.

Assuming, then, use of a high intermediate frequency, if high-
inductance coils were used throughout the converter, in antenna,
plate and grid circuits or RF and modulator tubes, the natural period
of the converter’s tubes (omitting the oscillator) might be so close
to the intermediate frequency that the situation would resemble the
adding of two stages of tuned radio frequency amplification to a
receiver, which would make both the receiver and the converter
oscillate at the intermediate frequency.

The diversity of choice of resistors and coils and values of
coils therefore was dictated by this consideration of oscillation. No
hesitancy need be felt about using the tiny RF choke coil, for in
short-wave reception it approaches the ideal, while for reception of
broadcast stations through the converter, it reduces the volume from
what it would be with resistors throughout, or large inductance
choke coils throughout, but increases the apparent sclectivity, due to
looser effective coupling.

These remarks, therefore, explain why some converters actually
act as substantial boosters to broadcast receivers, while others seem
to act as slight dampers. The coupling devices in the converter ac-
count for this, as a small choke in the line somewhere will keep
the natural period of response high in frequency.

Another factor in favor of a small choke, where a choke is used
other than in the output, is that response is maintained all over the
dial of the converter, without dead spots which might result from
the large distributed capacity of high inductance chokes serving
as a bypass to higher radio frequencies, and thus preventing the re-
ception of some of the most interesting and most distant programs.
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James Summers, 212 North 8th St., Ponca City,

Mass.

Crawford St., Houston, Tex.
Chase, 57 Roberts St., Attleboro, Mass.
18614 Prince Edward St., E

N. B., Can. .
. Perez, 112 ﬂydc St., San Antonio, Tex.
;oseph O. Hall, 232 Eugenia St., New Bedford,

A. Stair, 209 Smith St,, Akron, Ohio.

Halsey A. Gallup, 23 Grove St., Norwich, Conn.
Y.

A THOUGHT FOR THE WEEK

is the 1inventor of “Mechanical
Mike,” the giant robot that has been
somewhat of a sensation at radio

shows and the body of which contains more

than ten miles of wire. He also ts the con-

ductor of the Toronto Symphony Orchestra,

Okla. ‘Arthur Haines, 290 Wakelee Ave., Ansonia, L L i -
Anthony Conti, 19 Fairfield St., Newtonville, Conn. . i 'w/u.ch is on the air each week. His name—
: Duncan Jenkins, 31 Ontario Ave, Hamilton,  pelieve it or not, vet incredulous ones!—is

l‘i?csl;;vard G. Barnes, Custom Built Radios, R. 4,
Box 24, Buckhannon, W. Va.

G. H. Bennett 902 W. 10th St., Austin, Tex.

Carl F. Lindeman, 245 XKitchen Ave., Detroit,
Mich.

i)r. A. Ripperger, 1185 Park Ave., New York,

Ont. Can,
W R Darby, 111 E. Dudley Ave, Westfield,

T .
C. B. White, Metakloth, Inc,, Lodi, N. J.

A. Scott Aimers, Jr., 1107 E. Second St,
Brooklyn, N. Y

wwWw americanradiohistorvy com

Amenhotep Khun-Aten Astyanax Erysipto-
lemas Luigi Paul Maria von Kunits, Edlar
(Baron) won Varasdin. His parents call
him “Paulie,” so let the busy world wag on.
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Fig. 1
A simple short-wave converter for battery tubes. The modu-
lator is a screen grid tube and the coupling between the
modulator and the oscillator is through the screen circuit.

tive? What makes it selective or not selective? What

determines its tuning range? These are some of the
questions that arise in connection with the selection of a short-
wave converter for a particular receiver or that arise after the
converter has been connected to a receiver. o |

The most important feature makihg for selectivity is the
selectivity of the broadcast receiver with which the converter
is used, for the converter is only slightly more selective than
the receiver, and it is only slightly more selective if there is a
tuner in the converter which tunes to the short-wave signal,
not counting the oscillator tuner, for this has no effect on the
selectivity. Hence if a short-wave converter is to be selective
it is imperative that the receiver with which it is used is selec-
tive.

Sometimes the converter seems non-selective even when it is
used with a receiver that is considered superselective because
the receiver is tuned to a frequency at which it is not selective.
For example, the receiver may be very selective at all fre-
quencies except those near the 1,500 kc limit. Therefore when
1,500 kc, or a frequencv near this, is used for 1ntermediate fre-
quency the converter is not selective. Such a receiver should
be tuned to gnother frequency, say 550 ke, for then the con-
verter would be more selective.

‘N 7HAT makes a short-wave converter sensitive or insensi-

Condition for Sensitivity

The condition for high sensitivity is about the same as that
for high selectivity, for the converter is no more sensitive than
the receiver, for nearly all the amplification occurs in the re-
ceiver. As a matter of fact, there is a loss in the converter due
to the frequency conversion, just as there is a loss in any
superheterodyne due to the same cause. ) )

If the broadcast receiver with which the converter is used is
not equally sensitive throughout its tuning range, and the cir-
cuit is set where the sensitivity is low, the converter will be
insensitive. Therefore the broadcast receiver should be tuned
to the frequency at which it is most sensitive.

If these two conditions, that is, the condition fpr'greatest
sensitivity and greatest selectivity are inconsistent, it is neces-
sary to compromise between sensitivity and selectivity. For-
tunately, most broadcast receivers are such that where the
selectivity is greatest the sensitivity is also greatest, because
lack of selectivity and sensitivity are usually due to lack of
adequate tuning so that when the tuned circuits are all lined
up to the same frequency both the selectivity and the sensitivity
are at their maximum. .

It cannot he emphasized too strongly that the selectivity and
the sensitivity of the converter are primarily the same as the
corresponding characteristics .of the broadcast receiver con-
verted to a short-wave set.

Bringing in the Short Waves

But it by no means follows that any converter is just as good
as any other on the same broadcast receiver when this is tuned
to the same frequency. It is easv to throw away the feeble
short-wave signals, and it is not impossible to strengthen them
or to conserve them. In the design of a short-wave converter
it is necessary to consider many points, such as proper coupling

between the antenna and the radio frequency amplifier or
modulator, proper coupling between the oscillator and the modu-
lator, most efficient detection in the modulator, and efficient
coupling between the modulator and the broadcast receiver.
It has been found that one of the weakest links is the coupling
between the converter and the broadcast receiver because there
are so many input devices in different receivers.

Aside from sensitivity, the one necessary condition for suc-
cess is that the oscillator oscillate. If it does, some signals are
sure to be brought in no matter how unfavorable are all the other
conditions. And if the oscillator does not oscillate, nothing can
be done to the converter or the broadcast receiver that will
bring in short-wave signals, except something that will bring
about oscillation. The oscillator is the heart of the circuit and
if that stops, the set is dead. It may bring in broadcast sta-
tions, but this is in spite of the converter, not because of it.
The first rule in getting short-wave signals with a converter
is to make it oscillate.

Effective Input Coupling

It is important to gef an effective coupler between the antenna
and the converter’s first tube. Uniformly effective is a high
resistance such as Rl in Fig. 1. It does not really make much
difference what the size of this resistance is for values between
10,000 and 1,000,000 ohims seem to give about the same results.
Theoretically, the higher the resistance the higher the sensi-
tivity, but practically there is little difference when the resis-
tance is over 10,000 ohms. However, it depends somewhat on
the length of the antenna, but we are speaking of average
broadcast antennas.

There is a disadvantage in the uniform effectiveness of the
high resistance coupler and that is the fact there is no f{fre-
quency discrimination. If there were it would not be uniformly
effective. The resistance is just as effective at audio frequencies
as it is at the highest radio frequencies. Indeed, it may be more
effective at the lower frequencies. Hence the resistance coupler
will bring in more noise than one containing reactance. We
could substitute a choke coil for the resistance R1. But if we
do that we have to make it large to be effective on the low
frequencies in the neighborhood of 1,500 kc. And if we make
it large it may not be a choke at all at the higher frequencies,
but a by-pass condenser. If we make the coil small so that it is
effective at the higher frequencies it may not be at all effective
around 1,500 kc. Hence we have to compromise. If we make
the choke one millihenry it will have nearly 10,000 ohms at 1,500
kc and therefore the coupler will be just as effective as if it
were a 10,000 ohm resistance. At 20,000 kc, 15 meters, this
choke will have an impedance of about 126,000 ohms, provided
that the distributed capacity is negligible, and this would make
the coupling more effective at the higher frequency in view of
the fact that the input capacity of the tube alone may be at
least 5 mmifd,, the coupling is likely to be exceedingly small at
20,000 kc.

Input Capacity Effect

It is not to be supposed, however, that the effect of the input
capacity is negligible when a resistance is used. As the resis-
tance Rl is increased the input impedance approaches the im-
pedance of the input capacity and it also approaches that value
as the frequency increases. It would seem that the most effec-
tive coupler would be a tuned circuit. This suffers from the
disadvantage that another control is required, and most people
object to controls these days. Thev would rather add a lot
of tubes in the circuit to avoid a knob on the panel.

Of course, when a tuned circuit is used, a set of plug-in coils
is needed if the converter is to cover the entire short-wave
band. This is another objectionable feature to some fans. But
since the oscillator coils must be switched, it only takes a sec-
ond longer to switch the RF coil also.

Coupling Oscillator to Modulator

One very important thing is correct coupling between the
oscillator and the modulator. There are many ways of coupling
the two but the degree of coupling must be right or the circuit
will not function properly. If the coupling is too close, there
will be overloading of the modulator and a great deal of noise
in the output. If the coupling is too loose, the sensitivity will
not be good for a given broadcast receiver. Close coupling
also produces interference aside from other undesired noises.
There is also danger of the tuned circuits interlocking when
the coupling is close and there is a tuned radio frequency in
addition to that of the oscillator. When there is interlocking
the oscillator usually stops functioning, the radio frequency
circuit acting as a trap. When this occurs the circuit becomes
dead in spots or all over the dial.

Interlocking of the tuned circuits often is caused by stray
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coupling rather than by the intentional coupling through the
pick-up, so in some instances it is necessary to shield the cir-
cuits. If no shielding is done the two tuned systems must be
far apart.

In Fig. 1 there is only one tuned circuit, that of the oscil-
lator, and therefore there is no danger of interlocking. How-
ever, if R1 is replaced by a tuned circuit precautions must be
taken. In this circuit the pick-up coil L2 is connected in the
screen circuit of the modulator tube. It could also be put in
the plate or grid circuits without affecting the net results, pro-
vided that the number of turns on the pick-up coil is adjusted
to suit the position in which it is placed. If the pick-up is
put in the grid circuit not nearly as many turns are needed as
when it is placed in the plate circuit, and when it is placed in
the screen circuit the number of turns required is intermediate.
When the grid circuit of the modulator is tuned it is well not to
put the pick-up coil in that circuit because interlocking may
occur. If the modulator tube is of the cathode type, the pick-up
coil may be put in this circuit.

Efficient Modulation

Modulation is the same as detection, except in the point of
view, and if we make the modulator tube an efficient detector
we achieve our purpose. We may resort to either grid bias
or grid leak detection. It does not make much difference which.

While the grid leak detector is normally more sensitive than
the other it also overloads more quickly. The output of the
grid bias modulator may be considerably larger than that of
the other when the overloading point is reached, and we can
overload either detector with the oscillator. There is really very
little choice between the two detectors. In Fig. 1 grid bias is
shown.

When a screen grid tube is used as modulator it is simply a
question of getting the right combination of gtid, screen, and
plate voltages to get the optimum conditions for detection. Two
of these voltages may be the same as for amplification with
the tube in question and the other may then be varied until
the detection efficiency is optimum. The particular circuit
determines which should be varied. As a rule it is easier to
vary the grid bias.

If the tube is a heater type the screen and grid voltages may
be varied simultaneously by means of a potentiometer P as illus-
trated in Fig. 2. This is a very convenient method. While it is
not necessary to put the potentiometer on the panel it is a good
volume control and if placed there can be used for this purpose.
This method is not available for filament type tubes.

In case the modulator tube is a 227 the potentiometer method
may be used if one end of it is connected to the plate return
instead of to the screen return.

Output Coupler

The coupler between the converter modulator and the broad-
cast receiver is an important part of the circuit, for it may
either make the combination sensitive or relatively insensitive,
and this part is the most troublesome because there are so many
different inputs to broadcast receivers. It has been found that
if the input to the receiver is untuned the results will be very
poor, but if it is tuned, whether there is a primary winding or
not, the results are generally good. If the broadcast receiver
is a superheterodyne, the results are not quite as good as one
would expect with such a sensitive receiver, although generally
satisfactory.

In Fig. 2 the output circuit of the modulator is tuned, and
this coupling is more effective when the input to the receiver
is untuned, except when the stopping condenser Cl0 is made
very small, when the converter works well into a receiver hav-
ing a tuned impedance input. The reasons are obvious when
one considers that there are two tuned circuits, the two acting
like a band pass filter. When the converter output is like that
in Fig 2 and when the input to the receiver is a transformer
with a small primary, it is better to put a small winding on
coil L and form a link circuit of this small winding and the
primary in the receiver. When the input to the receiver is a
resistance or choke coil, the connections should be as in Fig. 2
without any changes. .

One difficulty with tuning the output of the modulator tube
is that there will be two tuning controls in the intermediate
amplifier, one C9 and the other the tuning control in the re-
ceiver. This is only a disadvantage when it is desired to change
the intermediate frequency from time to time. There are many
occasions when this is desirable.

The tuned output also has the advantage of eliminating broad-
cast stations near the frequency selected for intermediate. The
more sharply the output circuit is tuned the more complete is
this elimination and it is usually possible to select a frequency
in the broadcast band without meeting interference. However,

n AR R A
1 J J

| i
Tl

+}

13

Fig. 2
A four-tube short wave converter with a stage of RF ahead
of the tuned modulator and with a built-in power supply. No
intermediate frequency stage is built in with this converter.

if the lead from the converter to the receiver is long there will
be some interference from this source.

A Common Complaint

It is a common complaint that when the converter is con-
nected to a set, broadcast stations come in all around the inter-
mediate frequency. For example, if the intermediate frequency
is set at 1,400 kc stations all the way from 1,500 k¢ to 1,000 kc
come in. This means only that the broadcast receiver is not
selective. The tuner in the output of the converter helps in
cases of this kind. The tuner also helps to increase the effec-
tiveness of the modulator by providing a by-pass condenser for
the higher frequency currents.

When there is insufficient amplification in the broadcast
receiver it is best to put in a stage of IF in the converter. In
that case it is best not to tune the output of the amplifier be-
cause this might upset the stability of the broadcast receiver:
A choke coil and a condenser are sufficient for output coupling.
The output circuit would be like Fig. 2 with the condenser
C9 omitted and the coil L being a choke in place of a small
tuning coil. The tuned circuit between the modulator and this
amplifier should be retained.

Radio Frequency Amplifier

The circuit in Fig. 2 has a stage of radio frequency ampli-
fication ahead of the modulator. Although the tube is a screen
grid tube the amplification in this stage is not very great but
it does help to increase the sensitivity a little. Perhaps the
main advantage of this tube is that it removes the radio fre-
quency tuner from the antenna so that the tuner is the same
regardless of the characteristics of the antenna that is used.

The main reason for the amplification in this stage is that
the input is untuned, as was explained under Fig. 1. That is,
the grid to cathode capacity of the tube partly short-circuits
the input impedance. It should not be assumed that to get
greater amplification the input to this tube should be tuned,
because another tuner at radio frequency would require another
set of short-wave coils and another tuning control. Moreover,
it would be practically impossible to stabilize the circuit. Ope
tuner at radio frequency is sufficient.

The Power Supply

If the tubes in the converter are of the AC type the filament
transformer should always be built in for otherwise long, heavy
leads would have to be run from an external transformer and
the voltage drop in these leads may be excessive so that the
filament current would not be high enoueh to operate the
circuit properly.

It is also convenient to build in the B supply in the con-
verter, unless batteries are to be used, and they are not the
most convenient by any means. Taking the B voltage from the
receiver is not always easy. In fact, in most commercial re-
ceivers the proper voltages are not accessible.

It has been found that a B supply like that illustrated in
Fig. 2 and 3 gives good results. It consists of a 227 tube used
as a half-wave rectifier, the AC voltage for rectification being
taken from the primary of the filament transformer, or directly

(Continued on next poge)
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Fig. 3
Another four-tube short-wave converter with built-in power
supply. One stage of untuned intermediate frequency ampli-
fication is used. A circuit like this is not as satisfactory as
the one shown in Fig. 2.
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(Continued from preceding page)
from the 110 volt line. 1f the current drawn from this rectifier
is small, the rectified voltage will be around 110 volts, or even
more, which is sufficient to operate the tubes in the converter,
even when some of them are screen grid tubes, as in the case
of Fig. 2.

A half-wave rectifier requires considerable filtering to remove
the ripple. While a large electrolytic condenser of about 8 mfd.
would be enough, it is preferable to use two 4 mfd. condensers
C12 and C13, and a choke coil Ch. Of course, if the condensers
are made larger than 4 mfd. the filtering will be better. A 30-
henry choke is quite sufficient.

The voltage divider in this circuit consists of R4 and the po-
tentiometer P. If the resistance of P is 30,000 ohms, that of R4
should be about 12,000 ohms.

Line Protection

A low-current fuse F is placed in each side of the, primary of
the filament transformer as a precaution against possible short
circuits. Another precaution is a condenser Cl1 in the ground
lead that is to be connected to the broadcast receiver. Still
another precaution is a condenser in the antenna lead, as Co
in Fig. 3. The reason for these precautions is that the con-
verter may be alive to the 110 volt AC by virtue of the direct
connection of the rectifier to the line.

Fig. 3 illustrates another four-tube converter with a built-in
B supply of the same type as that used in Fig. 2. In this the
filter does not have a choke coil but only a large electrolytic
condenser C10. The use of a choke is recommended even if the
condensers have to be reduced in size and capacity.

Fig. 3 illustrates the method of coupling the oscillator to the
cathode as was mentioned previously. This has been found to
be a very effective method of coupling when the modulator
tube is a 227 or a 224. It also simplifies the oscillator coil in
that only five terminals are required for the three windings.
Hence a UY type plug and socket may be used for the oscil-
lator coils. This is also true when the scheme in Fig. 2 is used,
although the coils are not interchangeable.

Grid Leak Detection

In Fig. 3 grid leak and condenser method of detection or
modulation is used. It works all right for either a screen grid
or a 227 tube, but the constants are somewhat different from
those used when the tube is used for converting the signal to
audio frequency. The condenser may be smaller and the grid
leak should be considerably smaller. For example, 20,000 ohms
often gives better results than 2,000,000 ohms.

There is no by-pass condenser in the plate circuit of the modu-
lator tube in Fig. 3 because the output capacity of the tube is
quite large in view of the fact that the intermediate frequency
used is in the broadcast band, or above that band, and also in
view of the high resistance R4.

Resistance coupling is indicated in Fig. 3, but there are sev-
eral reasons why this cannot be recommended. In the first place
the input and output capacities of the tubes are across the
grid leaks and the plate resistances, and these capacities reduce
the coupling impedances to the point where the coupling is
ineffective, especially when the intermediate frequency used is
at the 1,500 kc end of the broadcast band.

Another reason is that the circuit is not selective and it acts
as an antenna. Hence when a converter of this kind is con-
nected to a broadcast receiver the input at all frequencies is
quite high and it may be that the broadcast receiver is not
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Fig. 4
A four-tube short-wave converter with built-in B supply, tuned
input, and a tuned coupler between the modulator and the
intermediate frequency amplifier. The pick-up here is by
induction between the oscillator and the modulator tuners,
no special pick-up coil being used.

selective enough to segregate the frequencies. In other words,
interference is likely to be severe with this kind of amplifier,
for the selection is imposed entirely on the tuner in the broad-
cast receiver.

Low Current Advantage

The advantage of the resistance coupling in the converter is
that the current drawn from the B supply is extremely small
and therefore the voltage is comparatively high. The current
is so small that it may be said without exaggeration that the
only current is that required by the oscillator tube and the
voltage divider. High voltage alone, however, is of little avail
if the coupler is such that the signal is not amplified.

If the proper coupling between the modulator and the broad-
cast receiver is used it would be just as well to omit the second
tube, unless tuned circuits are used as suggested previously.

Use of By-Pass Condensers"

By-pass condensers should be used liberally in a short-wave
converter, as well as in broadcast receivers, to keep the radio
frequency currents out of common parts of the circuit and to
avoid feedback, both regenerative and degenerative. Thus in
Fig. 2 each grid bias resistor is shunted by a condenser, Cl for
R2, C5 for the bias section of P, and C8 for R3. Without these
condensers there would be a certain amount of reverse feed-
back in these tubes which would lower the sensitivity. The
screens are also by-passed by C2 and C6. These condensers
serve to steady the screen voltages and at the same time to
keep the signal component of the screen current out of the B
supply.

C2 and C6 also serve the oscillator and thus help to minimize
the stray couplings between the oscillator and the modulator. The
larger these condensers the better, but 0.1 mifd. for each is
about as large as they need be. This applies also to the grid
bias condensers. The reason these condensers are large enough
is that the lowest frequency involved is that of the intermediate,
which is not lower than 550 kc.

Different Types of Converters

The points discussed in the preceding paragraphs apply to any
type of converter and not only to those illustrated in Figs. 1 to 4.
They point to what might be said to be an ideal converter.
First, such a converter should have a built-in power supply, both
filament and plate voltages. Second, the input should be tuned
to the desired signal. Third, the output circuit of the oscillator
should be tuned and there should preferably be a stage of in-
termediate built in with the converter and the tuner of the
intermediate coupler should have the same range as that of the
broadcast receiver.

The circuit in Fig. 4 incorporates most of the desirable features
of a good short-wave cohverter. It has a tuner in front of the
modulator to help increase the selectivity and the sensitivity,
it has an efficient type of detector, and has a circuit tuned to
the intermediate frequency and this is followed by an inter-
mediate frequency amplifier. The filtering in the B supply is
also more complete than that in the others, having two con-
densers across the line and a choke coil in series.

The output coupler in this circuit is well adapted to broadcast
receivers having large primaries in the first tuned circuit or
those having high impedance inputs. Getting the proper pick-up
or coupling between the oscillator and the modulator is only
a matter of placing the two coils at a suitable distance apart.
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"Proceedings” Reviewed

Synchronized Operation Analyzed

Review of papers appearing in the February issue of “Proceedings of the
,

Institute of Radio Engineers.’
66 N the Simultaneous Operation of Different Broadcast
Stations on the Same Channel,” by P. P. Eckersley.
This paper gives a detailed account of experiments in
the operation of several radio broadcast stations on a common
frequency, conducted in England. The theory involved in syn-
chronous transmission is set forth and an account of tests given.
It was found experimentally that “when the stations were per-
fectly synchronized, then, service area conditions could be said
to exist at any point, provided the field of one station at that
point was more than five times the field strength of the other
station at that point and provided each station radiated the
same program.” When two stations were operated at constant
frequencies differing by 10 cycles per second it was found that
“service area conditions of one station could be said to be
bounded by a field contour which was everywhere ten times
greater than the interfering field from the other station pro-
vided each station radiated the same program.”

One conclusion reachied regarding conditions for successful
single wavelength working was that “it is quite impossible to ex-
pect to set up any successful single wavelength system (wherein
the stations are reasonably close together) if different programs
are radiated by stations sharing the same wavelength.” He
emphasizes the conclusion that “Single wavelength operation
must ‘rely upon the radiation of the same program by all sta-
tions sharing the same wavelength if the system is to be suc-

cessful.”
* x *

Hans Moegel, Transradio A. G., Berlin, Germany, describes
“Some Methods of Measuring the Frequency of Short Waves.”
He gives four different methods for practical {frequency
measurements on short waves (10-50 meters, 30,000-6,000 k.c.)
with an absolute accuracy of plus or minus 0.01 per cent to
plus or minus 0.001 per cent and a relative accuracy of plus
or minus 0.0001 per cent. Harmonic overtones are used in each
method and the frequency standards are exclusively the
luminous quartz resonators developed by Giebe and Scheibe.
Diagrams of the circuits used in the measurements are given.

The same author contributed a paper on ‘“Monitoring the
Operation of Short-Wave Transmitters,” a discussion of all the
methods of monitoring the variations in the radiated high-fre-
quency energy which occur in the operation of short-wave trans-
mitters which have been used in the five years’ experience of
the great Nauen radio stations for overseas wireless communi-
cation. Experience has shown that all monitoring can hest be
effected when the monitoring equipment is centralized, when
only one or two attendants are needed.

* ok Xk

Joseph Sahagen, Standardizing Laboratory, General Electric
Co., West Lynn, Mass., discusses “The Use oi the Copper Oxide
Rectifier for Instrument Purposes.” Advantages and disadvant-
ages of this type of meter are pointed out, the characteristics
relating to temperature and frequency are given, and the effect
of wave form explained. Schemes for compensating for tem-
perature and frequency errors are given. The full-wave Copper-
Oxide rectifier is recommended and such an instrument when
properly constructed can be relied on to an accuracy of one per
cent provided the wave form is pure. The main advantage is
that the sensitivity of such meters is much greater than that of
any other rugged AC instrument.

* ko ok

G. D. Robinson, U. S. Naval Academy, Annapolis, Md., con-
tributes a paper entitled “Wide Range Scales for Fadine Rec-
ords by Electrical Means.” The intermediate frequency ampli-
fier, part resistance and part tuned coupling, is shown together
with the output device for recording the signals. The second
detector consists of two 240 tubes connected in push-pull on the
radio frequency side and in parallel on the audio side. A bridge
arrangement containing two additional 240 tubes is used to
prevent drifting of the resistance coupled amplifier. Two 250
tubes in parallel work into the recording device.

L .

Of special interest to radio fans is a paper by P. E. Edelman,
Electrical Engineer, Chicago, Iil,, on a “Condenser Loud-speaker
with Flexible Electrodes.” Detailed description of the speaker
is given, including the structure and treatment of the flexible
diaphragms and the frames holding them. A method of baf-
fling the diaphragm is also suggested. Several polarizing cir-
cuits suitable for the speaker are also shown diagrammatically.

“The conclusion is advanced that the departures in structure

and Condenser Speaker Described

discussed have brought the flexible condenser speaker to a stage
where it can compete with the other best known types of repro-
ducers, that in some respects it has distinctive advantages in
qualit}l of reproduction, and that further advances may be
attained along this line by the development of amplifiers with
vacuum tubes designed to fit the characteristics of the con-

denser speaker.”
* * *

W. W. Kenrick, Consulting Engineer, Bureau of Standards,
A. H. Taylor, Naval Research Laboratory, Bellevue, Anacostia,
D. C, and L. C. Young, also of the Naval Research Laboratory,
report a “Note on High Frequency Transmission During the
Sumimer of 1930.” It is a study of echo signals.

* x %

Lloyd Espenschied, American Telephone and Telegraph Co.,
and William Wilson, Bell Telephone Laboratories, New York,
contribute a paper on “Overseas Radio Extensions to Wire
Telephone Networks.” They outline the principal circuits and
point out that they fall in five main groupings, namely: The
North American-European connections; North America-South
America; South America-Europe, Europe-Africa, Asia, and
Oceania; and North America-Pacific points and the Far East. A
section is devoted to a discussion of short-wave technique and
others to transmission results, magnetic storms, the problem
of the transmitting medium, and planning the international use

of frequencies.
X X %

John W. Arnold and Paul F. Bechberger, Western Union
Telegraph Co., solve the problem of “Sinusoidal Currents in
Linearly Tapered Loaded Transmission Lines.”” The paper is
mathematical.

RCA Announces New
Variable Mu Tube

The RCA Radiotron Company has announced a new screen
grid tube, the RCA 235, for use in radio-frequency and inter-
mediate-frequency amplifiers in circuits especially designed for
it. The new tube is of the variable mu, or variable mutual
conductance type. It is particularly intended for the reduction
of cross modulation and permits a wide volume control without
the use of local-distance switches or antenna potentiometers,
making it adaptable to automatic volume control design. The
cathode is of the quick heater type.

Tentative ratings and normal characteristics for the RCA
235 are as follows:

Filament voltage ............................ 2.5 volts
Filament current ............................ 1.75 amperes
Plate voltage (recommended) .............. 180 volts
Screen voltage (recommended)............... 75 volts
Grid voltage, negative bias.. .................. 15 volts

Plate current, milliamperes................... 9

Screen current (milliamperes) ................ 3 or less
Plate resistance, ohms..................... ... 200,000
Mutual conductance, micromhos..... O T 1,100
Grid to plate capacity (maximum)............ 0.010 mmfd.
Input capacity.................... e e oo nee e 5 mmfd.

Output capacity......................coui... 10 mmfd.
Length, inches................................ 5.25
Diameter, inches (maximum)................. 113/16

Socket, UY

NEW BOOKS

Short Waves, by Charles R. Leutz and Robert B. Gable; ten chapters,
370 pages, 6x9 inches. i

. This is one of the most complete and up-to-date hooks deal-
ing exclusively with short-wave reception and transmission. The
book first gives a brief historical review of radio development
leading up to the use of short waves. Then it takes up the
principles of short-wave propagation and goes into the practical
phases of commercial radio telephony and telegraphy, showing
the circuits used both for transmission and reception. Other
subjects treated in detail are: Ship to Shore Telephony, Direc-
tional Antennae, Television, Aircraft Radio Equipment, Short-
wave Broadcast Receivers, Ultra-Short Waves (Medical and
Surgical Applications), and Amateur Short-Wave Equipment.
The book is copiously illustrated with schematic diagrams and
photographs.
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Power Amplifier for Television,

By Feodor

(223

g
g

Fig. |
The power amplifier with constants specified. B minus is
usually grounded.

the popularity of resistance-coupled audio amplifiers, be-

cause these are found to give the best definition of images.
While the circuit is familiar, the values of constants have to
be chosen so that the amplifier will possess stability.

Once the amplifier is functioning properly, of course it is
useful for television work and for magnification of the output
of the detector of any type of tuner, including a broadcast tuner,
and for phonograph pick-up. Therefore the audio power am-
plifier, as diagrammed, provides heater current not only for its
own tubes, but also for tubes in a tuner.

Since the power amplifier is to be used for broadcast and
phonograph work, as distinguished from television, the filtration
must be excellent, to eradicate hum. The television -signal is
not so much influenced by static and other interference, includ-
ing hum, but the broadcast receiver apd pick-up are greatly
affected thereby, hence the pains taken to provide filtration of
the highest order.

THE growth of interest in television reception has increased

Capacities Used

The solution lies simply in the choice of large filter capacities,
and an adequate B supply choke. The capacity next to the
rectifier is 8 mfd,, while that in the “reservoir” position, across
the voltage divider, is 16 mfd., composed of two 8 mfd. capa-

LIST OF PARTS
Coils
One power transformer, type K
One B supply choke coil, 30 henries, type K
One 50 mlh radio frequency choke coil

Condensers
Two .00035 mfd. fixed condensers
Two .01 mfd. fixed condensers
Four 8 mfd. electrolytic condenzers with mountings
Four 1 mfd. bypass condensers (200 volts DC rating, or higher
rating)

Resistors
Three 0.1 meg. Lynch metallized pigtail resistors
Three 0.5 meg. Lynch metallized pigtail resistors
Two 6,000 ohm biasing resistors
One 30-ohm center-tapped resistor
One multi-tap voltage divider (17,100 ohms total)

Other Parts

One 9x11 inch subpanel, with four sockets for tubes, and four
extra holes for inverted mountings of electrolytic condensers

One socket wafer for insulated mounting of one electrolytic
condenser.

One AC switch

One binding post

One bakelite twin jack assembly, marked “Speaker”

One dozen 6/32 nickel-plated machine screws, and one dozen
nuts to match

One roll of hookup wire

cities in parallel. The condensers are electrolytic. The B sup-
ply choke coil has a commercial rating of 30 henries.

It will be noticed, also, that an 8 mfd. condenser is used for
isolating the plate of the first audio tube from the grid of the
245 output tube. This is unusual, since it is generally true that
the capacity of the isolating condenser, if large, will tend to
introduce motorboating. However, an experimental connection
of a large condenser in the position shown proved an excellent
volume-booster, without introducing any instability. The leakage
through the electrolytic condenser, although very small, bucks
any grid current that may be flowing in the power tube. This
results in a stabilizing action, and the effective mu of the 245
tube is increased. It was found that the gain in amplification
was more than 30 per cent.

Others may have tried a large capacity as isolating condenser
in resistance-coupled audio amplifiers, as this system was out-
lined for the first time in the February 2lst issue of Raplo
WorLp. Then a two-stage amplifier was shown. The object
of the large isolating capacity was to make the gain sufficient
for satisfactory operation of a loudspeaker, which is not gen-
erally practical with the conventional two-stage resistance-
coupled amplifier.

How to Take Care of Phase Shift

However, if the circuit was followed exactly as diagrammed,
the result would be exactly as described. The introduction of
motorboating would follow if the condenser were placed in the
preceding stage (detector to first audio in that circuit), or if a
combination three-stage amplifier were used, in which there was
a transformer, push-pull or otherwise. Then complications
arise from phase shifts. The solution, if large capacity intro-
duces motorboating, is to shift this capacity, since instability
in one position will result, and stability in the other, due to the
phases of the voltage in respect to the current being 180 de-
grees apart as ‘between respective elements of successive resis-
tance-coupled tubes. Therefore any who deviate from pre-
scribed circuits should take into account the suggestion for
shifting the large capacity.

One man who built the amplifier as described in the February
21st issue reported that results were exactly as stated, and that
he was more than gratified. But when he tried the same
method on a three-stage amplifier, consisting of two resistance-
coupled stages and one transformer coupled cascade, with 245s
in push-pull output, he encountered motorboating. He also
said that the two-stage amplifier, as diagrammed, and which he
followed faithfully, permitted the use of higher values of grid
leaks throughout, without instability. So he was puzzled. But
he was advised to shift the large capacity, and soon he reported
back that again he was gratified.

The values of the grid leaks are important. They seem small,
in comparison to more usually recommended values, since they
are only 0.5 meg., but if no instability is encountered, larger
values of grid leaks may be used. In fact, the rule is to make
them as large as practical without running into motorboating,
and the small values are given only because there goes with
them an assurance of stability.

BF Choke at Input

The input to the power amplifier has a radio frequency choke
coil by-passed by suitable capacities, so that RF will be kept
out of the AF channel. This, too, aids stability, since if RF gets
through, it is unfortunately well amplified in a resistance-cou-
pled chain. In fact, the tuner itself may be thrown into RF
oscillation due simply to the RF gain in what should be ex-
clusively an audio amplifier. So, if your tuner has a filtered
detector output, nevertheless you may include the filter dia-
grammed in Fig. 1, as an extra precaution.

The plate resistors are 0.1 meg. This is a suitable value for the
227 tube. It is preferable to use this tube, rather than the
screen grid tube, because of the trickiness and instability of
the screen grid tube in audio amplifiers. The 0.1 meg. value
should not be greatly exceeded, as when the resistance is in-
creased, so is the effective capacity across the signal line, which
attentuates the higher audio frequencies. In television work
particularly would this be a serious drawback, while even for
broadcast reception one wants to hear the violin just as it
sounds at the studio, with the natural raspiness of certain high
notes, as well as the hissing consonants of speech that make for
intelligibility.

Transformer Data

The first and second audio amplifier tubes have heaters in
series, because fed by a 5-volt source, marked “6 volts” on the
power transformer. The output tube filament is connected in
parallel with the 2.5 volt winding, so marked on the transformer,
while binding posts may be brought out, or twisted pair, to
enable connection of two heater type tubes to the same wind-
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The two-stage resistance coupled audio T T T

circuit referred to by the author, first cir-
cuit to embody the high isolating capacity.

COMNECT To TAP LOWER
THAN ONE USED FOR
OPPOSITE END

ing as supplies the power tube filament. This would put a 50- sufficient. So four heater type tubes may be worked, additional;
volt positive bias on the heaters of these two tubes, but the to those in the audio amplifier. Of course the 1 12 volt wind:’
procedure is now well accepted as satisfactory, and no hesi- ings may be used for 226 tubes, if preferred, whereupon as many
tancy need be felt about following this system. as six such tubes may be served by the two 1 12 volt windings.

The filament winding for the rectifier is marked F-C-F, the The electrolytic condensers are sensitive to polarity. The
two Fs going to the filament, the C, or center, being used for anode is represented by the binding post in center of one end,
oibtaining the positive voltage from the 280 rectifier, for con- and is to be connected to positive. The can is to go to negar
nection to one side of the B supply choke and the anode of tive. Thus the can may be connected to, the metal subpanel,
the 8 mfd. electrolytic next to the rectifier. which is B minus and ground, in all instances except that of the

The high voltage winding, 1-0-1-, has rectifier tube plates isolating condenser, which must be insulated from the chassis.
connected to the respective 1s, while center, which is marked 0, The socket wafer affords such insulation. If a phonograph
goes to grounded B minus. There are two other windings, pick-up input is desired, arrange to cut the pick-up in and out,
marked 1 12 volts, but if one heater type tube is connected to across the first grid leak (grid of first audio tube to B minus).
each such winding, the resultant voltage will be 2 volts, which is  leaving the leak in position.

FREE AID TO A NEW JOB!

SITUATIONS WANTED AND HELP WANTED ADVERTISEMENTS WITHOUT COST!
Address: Industrial Dept.,, RADIO WORLD, 145 W, 45th St,, N. Y. C.

SITUATIONS WANTED

NATIONAL RADIO INSTITUTE GRADUATE— | GOOD SERVICE MAN, age 23, colored. 8 years’ INVENTIVELY INCLINED, and have diploma
10 years' experience in radio service, desires posi- radio practice. Knows theory, power amplifiers, from Radio Training Association of America;
tion anywhere at anything. Prefers store work as and laboratory apparatus. Will consider any would like to get in touch with radio factory with
combination salesman and radio service man. Has radio work. .P. Donald Carr, 6523 Evans Ave,, high-class laboratqry. Former student in Elee-
test equipment and tools. Can furnish bond and Chicago, Il trical & Mechanical College of University of
first-class references. Write National Radio Inst., Kentucky. P. B. Kehoe, 2100 Lee Street, Fort

Washington, D. C., Student No. 74A25 for infor- RADIO GRADUATE OF THE 1. C. SCHOOLS, Mvera. Flarida. :
mation as to ability. H, M. Goodrich, Box 1301, with technical training both in servicing and con- GRADUATE NATIONAL RADIQ INSTITUTE,

Ft. Lauderdale, Fla, struction, wishes steady job in store or factory. experience with public address ‘systems, short

Francisco Bou, Jr., 4448 Elizabeth St., Philadel- wave radio, and general servicing.. Age, 20 years.
RADIO COLLEGE STUDENT, age 23 years phia. Penn. Locate anywhere, B. H. Love, Valley Center,
married. Understands theoretical and practlcai & Kansas.

radio, experienced in servicing. _ Desires steady RADIO SERVICE MAN 1d like t X B
position. Robert L. Smith, Seat Pleasant, Md. ~ | S0 - with store or e S S 5:;9510 I%isgl;Aigh ol(x)lNg rfﬁllec% MAN. A;lz{,dp
R service work for store on contract basis, 5 years) ¢ =5 " S ourse in adip

xEEARBSER‘;O Ol:a“lNo?TgT';JTEMaE;\Dyleg“ Evl:r?eld experience, 3 years outside. Reference. National | 2nd Television Institute, Chicago. ‘Would _con-
RS 'cn'cc 2 yasst -Chicfg Engineer Development Radio Institute, Washington, D. C. Louis Schudde, sider radio position of any kind, anywhcr; in U. 8.
'thn. . sd e Che eer, Deveopment, | 155 Meserole S¢., Brooklyn, N. Y. Willing to.start at reasonable salary, with chance
echnical, an pparatus an esearc gin L/ of promotion. Lloyd B. Phillips, R. F. D, No. 3

ith reliable firms. For past two years member . 4
of tcclrmicall staff of Engincering Dept, of Arcturus | CERTIFIED RADIOTRICIAN.  Also kigh schoo Dlewg Bt % .
Radio Tube Co. usiness an ersonal refer- | graduate and at presen . E. 1. student.
ences of the highest order. Gilbert Emerson Maul, Can furnish satisfactory references as to char- - &ﬁTl}ggfgLHl}ﬁ,Dls?:holg;ST;ch;E S}‘:r%gaTé
651 Lincoln Ave, Mountain Station, Essex County, | acter and ability. Address: H. F. Goodrich, | radio .servicing, selling, building, and —repairing. '
N. J. Phoae: Nassau 4-6845M. 2020 Seminary St.,, Dubuque, Iowa. Fred J. Kellish, 452 Court St., Elizabeth, ?\I I
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FIG. |

Circuit diagram of the L-32 Ultradyne, an up-to-date, all-wave super-heterodyne characterized by the use of a
plio-dynatron oscillator.

HAT the all-wave superheterodyne should come was in-

l evitable, for it offers so many advantages. It will bring in

the broadcast stations as well as or better than any other
receiver, and in addition all television, short-wave broadcast,
code, and all kinds of signals. Only a superheterodyne seems
suitable for such a receiver, for only in the superheterodyne
does the main amplification occur at the same radio frequency
regardless of the frequency of the signal.

We present the L-32 Ultradyne, a complete receiver of this
type making use of the system of modulation invented by the
late Robert E. Lacault and made famous by countless success-
ful receivers of the type. The L-32 incorporates all the latest
improvements in circuit design that have stood the test of
trial and utility. Many of the new kinks put in some receivers
to satisfy whims and at which we smile have been left out. a
real credit to the designers.

In looking over the circuit diagram of this new receiver one
is impressed by the fact that nothing superfluous has been in-
cluded to clutter up the circuit and to render it less efficient.
On further study of the circuit one realizes that nothing has
been left out that serves a useful purpose, that no part has
been put in just for appearance, that no connection has been
made this way or that without a sound reason for it. One can-
not say of this receiver that it is “just another superhetero-
dyne,” but one must say that it is a thoughtful new design.

Plio-Dynatron Oscillator

One deviation from the usual is the use of a plio-dynatron
oscillator. This oscillator employs a screen grid tube and oper-
ates on the principle of negative resistance without the usual
tickler coil. To bring about the condition for oscillation the
screen voltage is made higher than the plate voltage. An
oscillator of this type has been found to possess exceptional
frequency stability over an extremely wide range of frequencies.
The frequency stability is an important feature in an all-wave
superheterodyne as it prevents interlocking of the tuned cir-
cuits. It also possesses the advantage of simplicity. There is
no other oscillator as simple as this..

The intermediate frequency in this circuit is 245 kilocycles.
It is placed at 245 rather than at 250 or 240 in order to avoid
its being a multiple of ten and thus to avoid heterodyning and

image interference. Another reason for using 245 kc. is to avoid
interlocking of the tuned circuits at the high frequencies which:
would occur if the intermediate frequency were low, for there
is coupling between the tuned circuits other than that intended.
However minute the stray coupling may be it may become an-
noying when the signal and oscillator frequencies differ by only

a small percentage.

Gang Tuning

The oscillator and the radio frequency tuner are tuned with
one control. This is quite a feat in an all-wave superhetero-
dyne. It is accomplished by having a trimmer condenser across
each of the high frequency circuits. For short-wave reception
the trimmers are the tuning controls while for broadcast re-

e |

Forum

Warning on Motorboating

WORD of advice to brother fans
Awho are following Rabpio WOoRrLD's

excellent articles on resistance-
coupled audio designs. Any pronounced
motorboating encountered, if not promptly
removed, will tend to puncture paper filter
condensers in plate or speaker filter cir-
cuits almost as fast as they are replaced.
This is rather expensive and am pas§ing
my experience on to any whom it might
benefit.

Also, there are a lot of us who are not
greatly interested in short-wave opera-
tions, so don’t crowd out the good stan-
dard up-to-date concert band designs.

GrorRGE E. SEIBERT,
Box No. 233, Bridgeport, Ohio.

The National Fed
ciations and the Ra
ciation went unanif
endorsing a program
diate raising of a $1G
mote the radio indust
be spent in national 2
newspapers to acqu,
readers with further
ing broadcasts. Sup
tional importance w
regular intervals an
radio public to augm
did programs with a
features. The amou
the millions of dollar1

by the broadcasters
facturers at the pres
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xe Ultradyne, Model L-32

BRUNN

ception the main condensers are switched in and the trimmers
are then only trimmers to be used when necessary or desirable.

Attention is called to the thoroughness of the filtering of the

ircuits and the manner in which the by-passing has been done.
Fach stage has its own grid bias resistor. Thus there is no
coupling among stages from common bias resistors. All by-
Lfa,ssing in any one stage has been made to the cathode of the
Mube in question. Thus there are three condensers connected
to most cathodes, one for the bias resistor, another for the
screen voltage, and still another for the plate voltage. And in
each screen and plate lead there is a filter resistor below the
condenser to complete the isolation of the circuits with respect
to the B supply. But the common portions are by-passed, too,
and with larger condensers.

Intermediate Tuners

There are six tuners in the intermediate frequency selector
and three transformers, both the primary and secondary of
each being tuned. The coupling between each primary and
secondary has been determined experimentally to combine the
highest possible efficiency consistent with selectivity. The tuner
is exceedingly sharp yet not so sharp as to cut sidebands. Each
tuner acts as a band pass filter.

The shields over the intermediate coils are oversize so that
there is a negligible loss in them, which helps both the selec-
tivity and the sensitivity. Yet the shields are effective in
eliminating interstage coupling. The tuning coils have com-
aratively high inductance so that the tuning capacity across
ach is small. This makes the L/C ratio high, which in turn
akes the sensitivity high. It is so high that the noise level
is reached long bhefore the maximum sensitivity, except in ex-
tremely quiet locations.

The Audio Amplifier

The audio amplifier consists of two stages, one single tube
coupled to the detector by means of resistance-capacity and the
ther 245 push-pull coupled to the first by means of transformer.
aturation of the primary of the push-pull input transformer
s prevented by the parallel feed method, That is, a choke coil
¥s used for feeding the plate of the first audio tube and a
condenser is put in series with the primary to keep out the
direct current. In this respect we note that the primary of
the transformer is returned to the cathode and not to ground.
This is one of the refinements with which this receiver is
replete.

I(’;‘vood fidelity is assured by the grid bias second detector, re-
sistance coupling between the detector and the first audio, push-
ull 245 output, parallel feed method of coupling between the
first and second audio stages, and bandpass type of tuner in
the intermediate amplifier.

Both detectors are screen grid tubes and eaclf is self-hiased

ADIOGRAMS
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tion of Radio Asso-

Wholesalers Asso-
tously on record as
involving the imme-
},000,000 fund to pro-
ry. The money would
wdvertisements and in
aint the millions of
| details of outstand-
er-broadcasts of na-
opuld be arranged at
d would enable the
lent their now splen-
dditional outstanding
nt would supplement
being spent annually
land by radio manu-
ent time.

“Business without ballyhoo” will be the
keynote of the annual radio trade show at
Chicago in June. Revival of radio, as well
as other business, already is indicated in
the advance applications of manufacturers
for exhibit space.

X K %

Midget receivers are still proving the
most popular sales attraction in retail

stores.
* k%

Many set manufacturers, not yet mak-
ing superheterodynes, are working on
them nevertheless, but the number of
ficenses to be issued is restricted, and
some manufacturers, licensed for TRF
only, may be disappointed.

with a 15,000 ohm resistor. The first detector has 180 volts on
the plate and 25 volts on the screen, and the second detector
operates under the same conditions except that the late load
is a 0.25 megohm resistor.

Image Interference Remedy

Image interference is the weak point in every superhetero-
dyne, and the more the designer of a circuit succeeds in sup-
pressing it the better the receiver will he turn out. There are
two methods of attack on the problem. One is to tune the
radio -frequency signal so sharply that the signals differing by
twice the intermediate frequency are so suppressed ahead of
the first detector that they cannot even produce a chirp when
mixed with the desired station. The second is to increase the
intermediate frequency. We have the choice of using many
tuners at radio frequency or a high intermediate frequency.

In this receiver, the L-32, the intermediate frequency is 245
ke, as has been stated. Twice that is 490 kc. It would seem
that almost any tuner would be sharp enough to segregate two
signals differing by 490 kc. The designers of the receiver under
discussion found that a single sharp tuner was sufficient, there-
for there is only one, but it is selective.

Power Supply

There are three 2.5 volt windings on the power transformer.
One of these serves all the cathode type tubes with the ex-
ception of the second detector, which has a winding all to
itself. The third winding serves the two power tubes. Each
of the windings is balanced by a center tapped resistance, the
center of which is grounded, except that in the third winding a
790 ohm bias resistor is connected between the tap and
ground. This bias resistor is not by-passed because an unby-
passed bias resistor in a push-pull stage tends to equalize the
signals on these tubes in case they are slightly different to
begin with.

The rest of the power supply is typical. The rectifier is a 280
type tube and the filter contains two chokes and the usual
by-pass condensers. The plate current of the power tubes flows
through only one of the chokes. Taps are brought on the
voltage divider at 25, 85, 130, and 180 volts.

Mechanical Features

Considering the fact that the circuit contains nine tubes in
all together with necessary tuners, transformers, and condens-
ers, the L-32 is of very smal!l dimensions. The overall size is
only 185 inches long, 11 inches front to back, and 8 inches high.
Notwithstanding this compactness there is no crowding of parts
as may be seen from the photographs, to be shown next week.
The small physical dimensions of the receiver makes it adaptable
to modern consoles and cabinets.

The tuning range of the circuit is from 550 to 20,000 kc, which
is enough to cover practically all the radio spectrum used at
present. Those stations operating below 550 kc are of little
interest and those above 20,000 kc are little used. If consider-
able activity in the ultra-short waves should develop, it is a
simple matter to extend the range of the tuner to take.them in.

Pointers on the Choice

of Tubes for Circuits

HICH tube should be used in a radio set? What is the

difference in results? The 226 tube has four contacts.

The filament is heavy, so that the variations in the alter-
nating current do not cause very much flicker and corresponding
hnm. Still, there is some hum resulting.

Che 227 tube, originally mode for detection, does not have
the filament directly connected in the circuit. It uses the
heat of the filament to warm an additional element, which is
really the element from which the electrons are given off.

This heater type tube causes practically no hvm. so that in
addition ot using it for a detector, it is becoming more and more
popular for use in other circuits, such as the radio frequency
and audio amplifiers. The screen grid tube is coming into favor
for the radio frequency sockets, too, so that presumably, the 227
will be confined to the detector and audio sockets for future use.
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A Comprehensive Tester

= E(E

By Henry

LIST OF PARTS
One Weston Model 375 Switchboard DC galvanometer, 0.5 ma.
o Q o full-scale deflection.
GRoUND SV 1 CORIROEGRD One Weston Model 301 Switchboard O-100 milliammeter.
One 833x534 inch drilled and engraved bakelite panel.
One walnut finish wooden cabinet to fit.
28 Three Lynch wire wound precision multiplier resistors; 6,000 |
fo— < ohms, 60,000 ochms and 600,000 ohms. 1
= ) & 2 One 2.45 ohm shunt resistor. |
Four binding posts. |
W0 Two 1.5 volt dry cells. ) {
v 300y, Two clips for holding dry cells inside cabinet.
Six bakelite twin jack assemblies,
YR One Benjamin switch. 1
d 30V Two sockets (one UX, one UY).
) Two Best socket adapters with removable brads (one UX, one
60000 o UY). .
One 5-lead cable with UY plug and UX adapter.
@_ One grid clip and one grid cap.
One roll of hookup wire.
c:uvmomnmkemb‘ /'1.45:\ N 100 MA. (Sw. UR) Two test leads, pin plugs at both ends.
Fig. |
The circuit of the tester. GREAT part of the enjoyment of radio work lies in the use
A of accurate meters, for measuring voltages and currents par-
= ticularly, while 1as an easg adjgnct it 1s desirable also to
o measure resistance values. Besides, the testing equipment, while
Vqlue Of Outflt Enhdnced by Tdble consisting of independent meters, should be of the plug-in type, so
TABLE OF SCALE DIVI. Dhie vAlues Jivier inl B8 ac- that measurements may be made in a receiver, which is a great aid
SIONS, CURRENT EQUI- compan%/ing_llﬁable tapplyhto toASﬁn{}llceieH:'srsléts can be enjoyed quite readily by the use of stand-
VALEN"’TS, AﬁlgngEs%%lE a}?y 0-.5 "1" 1tamme ert, “i €n  ard testing equipment made by various companies, but not all who
ANCE VALUES, R the equivalent current alone paye the desire to possess this type of accurate equipment have the
0-5 MILLIAMMETER. THE is to be detelrmmed 111 respelct' means with which to satisfy the desire. Therefore a device that one
3 VOLT BATTERY AND to the needle on 90-30 scale. 1 ;14¢ himself, where the cost is relatively low, will serve the pur-
fggo gvl-ll'll\"ll-? IRAREETI!ZIE SFEORl{ ’slc‘:}:lse l;u;nl?;rstaréti'v esn;ce.eiatti}\lri pose nicely, if it will provide the required measurements, and also
RESISTANCE WORK. values, while the table affords 0 Aitord the accuracy.
Meter Milli- current calibration. The ri:- Uses Two Meters
Reads  amperes Ohms :éi?ri]%evo‘fss}u:; d :pg) %)}60 gﬁn); In general, the accuracy depends on two things: first on the
.25 00416 714,000 resistor are connected in meters themselves, and second on the series resistors used for volt-
5 00833 354,000 o T el age multipliers, or shunt resistors used for current multipliers.
1 01666 174,000 ’ ! When resistance is to be measured, the voltage of the dry cell or
1.7 0283 100,000 It can be seen that the unit )15 ynder load must be the voltage that was taken into considera-
2 0332 84,000 scale divisions give many re-  yjon when selecting the limiting resistor used for ohmmeter work.
3 05 54,000 sistance values in round num- Two meters are used in the Model T-1 Tester. One is a galvano-
3.2 0536 50,000 bers, which is helpful. These eter that at full-scale deflection, on either side, represents a cur-
30 0635 .0652 40,000 round numbers_are the actual e 6w of 0.5 milliampere. The scale has 30 divisions each side
4 067 39,000 precise values. However, there ¢ o1 No matter what multipliers are used, when the instrument
5 083 30,000 are commercial values of re- ¢ thus constituted as a voltmeter it has a resistance of 2,000 ohms
6 1 24,000 sistance that do not come out  por yo1t  The definition of the ohms-per-volt rating of a voltmeter
6.9 115 20,000 in round numbers, in respect g that, at full-scale deflection, the rating in ohms per volt is the
7 1167 19,700 to unit devisions of that scale. e and multiplier resistances divided by the voltage. The meter
8 133 16,500 Therefore some decimal scale  ogictance usually is negligible in instruments that are sensitive.
9 15 14,000 values are included, and at- This, if the voltage at full-scale deflection is 300 volts, and the
10 1666 12,000 taining the decimal has to be meter-and-multiplier resistance 600,000 ohms, the ohms-per-volt
11 1833 10,370 done by estimating with the rating is 2,000. To obtain the ohms-per-volt at full deflection, divide
11.25 -1875 10,000 eye when reading the meter. (pe number 1 by the current in amperes. A better way to rate the
12 2 9,000 . It will be seen that 100 ohms  peter would be to state its full-scale deflection current directly, as
13 :;;Z z,gzg 1sh tzxe lowtt)ast reS}lSta:::dVilhu_z ohms-per-volt, at less than maximum reading, does not mean num-
14 y at can be easily , thi )
& - 6,000 ot a setting of 29.5 on the ber of ohms for each volt measured .
16 267 5,250 scale, while theS hi;zhes{l easily Meters ldentified
16.3 272 5,000 read value is 354,000 ohms. With an d . . i i
y good meter stating relative values the full-scale de
17 -284 :'ggg The valule 207 o}éms fo(‘i 29 flection current can be obtained from the manufacturer’s catalogue, |
17.5 -282 o on the fscazeoomaﬁ' N qs: "M or by correspondence with the manufacturer, or it may be meas-
18 3 s tes]tmg or @l [REIH] Ianc? ured, if you have another sensitive current meter. Suppose you %
19 317 s A UES] lg;(n?e cq;inmertcxg ‘-365 have a 0-1 milliammeter. Then you connect this in series with the
19.1 318 g’ 00 sistors likely wi nI(\)I 2e8 y meter to be measured and note what the reading is on one when
g(l) gg“ Z’ggﬂ ?}?Z :ce:lte %:;;r?)?'use do‘for 4%8 the other’s scale is fully deflected, since the same current flows
. ’ d through both.
21.15 353 2,500 ohms. After 500 IOh':“S’ exthe:l In this way the full-scale current of the galvanometer was de-
~ fisz C e by natural result '3. roun termined to be 0.5 ma, the measuring meter being a 0-1 milliam-
225 375 2,000 numbers for unit rea 1?gs, OT  meter. The measurement was made because the Weston instru-
23 383 g by mterPolated decimal read- o5 used, a DC galvanometer, was being checked to determine if
24 4 1,500 ings of the scale, the corrina&t)l it was like another DC galvanometer of the same manufacture,
25 417 1,200 values provided fog 6’&)& 3’500’ which had .667 milliampere full-scale deflection, or about 22 micro-
25.7 428 1,000 1,500, 2,000, 2,500, 3, "100000,  2mperes per division, but it was found the instrument at hand drew
26 434 924 4,000, 4,500, 5,000, 6,000, 10, 4 cnly 0.5 ma at maximum, or 16.67 microamperes per division. The
27 45 667 20,000, 30,000, 40,000 50,000 an same meter can be duplicated, since it is a 0-1 milliameter with the
gg-s :g; igg lo%(l)?}?oggrst'he tisiven liets zero pointer setting at center, instead of at one end.
29 .483 207 tance value is given as 714,000 What Can Be Measured
§g'5 f;gz wg g,},’é“ :(') ,t-}elésd I;z?-:;i]sy'a i The other meter is a Weston 0-100 milliammeter. It is included

principally to enable simultaneous reading of plate current with
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at 2,000 Ohms Per Volt

B. Herman

other voltage or current readings with the other meter, useful in
running curves on tubes, or checking up receivers.

The main measurements to be made with the device as constituted
by the two meters and adjuncts are as follows:

Current

0-0.5 DC ma, the current values at each particular division and
at some decimal divisions being given on an accompanying table,
other values to be estimated from the meter reading, since the
current is directly proportional to the scale. Also, without any
particular regard to the amount of current, the instrument is used
as a galvanometer to determine the zero current condition required
in constructing or using bridge circuits for DC resistance meas-
urements, in other words, as a balance indicator.

0-6 DC ma, by incorporation of a shunt resistor of 2.45 ohms.
The connection is made between jacks of two adjoining receptacles,
instead of across onec receptable, to avoid a switch. This range is
necessary, because the 0-100 meter has 5 ma per scale division, and
the determination of smaller current values, other than 2.5 ma,
would include too much guesswork. The 0-6 ma scale is valuable
indeed in measuring plate current change when the grid voltage on
a tube is varied in minute values, which voltage measurement is also
furnished by the Model T-1.

[ 0-100 DC ma, the range of the other meter. This instrument is
in series with the plate circuit, between the tube sacket of the re-
ceiver being tested, and the tube that is taken from the receiver
socket and placed in the proper tester socket. But, by closing the
only switch used (pulling up the knob, unlike the action of most
other switches) the 0-100 ma may be used independently, for ex-
ternal measurements, but not when the tester plug is in a receiver.

Resistance

100-714,000 ohm DC resistance meter, constituted of a 6,000 ohm
series resistor and two 1.5 volt flashlight cells. The resistance
values for the thirty unit scale divisions are given in an accompany-
ing table, as well as for some decimal scale divisions.

Voltage

0-3 DC volts, a scale for close reading of low voltages, especially
bias, useful in testing tubes, in conjunction with the 0-6 ma scale,
although in this particular regard (reading the small bias voltages
and small plate currents) the same meter is used, hence only one
reading is obtainable at a time. The same 6,000 ohm resistor is
used as for the resistance measurement.

0-30 DC volts, for measuring larger bias voltages, and other
voltages.

0-300 DC volts, for measuring plate voltages particularly.

Seven Distinct Uses

Therefore from two meters, seven distinct uses are obtained, all
the voltages being read on a 2,000-ohms-per-volt voltmeter.

The meters and their uses are independent of the test circuit,
except for the 0-100 milliammeter, which, by the switching arrange-
ment, is made available for independent use. The reason for con-
stituting the device this way is that many tests are made inde-
pendently of radio receiver trouble-shooting and testing, and
therefore the requirement of independent meters is at least as great
as that for receiver testing.

However, two special adapters, one for the five-prong socket,
another for the four-prong socket, enable the connection of a
plugged cable for cutting in the current meters for 0-0.5 ma and
0-6 ma cathode, control grid, screen grid or plate circuit (since
current indicators must be in series with the circuit), while the
voltmeter scales may be used, without regard to polarity, by touch-
ing test leads to the desired points on the adapters between which
the voltages are to be measured.

Reason for Ground Post

In this connection it is well to stress the desirability of a ground
connection. The bias voltage on heater type tubes, for instance, is
usually the voltage between cathode and ground, and it can be
measured accurately by the voltmeters. However, it is not pos-
sible to pick up ground infallibly, since the only possible access
thereto would be the grid of general purpose tubes, or the control
grid of screen grid tubes, as these go eventually to ground. In
radio frequency circuits this would be all right, but in audio cir-
cuits a high resistance load is in the grid circuit, and in resistance
coupling it constitutes a very high DC resistances through which
the meter current would have to flow. Therefore a binding post
has been provided for connection by a wire to the ground post
of the receiver for accurate measurement of bias voltages.

Symmetrically placed in respect to this ground binding post is
another binding post, this one for the control grid when screen grid
tubes are to be measured. A flexible wire lead with grid clip at
one end is installed in between the two sockets, and knotted, so that
it can not be pulled out either way. Then this lead is carried on
to the control grid post on the tester.

When a screen grid tube is removed from a receiver and placed
in the tester the control grid connection is not made automatically,
but a grid clip, attached to a wire, remains “open” in the set.

5f
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]
e

O

Drilling dimensions for the panel.

Therefore a wire lead, with cap at one end corresponding to the
cap of a screen grid tube, is connected with bared terminal to the
control grid binding post of the tester, while the grid clip in the set
is placed on the cap of the wire. The object of the post is simply
to protect the tube in case of accidental strain on the lead running
to the control grid in the set. Sometimes a man will forget to re-
move all leads, and it seems to be a popular form of forgetfulness
to try to walk away with the tester when the control grid clip is
on the tube in the tester and the other end of the lead is in the set.
The result usually is that the tube is ruined, in fact, the cap is
totally dislocated and even the envelope punctured.

The independence of the meters from the testing circuit (except
in the modified instance of the 0-100 milliammeter) requires that
connections be made to the circuit. Test leads are used for this
purpose. Since twin assemblies of the type familiar for speaker
and phonograph connections are used, and as the jacks therein re-
quire plugs, the familiar speaker tip plugs are soldered to one end
of the pair of test leads, while at the other end are connected tip-
plugs, but with shorter shanks, since the receptacles into which
they are to fit (eyelets in the special socket adapters) will not take
the longer shanks.

The Special Adapters

As for these special adapters, they simply provide access to the
voltages and currents in the tube and circuit under test. For each
element there are two eyelets side by side. One connects to the
tube prong. The other goes on to the cable at the other end of
which is UY. plug. A four-prong plug adapter enables use of the
same cable plug, in insertion in receiver’s tube socket. A U-shaped
brad establishes the continuity, and as this brad is removable, ac-
cess to the current is available for such measurements, and, with-
out removal, access to tlie voltages as well.

So the procedure is to place the special adapter (known as the
Best, from the name of the manufacturer) in the tester’s socket,
and put the tube in the spring receptacles that jut upward from the
adapter. Moreover, these spring receptacles may be used for volt-
age measurements instead of the brads, if desired.

One of the special adapters has four prongs, the other five, so.
all types of tubes may be tested with them. The tester itself has
two sockets, for the same object of taking care of all types of tubes.

Screen Grid Tube Terminals

Only the screen grid tube causes confusion among experimenters.
There are two tvpes, the battery type (222 and 232) and the AC
type (224 and G-51 variable mu tube). The battery models go into.
the four-prong spring socket. The filament is familiar. The screen
grid contact made to the tube prong is what is normally the plain
grid of a general purpose or power tube. The cap is the control
grid and is one of the two points of input to the tube, the other

‘usually being ground. The AC types follow the same lines as to

screen grid and control grid, but there is an extra element, the
cathode, or electron-emitter, hence a five-prong base is used.

The tester will measure grid current, although hardly in absolute
values, since such current is very small. In certain detector circuits
and in amplifier circuits that are overloaded, grid current will flow,
so that registration is noticeable on the galvanometer scale. Since
the galvanometer measures 16.7 microamperes per scale division, it
is quite easy to determine grid current flow if it is only 4 micro-
amperes, although, as stated, the determination of absolute value
is not practical.
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FIG. |
The circuit of a Wheatstone bridge for measuring unknown
resistances.

HEN resistances are to be measured accurately an instru-
ment known as a bridge is employed, and for quick
and routine measurements the Wheatstone bridge is
used, which is a very simple device both in principle and in use.
The principle of this instrument is best explained by means
of a diagram, such as Fig. 1. Four resistances, R1, R2, Rs
and Rx are connected in series in the form of a square or a
parallelogram. A battery or other source of electromotive
force is connected in series with one diagonal and a balance
indicator, usually a sensitive galvanometer, is connected in the
other diagonal. That is to say, the battery connects two
opposite corners and the balance indicator the other two.
It is clear that in general a current will flow through the
meter M in Fig. 1. The only time when it will not flow, the
battery being connected, is when the circuit is balanced. Off
balance the current through the meter will flow in either direc-
tion, depending on the values of the resistances. Because the
current may flow in either direction when the bridge is unbal-
anced, the meter should be of the type which reads in either
direction, that is, one with the zero in the center. Nearly all
galvanometers and many sensitive milliammeters are of this
type.
Condition for Balance

The relationship that must obtain among the four resistances
when the bridge is balanced can be obtained with little diffi-
culty., When no current flows through the meter the same
current flows through R1 as through R2. Likewise, the same
current flows through Rs and through Rx. Let these currents
be indicated by Il and I2.

Also, when no current flows through the meter the potential
difference across it must be zero, for if there is no current
there is no voltage drop. Hence the potential at the junction
of Rl and R2 is the same as the potential at the junction
of Rs and Rx. Hence the voltage drop in R1 must be equal
to the voltage drop in Rs and the voltage drop in R2 must
be equal to that in Rx. Therefore by Ohm’s law we have
the two equations R1I1 = RsI2 and R2I1 = RxI2. Divide the
second by the first, member for member. The left hand side
gives R2/RI1, I1 canceling out, and the right hand side gives
Rx/Rs, I2 canceling out. Since we divided one equality by
another equality the quotients must also be equal and we have
Rx/Rs = R2/R1. This is the relationship that must obtain
among the four resistances in order that no current should
flow through the balance indicator.

Construction of Bridge

Multiply the resistance ratio eguation by Rs and obtain
Rx = Rs (R2/R1), which gives the value of the unknown resist-
ance Rx in terms of the standard and known resistance Rs
and the ratio of two resistances R2 and R1l. Thus if we have

By Einar

a variable standard resistance and a means for varying the
ratio of R2 and Rl, we have a means of measuring a wide
range of resistance in terms of our standard.

It is customary to construct the bridge with one fixed resist-
ance, which may be either R1 or R2, one resistance variable
in large steps, which also may be R2 or R1, and one resistance
variable in small steps from one ohm to 11,110 ohms. This
must be Rs, the standard. Sometimes the standard is variable
from one ohm to 1,110 ohms. In the first case the standard
is a four dial decade resistance and in the second it is a three
dial decade resistance.

It is customary 1o arrange the resistance variable in steps
so that the ratio R2/R1 is multiples or submultiples of 10, so
that when Rs has been varied until balanced has been obtained,
it is only necessary to multiply or divide the reading on the
dials by multiples of ten.

Suppose we let R2 be the fixed resistance and let its value
be 1,000 ohms. Then R1 will have to be the one that
is variable in steps of multiples of ten. Let the values of Rl
be 1, 10, 100, 1,000, 10,000, 100,000, and 1,000,000 ohms. These
will make the value of R2/R1 1,000, 100, 10, 1, 0.1, 0.01, and 0.001,
respectively.

Let us assume that our standard resistance is a three dial
decade having 10 unit resistors, 10 tens and 10 hundreds.

Suppose now we wish to measure the resistance of an

Right or Wrong?

Questions

(1)—When the bias for a tube is obtained from a resistance
serving that tube alone, the bias remains constant regardless of
the plate current in the tube.

(2)—When the bias for a tube is obtained from a resistance
in the cathode lead the signal can swing the grid so much nega-
tive that the plate current is cut off much more easily than if
the bias is obtained from a battery.

(3)—A grid bias resistor reduces the amplification of a tube.

(4)—If the voltage across the primary of a power transformer
supplying a set is measured and also the current flowing into
the primary, the power taken by that set is obtained by multiply-
ing the voltage by the current.

(5)—The best way to ruin a dry cell battery is to test it
often with an ammeter.

Answers

(1)—Wrong. The bias is directly proportional to the plate
current so it cannot remain constant. When the plate current
is stopped entirely the bias is zero.

(2)—Wrong. As the signal swings the grid negative the plate
current is reduced. But this also reduces the grid voltage or
bias so that the plate current tends to remain where it was.
Thus it takes a much stronger signal to produce a given change
in the plate current when the bias is obtained from a bias
resistor than from a battery.

(3)—Right. The answers to (1) and (2) indicate why this is
so. The plate current through the bias resistor always changes
the bias in the direction opposite to the direction in which the
signal changes it. If there is no by-pass condenser across the
bias resistor this reduction in the amplification may be very
great.

(4)—Wrong. The power thus obtained is not the power used
by the set because part of it will be returned to the line. It
simply surges back and forth. Only that portion of the current
which is in phase with the voltage is effective in determining
the amount of power taken from the line.

(5)—Right. While taking a test with an ammeter is the best
way of finding the condition of the battery, the current is so
heavy (30 amperes) that frequent tests rapidly exhaust the bat-
tery. A much better way of testing a dry cell or dry cell bat-
tery is to measure its voltage when no current is taken, except
that required by the voltmeter, and again when it is delivering
the maximum rated current. For a No. 6 dry cell the rated
current is one-quarter ampere. If the voltage drops much below
1.5 volts per cell the battery is not in good condition.

The simplest way of testing the condition of a dry cell or dry
cell battery is to measure its voltage with a voltmeter that draws
an appreciable current, say one that has a sensitivity of 50 ohms
per volt and therefore draws 20 milliamperes at full scale deflec-
tion. If the internal resistance of the battery is high because of
exhaustion the voltage reading will be low. If a 1,000 ohms per
volt instrument is also available a reading with this should show
almost full voltage. If this also reads low, the battery is dead.
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unknown resistor. We put it in the arm for Rx in the bridge,
set the ratio at unity, that is, we use the 1,000 ohm resistance
for R1. Then we adjust the rheostat in series with the battery
to a high value so that no damage will occur to the meter when
we press the key switch. There will be a certain deflection
on the meter. Now set the unit and the ten dials on the
lowest stop and by means of the hundreds dial try to find a
balance. If the unknown resistance lies in the range covered
by this dial, that is, if the resistance is less than 1,000 ohms,
there will be one point where the deflection on the meter will
reverse. For example, at 700 ohms 1t may be in one direction
and at 800 in the opposite direction.

Set the hundred dial at 700 and next go to the tens dial
Move the pointer a step at the time and note the deflection
when the key is depressed. Again a point will be found where
the deflection will reverse. If the deflection is too small to be
observed, reduce the rheostat by an appropriate amount. Sup-
pose that we find the balance point to lie between 10 and 20.
Then leave the tens dial at 10 and go to the units dial and
repeat the process. A point will be found on this also where
the current in the meter reverses. Let us assume that it is
between 8 and 9. In order to see the deflection in either
direction, it may be necessary to reduce the rheostat still
further. We now know that our unknown resistance lies
between 718 and 719 ohms.

Tube Questions

Screen Grid Tube in Resistance Coupling

ILL a 224 screen grid tube in a resistance coupled ampli-
Wﬁer give enough output voltage to load up a 245 power
tube, and if the detector is a 227 operating on the grid
bias principle and coupled to the 224 with a resistance coupler,
will the audio amplification be sufficient? How should the
voltages on the 224 be adjusted to insure best results?—T.C.F.
The 224 will give plenty if it is adjusted correctly and there will
be enough amplification at audio frequency. Whether there will
be enough output to load up the 245 depends on the sensitivity
of the radio frequency amplifier. For the plate resistance fol-
lowing the screen grid tube use 250,000 ohms and make the
applied plate voltage 300 volts. That is, make it the same as that
applied to the power grid and plate combined. Make the grid
leak ahead of the power tube 2 megohms and the stopping con-
denser .02 mfd. The screen grid voltage may be 75 volts pro-
vided that it is applied through a 100,000-ohm resistor. The
proper grid bias is 1.5 volts, or a little higher. Since the bias
resistor must be very high, due to the low current, the bias may
be obtained from a 224 radio frequency amplifier, using a 300-
ohm bias resistor for this tube. Connect the ¢athodes of these
tubes together and also the two grid returns.

* * %

When to Use Power Detection

OULD it be advantageous to use a power detector when

\/‘/ the audio frequency amplifier contains three stages, the

last of which contains two 250 tubes in push-pull?—
B. W. C.

No, the only reason power detection is used is to permit the
elimination of all but the last tube in the audio amplifier, or
in some instances all but the last two stages. There is no sense
using power detection when there is so much amplification in
the audio frequency amplifier. Power detection does not in-
crease the sensitivity but rather reduces it.

x % %
Connection of Pickup Unit

S THERE any objection to connecting the pickup unit across
I the grid leak or in place of the grid leak of the detector?

When this is done does the detector tube become an ampli-
fier?—W.R. W.

Connecting pickup unit in this manner makes the detector tube
an amplifier with zero bias if the tube is a 227 or 224 and a posi-
tive bias when the tube is a 201A. The circuit will work, espe-
cially if the grid return is made to the cathode so that the bias
is not positive. When the pick-up unit is connected this way it
is necessary to kill the radio frequency tuner while the phono-
graph pickup unit is in use for otherwise the radio signals will
come through at the same time as the phonograph music. When
radio signals are being received the pickup unit should be dis-
connected entirely.

‘Range Resistance Bridge

Andrews

We may wish to know the resistance a little more accurately.
To get a more accurate estimate we have to interpolate between
the 8 and the 9 on the units dial. We do this by observing
the amount of deflection in each direction. Suppose, for example,
that when the dial is set at 8, the needle comes to rest at 20 on
the left and when the dial is set at 9 the needle comes to
rest at 5 on the right. Then one ohm changes the deflection
by 25 units on the scale of the meter. Obviously, the balance
point is nearer the 9 than the 8, judging by the deflections.
Hence the fraction of an ohm that must be added to the 8 is
20/25, or 0.8. Therefore our unknown resistance is 718.8 ohms.

The process for measuring higher or lower resistances is
exactly the same, except that the ratio would be different.
Suppose, for example, that we had set Rl on 10,000 ohms.
The ratio then would have been 0.1, and our unknown resist-
ance would have been 7188 ohms. And if we had set Rl
on 100, our ratio would have been 10 and the unknown resist-
ance 7,188 ohms. If we had used the largest value of Rl, the
unknown would have been 0.7188 ohms and if we had used
the smallest value of Rl it would have been 718800 ohms.

Range of Bridge

Since the decade resistance contains ten units, ten tens,
and ten hundreds, the highest reading is 1,110 ohms and the
lowest is one ohm. Since the highest value of R2/R1 is 1,000,
the highest resistance that can be measured with this bridge
is 1,110,000 ohms, and since the smallest value of R2/RI is
0.001, the smallest resistance that can be measured with the
bridge is 0.001 ohm.

The measurement of the extreme values will not be as
accurate as measurements in the middle of the range, because
it is more difficult to find the exact balance point. Any
measurement cannot be any more accurate than the accuracy
of the three resistances in terms of which the unknown is
measured. For this reason only accurate resistors should be
used in constructing the bridge. Moreover, if the decade
resistance and the ratio resistance are varied by a switch,
the leads to the taps and the contacts on the switches should
have negligible resistance.

We started out by setting the ratio resistance on 1,000 and
later proceeded to use the other taps. The question may
arise as to the method of selecting the proper ratio resistance
in case a balance cannot be found on the first, or 1,000 ohms,
ratio resistance. The answer to this is simply that if a balance
cannot be found on one ratio resistance, the next to it must
be tried. When the unbalance is greater after the change, as
judged by the deflection, the ratio resistance on the other
side must be tried. That is, if balance cannot be found on
the 1,000. ohm ratio resistance, try the 10,000. If this makes
the balance worse, try the 100. After the proper direction
has been established there is no longer any doubt as to which
way to go if a balance cannot be found either at 100 or 10,000.

The use of the rheostat must not be forgotten, for on it
depends the safety of the indicator meter. Always use as
much resistance as practical. Decrease the rheostat resistance
only when it is necessary to get a greater deflection. It
should be remembered that the absolute value of a deflection
is of no importance. It is only the direction of the deflection
when the key is pressed that counts. There is one excep-
tion, and that is when interpolation is used to estimate the
reading more accurately, and even in this case the absolute
values does not matter. The rheostat might well be adjusted
until the greater of the two deflections is as large as the
meter will permit. The other will then be in the proper pro-
portion.

Use of Shunts

If the indicator meter is provided with many shunts, they
may be used in place of the rheostat to protect the meter.
This is done in most cases. But the rheostat is convenient
in case a zero-center milliameter is used for indicator.

A head set may be used as indicator in the absence of a
zero-center instrument, but in this case a source of AC has
to be used in place of the battery, or else a switch in series
with the headset. If there is current in the bridge circuit
there will be a click in the headset when the key is closed
and opened. The headset has limitations in that it does not
permit interpolation for more accurate balance.

A vacuum tube amplifier could also be used for indicator
when high sensitivity is required. But this too is subject to
the limitation that it does not permit interpolation.

Wirewound resistors in units, tens, hundreds, thousands, ten
thousands, hundréd thousands, and millions of ohms are avail-
able at reasonable prices and they are held to an accuracy of
plus or minus one per cent. Resistors accurate to 0.1 of
one per cent can also be had but at much higher cost.
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Two-Volt Tubes on 110 v. DC

By Herbert E. Hayden
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HERE are several populous districts in the United States

where the electric power supply is 110 volt direct current.

Residents of these disticts cannot use the modern AC sets
without a machine for converting the direct current to alter-
nating, and this machine often costs more than the radio re-
ceiver itself. Few there are who care to expend the extra
money and most people living in these districts either use
battery sets or receivers operating directly from the 110 volt
DC line.

But in either case the cost of running the receiver is so high
that it would almost pay to install the converting machine men-
tioned for it would soon pay for itself. Suppose, for example,
that the set contains a number of 224 or 227 tubes with their
heaters connected in series. These tubes require a heater cur-
rent of 1.75 amperes, and therefore the total wattage is 192.5
watts for the heaters alone. Adding the wattage of the plates
puts the total well over 200 watts. Assuming that the set is
operated five hours a day, the total energy is one kilowatt-hour
a day. With power costing 7.5 cents per kilowatt-hour the
cost of operating the set is just 7.5 cents a day, which adds
$2.25 to the monthly power bill. It would cost less than half
that for an equivalent alternating current set, and the electric
set would give much better results.

Reducing the Cost

If we use battery type tubes in the receiver and connect their
filaments in series we can reduce the cost of operation con-
siderably, but then we run into complications for not all the
tubes of this type that should be employed require the same
filament current, and the power taken from the line depends
on the tube requiring the most current.

The most suitable tubes for use in such receivers are the new
two-volt tubes, because when these are used the current taken
from the line will be small and most of the voltage is available
for the plates and the screens. Two of the two-volt tubes
require 60 milliamperes for the filaments and one, the power
tube, requires 130 milliamperes. Hence the current is deter-
mined by the power tube if one of them is used in the circuit.
A set with these tubes will only require 14.3 watts for the
filaments, which is a great saving over 192.5 watts.

If a great deal of volume is not required, but sufficient for
entertainment in a home, a receiver built with two 232 screen
grid tubes, two 230 tubes, and one 231 power tube is satis-
factory, and this can be powered entirely from the 110 volt
line, with the exception of a grid bias battery.

Connecting Filaments in Series

The filaments of the tubes should be connected so that the
plate voltage is as high as possible on all the tubes requiring
a high voltage and also so that the grid bias is provided for
as many tubes as possible. The method of connecting the fila-
ments is best illustrated with an example, such as the circuit
in Fig. 1.

In this five-tube receiver the power tube is placed at the
extreme negative end of the filament series for this allows the
highest plate voltage on this tube. If the line voltage is 110
volts the voltage applied to the plate of this tube is also 110
volts. The other tubes requiring a high plate voltage are the
two screen grid tubes, and the second of these should have the
higher voltage if there must be a difference. Hence the filament
of the power tube is run to that of the second screen grid tube,
for which the wire runs to the filament of the first screen grid
tube. Now there are only two tubes left, and of these the
detector requires the lower voltage. Therefore the filament wire
is run from the first screen grid tube to the 230 audio frequency

amplifier tube and thence to the detector filament. The positive
end of the filament of the detector connects with a filament
ballast resistance in the positive lead of the power line.

Decrease in Plate Yoltage

The decrease in the plate voltage as we go up the series is
only two volts per tube. The power tube gets 110 volts, the
second 232, 108 volts, the first 232, 106 volts, and the first audio
104 volts. This is on the assumption that the line voltage is
just 110 volts and that there is no appreciable drop in the filter
choke. The voltage on the screens of the 232 tubes and on the
plate of the detector is variable by means of a 30,000 ohm
resistance.

The grid bias for most of the tubes is obtained by returning
the grids to appropriate points on the filament series. Thus the
first grid is returned to the negative end of the filament of the
second tube, which gives the first grid a bias of two volts, the
drop in the second tube filament. The grid of the second tube
is returned to the negative end of the power tube filament, which
also assures a bias of two volts for the second tube. The reason
is that the power tube is the only one below the second tube in
the filament series.

The detector grid is returned to the positive end of its own
filament, which 1s correct for the type of detection indicated.
The first audio tube has a low mu and requires a higher bias
than the screen grid tube. The grid is returned so that the bias
is four volts. This is not quite enough in view of the fact that
the plate voltage is 104 volts instead of 90 volts, but it will work.
If it is desired to give this grid 6 volts it may be done by return-
in% the grid to the negative end of the filament of the power
tube.

Since the power tube is located lowest in the series it is not
possible to provide a bias for this tube by the drop method
without sacrificing too much voltage that should be used on the
plate. Hence the bias for this tube is provided by means of a
small 22.5 volt battery. This voltage is too high in view of the
fact that the plate voltage is 110 instead of 135 volts. But it is
not necessary to use all the voltage in the battery. The proper
voltage is about 18.5 volts. The grid battery used should be such
that it can be tapped at every cell.

The power tube takes 130 milliamperes and the rest only &0
milliamperes. Hence it is necessary to provide a path for the
extra 70 milliamperes. This we do by connecting a resistance R
of 114.2 ohms in shunt with the tubes requiring only 60 milliam-
peres. This resistance is connected from the positive leg of the
;S>ower tube filament to the positive leg of the detector filament.

eventy milliamperes flow through this 114.2 ohm shunt and 60
through the tubes and the two combine to make the total cur-
rent through the power tube 130 milliamperes.

The ballast resistance Rh is determined on the basis that the
current through it is 130 milliamperes and that the voltage drop
must be equal to the difference between the line voltage and
the drop in the filaments. Since the drop is 10 volts for five
tubes and the line voltage is 110 volts, the drop in Rh must be
100 volts. Thus the resistance should be 770 ohms. Since the
line voltage may vary considerably it is best to provide a resist-
ance which can be varied between 500 and 1.000 ohms. The
power rating of this resistance should be 13 watts or more.

Object of Circuit

The object of this circuit is not to give detailed description of
a receiver but to show the order in which the filaments should
be connected, how the plate supply should be arranged, and how
the grid bias is obtained. The circuit is complete, however, so
that a successful receiver may be built around it. All essential
values are given with the exception of the tuning coils and
tuning condensers.
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Diamond Tuner with Drum

Hammarlund Dial Permits Satisfying Diverse Installation Requirements

[In last week’s issue, dated March 7th, five Diamond Midget
circuits were described. These were an AC tuner without B supply,
an AC tuner with B supply, a complete AC receiver, a battery-oper-
ated tuner and a battery-operated receiver. The battery models
used the 2-volt tubes. The radio frequency amplifier consists of a
twice-tuned nput, with two stages of screen grid RF and untuned
coupling to the detector to build up the amplification at the lower
radio frequencies. The AC tuner with B supply was shown as using
a flat type dial, while this weck the same circuit is shown with a
drum dial, heaters being in series—Editor.]

OR some installations a disc
type dial will not suffice,
therefore a drum dial must

be used. The reason is that
some persons prefer to house the
tuner and other equipment in a
special cabinet, one that has fur-
niture effects that interfere with
centered location of the dial
knob, but do permit the location
of an escutcheon through which
the dial scale is read. Fig. 1 is
an example.

The tuner may be built to ac-
commodate such needs, as shown
in the chassis photograph, while
the circuit is the same as that
published for the Diamond HB
Midget. The Hammarlund drum
dial model permits the location
of the actuating knob at a dis-
tance from the scale equal to the
length of the tuning condenser
plus shaft extensions.

./
This  cabinet formerly
housed only a speaker.
The Diamond tuner was
installed therein with
power amplifier and Far-
rand inductor dynamic,
by an ingenious method
described in the text.

Distance Measured

The question may arise, just
how far back from the front ele-
vation should the tuning con-
denser be mounted? The meas-
urement is taken from the dial
drive, from the hub center to the
front bracket that goes on the
panel.

Of course, for all uses where
the drive is separated from the
scale by the condenser length, the condenser must have shaft
protruding at both ends. The Scovill three-gang .000S mfd.
condenser has this advantage.

How Installation Was Made

The installation in which this circuit was used, as illus-
trated, called for the location of the extra-long drive shaft
on the right-hand side, and made it imperative that the scale
should come exactly in the center of the cabinet front. This
left little leeway, but it so happened that the two requirements
were met without any trouble. The parts just happened to
fit that way.

The cabinet used, a beautiful Sonora mahogany model
formerly housing a speaker, required the shaft hole to enter
the fourth square from top right. The baffle was cut
at center, and escutcheon placed at rear. The volume control
was put at left, four squares down. Then a Farrand 10-G
speaker was put inside with power amplifier.

The tuning condensers have 34-inch diameter shafts, as dis-
tinguished from the more common Y-inch shafts. Howover,
a reducing coupler (coupler takes I4-inch shaft) permits
the moving of the scale farther from the tuning condenser,
if such is the requirement. The same holds true of position-
ing the drive mechanism farther from the condenser, at the
opposite end.

For Other Console Installations

Thus the drum dial model meets diverse requirements, includ-
ing even the mounting of the drive close to the scale itself,
preferably on the right-hand side of the scale, since most per-
sons are right-handed. This is done by connecting a reducing
coupler (X-8) to the condenser shaft, a ¥4-inch diameter flexible
coupler to the extension coupler, a two-inch long shaft to one
side of the flexible coupler, putting the drive on this shaft,
the other end of the shaft through the scale hub.

Also for regular console installation the tuner may be at
right and power amplifier at left, on separate chasses, the scale
clearing the space between.
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The Diamond HBD Tuner, using a drum dial. The B supply is
built in. The 8 mfd. condenser is mounted inverted, between
227 rectifier and first RF tube, penetrating a socket hole.

LIST OF PARTS
Coils

One shielded antenna coupler for .0005 mfd. (15-75)
One shielded tuned impedance RF coupler for .0005 mfd. (75)
One shielded interstage screen grid coupler for .0005 mfd. (25-75)
Five 800-turn duo-lateral wound RF choke coils
One t(::opper shielded 50 mlh radio frequency choke coil (SH-
RFC)
One filament transformer for series heaters (FTSH)
One 30 henry choke (K-30)
Condensers
Two 1 mfd. condensers (POL-1)
One 8 mfd. electrolytic (C-8)
One 0.6 mmfd. Hammarlund fixed condenser (FC-6)
Four 100 mmfd. Hammarlund equalizers (EQ-100)
One three-gang Scovill .0005 mfd. tuning condenser, brass
plates (SC-3G)
Four blocks, three 0.1 mfd. condensers in each block (SUP-31)
One .0015 mfd. fixed condenser (MICON-15)
Two 00035 mfd. fixed condensers (MICON-35)
Resistors
One 4.3 ohm fixed resistor, 2 ampere rating (CL-43)
One Electrad 150 ohm flexible biasing resistor (EL-150)
One 2,250 ohm fixed resistor (FR-225)
One 250,000 ohm potentiometer (POT-250)
Two .02 meg. pigtail resistors, 20,000 chms (PGT-02)
Other Parts
One 974x915x254 inch metal subpanel, with socket holes drilled
(DHPT-SP)
Four UY sockets (YSO)
Two knobs (KB)
Four binding posts (for antenna, ground and output)
One AC shaft type switch (STSW)
One Hammarlund drum dial, 100-0, bottom up, with scale,
escutcheon and drive
One 25-ft. roll of slide-back hookup wire (HW)
One AC cable (CAL)
One male plug (MP)

One 1 ampere fuse with holder
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A Question and Answer
Department conducted by
Radio World’s Technical
Staff. Only Questions
sent in by University
Club Members are ans-
wered. Those not ans-
wered in these columns
are answered by mail

Radio University

Annual subscriptions are
accepted at $6 for §3
numbers, with the privil-
ege of obtaining answers
to radio questions for the
period of the subscrip-
tion, but not if any cther
premium is obtained with
the subscription.

3 (1]
i AVERAGE OUTPUT CHARACTERISTICS || |
o 0F 780 IN TYPICAL
T 55 RECTIFIER CIRCUIT B
e —— COND.INPUT To FILTER B
T 00— ~-- CHOKE INPYT TO FILTER |
o Ef =5.0 VOLTS (RMS)
o ~J
§ 450 \ \\\
= ~
o> 400 ~2 .,
2 = \\ %&r
5 \ ‘\ & -
= 350 — > 2oy, <
3 \:}\ YS{“‘.@,D
=3 - ; T X5,
- Ny =590t 0,,
c;,*soo )y SN p“,;_fl
—
é 156 E
=)
L)
00

150

0 40 60 80 100 410 440 60
PC. LOAD CURRENT - MA.
FIG. 898

A set of regulation curves for a 280 rectifier tube in a

typical circuit, the curves including the resistance of the

power transformer windings connected to the tubes, the
resistance of the tube itself, and that of one choke.

Meaning of Regulation

HAT is meant by the regulation of a transformer or a B
v‘/ supply? Does it have anything to do with a voltage control
such as a rheostat in the circuit? If you have any curves
i/lustrating regulation will you kindly publish them?—S. G. H.
By regulation is meant the change in output voltage with change
in current drawn. If the voltage remains constant as the current
changes the regulation is perfect, but if the voltage drops rapidly
as the current increases the regulation is poor. The change in the
voltage as measured at the output terminals is due to the resistance
in the source of voltage, such as the winding of the transformer, the
line, the B eliminator, or battery. When the regulation is perfect
the internal resistance is zero. This is practically true of storage
batteries and even of dry cell batteries as long as they are fresh.
In Fig. 898 is a set of regulation curves for a 280 tube in a full-
wave rectifier circuit. These curves include one choke coil. The
dotted curves on this graph show a better regulation than the full
curves because the voltage does not drop so rapidly as the cur-

rent increases.
* % %

Determination of Bleeder Current

N a B supply the bleeder current depends on the value of the
I resistance in the voltage divider. What is the basis on which
the resistance and the bleeder current are determined?—C.F.L.

On common sense, mostly. If the receiver draws so much cur-
rent that the B supply is operating near the maximum current that
should be drawn when the bleeder current is not counted, one
naturally decides on a resistance such that the bleeder current is as
small as practical. If, on the other hand, the receiver does not take
much current it is permissible to use a lower voltage divider re-
sistance and so allow more bleeder current. The actual value of
the voltage divider resistance is determined by the voltage across
it and the current desired through the resistance. It is only the low-
est section of the voltage divider which carries the bleeder current

alone. The higher sections also carry plate current. This current
must also be taken into account when determining the resistance

values.
Y screen voltage decreased to reduce the amplification in the
. receiver cross modulation is increased. If there is any way
in which this can be avoided without resorting to different tubes
will you kindly explain the method?—L. N. B.

. :I‘here is only one proper place for the volume control, and that
is in front of the first tube, either in the antenna circuit or the grid
circuit of the tube. To decrease the output decrease the input. Per-
baps the best device for doing this is a high resistance potentiometer.
If this is put in the grid circuit make the resistance at least half
megohm and connect it across the tuning condenser. The slider
goes to the grid. If the potentiometer is connected in the antenna
circuit you can make the resistance 30,000 ohms. This should be
connected across the primary :vit,}: tl:e antenna going to the slider.

* x %
Volume Control Placement
OU have explained that when the grid bias is increased or the

Reverse Feedback for Volume Control

S I understand it, an automatic volume control is a device for
feeding back direct current through a resistance in such a
manner that the grid bias is increased when the current is in-
creased. If this controls the volume automatically why would not
reverse feedback do the same? That is, why could not a tickler be
%{frail{ged so that it cause degeneration instead of regeneration?—
Reverse feed back will not control the volume automatically. It
will simply reduce the sensitivity of the receiver, and it will do this
for weak as well as for strong signals. It does not reduce the am-
plification in proportion to the strength of the signal, which an
automatic volume control must do.
* ok ok

An Absurd Discrepancy

HAVE a resistance coupled amplifier in which the plate coupling
I resistances are 100,000 ohms and the applied voltage is 180 volts.

The tubes are 227s. The grid bias is 13.5 volts. Tables giving
the current for the 227 tube with 180 volts on the plate and 13.5
volts on the grid give six milliamperes. Now if I multiply the plate
current by the plate load resistance I get 600 volts. But I apply
only 180 volts in the plate circuit. Where does the excess voltage
come from?—V, C. W.

The excess voltage comes entirely from your imagination. You
assume that the plate current is 6 milliamperes just because the
tables on the tube give this current. But you don’t have 180 volts
on the plate. According to your calculation you should have minus
420 volts on the plates. Suppose you connect a 100,000 ohm re-
sistance in series with a 180 volt battery. What current do you
get? You get 180/100,000, or 1.8 milliamperes. You canot get
any more than that in the circuit. Indeed, you will get much less,
for there is the internal plate resistance of the tube also. The fact
is that you will not get more than about one milliampere. If you
get that, the plate voltage will be 80 volts, for there will be a drop
of 100 volts in the coupling rssisiange.

Measuring Mutual Inductance
LEASE suggest a simple method of measuring the mutual in-
ductance between two equal coils. I have in mind two coils
used for intermediate frequency transformers with tuned
primary and tuned secondary. I have a calibrated oscillator
covering a rather wide range of frequencies. I should like to use
this if possible—C. D. C.

Mount the two coils in the position in which you want their mu-
tual inductance. Then connect them in series and also connect a
small condenser across the two. This forms a resonant circuit, the
natural frequency of which you can measure with the oscillator.
When you have found the frequency reverse the connections of the
two cofls under measurement, without disturbing their positions,
and again measure the frequency. The tuning capacity in the two
cases may be assumed to be the same, but the inductances will be
different. If L is the inductance of each coil and M the mutual in-
ductance between them, the inductance in one case, that for which

“ the frequency is lower, is 2 (L 4+ M) and in the other, that for

which the frequency is higher, is 2 (L—M). If the two meas-
ured frequencies are F1 (low) and F2 (high), we have (F1/F2)%=
(L—M) /(L + M).. From this we can determine M in terms
of the frequency ratio and the inductance of either coil. If we
want to determine the value of L, we have to know the value of C,
the condenser in question. Suppose this is 500 mmfd. Connect this
across one of the coils and measure the natural frequency of the
circuit formed. Let this be F3. Then L = .0253 / (F3)2C. If the
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frequency_is measured in cycles and the capacity in farads, the in-
ductance is given in henries. If this value of L is substituted in
the preceding formula containing M, its value can be obtained in
henries. This is not very simple but it does make use of your
oscillator.
* % %
Intermediate Frequency Coil
WISH to make intermediate frequency transformers to be
peaked at 480 ke, using .00035 mfd. condensers and 100 mmfd.
trimmers. I have some tubing 1.75 inch in diameter and a quantity
of No. 32 double silk covered wire. How many turns should I use
for the tuned windings? I plan to tune both windings and put them
on different forms so that I can vary the coupling to get a band
pass effect.—A, L. W.
Use 80 turns for each tuned winding. This assumes that you use
.00035 mfd. and one-half of the trimmer condenser.
*x *x X
Superheterodyne Pointers
WISH you would explain a peculiar phenomenon in my super-
heterodyne, a short-wave receiver. When I tune the oscillator the
volume increases gradually, then the set suddenly stops playing,
and as I turn the oscillator dial still further the signals suddenly
come back. As I turn still further the volume decreases. The
i\xgnsals v‘;top with a click and come back with another click.—

This phenomenon is what is called interlocking of the tuned cir-
cuits and is directly due to too close coupling between RF and
oscillator tuned circuits. It may be that the pickup coil is too large
and too closely coupled to the oscillating circuit. Or it may be
that the intermediate frequency is not high enough. Again, it may
be due to lack of by-passing of the battery leads. Regardless of
the immediate cause, it is always due to too close coupling between
the two tuned circuits. It is met more frequently when the inter-
inediate frequency is relatively low, and for that reason it usually
happens when the shorter waves are tuned in, because as the signal
frequency increases the ratio of the intermediate frequency to the
signal decreases, or the difference between the oscillator and RF
frequencies decreases relatively. By-pass all common impedances,
such as those of the batteries or B supply, grid bias resistors or
grid batteries, and various leads used by both the oscillator and the
RF tubes. Also put the two coils far apart or put shields between
them. If these do not help, reduce the number of pick-up turns on

the oscillator coil.
* K %

Variable Mu Tubes
N THE February 28th issue you published a discussion of a
I variable mu screen grid tube. Is it not a fact that all tubes have
variable amplification factors? What is there new about this
G51 tube?—T. F.

It is a fact that the mu of all tubes varies a little with the plate
voltage, but in the operating range the variation is so minute that
it may be considered a constant. The G51, on the other hand, has
an amplification factor that varies greatly as the grid voltage is
varied, especially as the bias becomes high. Ordinary tubes have
been designed geometrically so that the mu is to be a constant,
while the G51 has been designed geometrically so that its mu will
vary.

* * *
Scale Gives Resistance

N THE February 28th issue you published a scale by means
I which resistance can be measured with the aid of a 0-1 milliam-

meter. In the paragraph just above “Using Higher Voltage” there
is a formula which does not seem correct. I have tried to apply it
and I cannot get the values you give. Is the error in the formula
or in the computation? Can this scale be used also with a meter
having a 0-.5 milliampere scale?—S. W. O.

There is a mistake in the formula. The last I should be in the
denominator. The formula given just under “Calibration Formula”
is correct. Solve this formula for Rx or else write the other one
in the form Rx = 1,500 (1 — I)/I. In this formula I stands for
one milliampere and I stands for the meter reading in milliamperes.
The scale cannot be used dirictly “;ith a 0-.5 milliammeter.

*

Mounting Speaker in Wall

HAVE a closet in which I keep my radio set and control it
I from another room. This closet is back of a wall in the living
room and I have wondered if 1 could use the wall as a baffle
by cutting a hole in the wall. The loudspeaker would then be in
the closet with the set. I could make this hole so that I could also
mount the remote control on the wall without adding to the de-
facement of the wall. I realize that the hole in the wall will not
do the wall any good, but I am willing to do it if the arrangement
would prove satisfactory. I could easily treat the hole so that the
speaker would look like a picture—W. H. C. ) i
This would make the very best kind of baffle and if your set is
capable of a quality to justify the large baffle there could be no
serious objection from the electric or acoustic points of view. Thc
esthetic features are for you to decide. One complication may arise.
There may be considerable room resonance in the closet which
would tend to mar the effect. But if the closet is filled with cloth-
ing and other sound-absorbing material this trouble should not be too
serious. It could probably be remedied very easily by draperies
around the back of the speaker. Try the speaker in the closet be-
fore you cut the hole in the wall. Watch for two things, room
resonance or hooming and howling. The howling would be due to
microphonic troubles.
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IF Frequency of Superheterodyne
S IT possible to find an intermediate frequency for a super-
heterodyne that will not bring in undesired radio signals? I have
tried many frequencies in the broadcast band for a short-wave
super, and also frequencies above the broadcast band, but there is
always interference. What frequency do you suggest?—R. T. Y.

If it were not possible to find an intermediate frequency free of
interference no superheterodyne would be practical. But thcre are
many superheterodynes using different intermediate frequencies, and
niany of them are eminently practical. The only necessary con-
dition is that the intermediate frequency selected should be lower
than the lowest frequency which is to be received with the set.
Strictly speaking, there is no frequency which is free from inter-
ference because the entire frequency spectrum from about 15,000
cycles to 30,000,000 cycles is occupied.

If there is a strong station operating on the frequency selected it
is only necessary to shield the intermediate frequency amplifier
from the signals of this station so that they cannot enter the am-
plifier. To make this practical, the intermediate frequency should
be considerably lower than the lowest frequency to be received. For
example, if the lowest frequency to be received is 550 kc, it would
be all right to use 500 kc. However, it happens that there is con-
siderable ship traffic on this frequency, and it is just as well to
select a somewhat lower frequency to avoid this possible interfer-
ence. But 480 kc should be low enough. Most commercial super-
heterodynes now use 175 kc, which is all right for broadcast re-
ception, although it may be too low for short-wave work. The
reason for putting the intermediate frequency below the lowest fre-
quency to be received is to avoid the direct heterodyning when the
IF and the signal frequency are‘ths same.

*

Electrolytic Condensers

HAT determines the voltage rating of electrolytic condensers?

What determines the capacity >—L. W. .

The voltage rating depends on the forming voltage. The higher
the forming voltage the thicker the gas film which forms the di-
electric. The capacity also depends on the forming voltage because
the thicker the dielectric the lower the capacity. The capacity is
also directly proportional to the area of the opposing electrodes,
There is a limit to the forming voltage beyond which the plates will
not form. This depends on the material. For aluminum it is
around 400 volts.
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For Pormanent Repi t:
Write for descriptive catalogue “W’°
LYNCH MFQ. CO., INC., 1775 Breadway, New Yerx

RF CHOKES

HONEY COMB TYPE

RN
/

800-turn duolateral wound radlo frequency choke, induct-
ance 60 millhenrys, DC resistance 75 ohms. The dis-
tributed capacity is so low as to be negligible The
choke, therefore, may be used as plate circuit or grid
circuit load, even in short-wave sets and converters, and
will provide extremely high sensitivity with a low order
of noiss level, due to filtration by the choke. Suitable
for antenna input {(grid of first tube to ground) or for
filtration of plate and screen grid circults with condenser
of 0.1 mfd. to ground (extra).

The choke is wound of green silk covered No. 38 wire on
a pierced dowal, with bakelite base accommodating two
riveted lugs. Contact {s perfect. The dowel diameter is
1% inch, the hole through it (which may be used for
mounting device) passes 10/32 screw. The extreme coil
diameter is ounly 3 Inch. The distance between lug tips
is 1% Inches. The dowel protrudes % inch beyond the
bottom to prevent shorting where mounting is done on a
metal sub-panel. No particular polarity of connections
need be observed.

Two of these chokes may be used with an {solating
condenser of .00025 mfd. or higher capacity for radio
frequency coupling 1n  broadeast sets for amplification
peaked broadly around 600 meters to make the total RF
amplification more uniform and obviate the *‘rising char-
acteristie’” of tuned radio frequency amplification. 12 ma
maximum current rating. Order Cat. CH-800 @.. 350¢

DETECTOR TYPE

For detector circuit filtration,
to choke the radio frequency,
so It will not go through the
audio channel, use a 50 milli-
henry copper-shlelded
choké. This is supplied with
mounting bracket and two in-
sulated wire leads. No par-
ticular Dpolarity need be ob-
served. This choke s wound
of extra heavy wire. and its
DC resistance will not show up
on the wusual type ohm-
meters. Order Cat. SH-RFC
(25 ma maximum current rat-
ing) @ ol aseetlies - - 57¢

VOLUME CONTROL TYPE

Where & receiver is to be- built-to incorporate automatic
volume control, the shielded choke, consisting of two closely
coupled separate windings, may be used. Connect one
winding (yellow 1leads) from detector plate. to the
audic input.  Connect the two other leads (red and black)
as follows: Black to the slider of a potentiometer (400
ohms up. wlthout limit), red to the jolned grid and plate
leads of a 227 tube used as automatic volume contrel. Con-
nect cathode of that tube to ground (B minus), &nd the
grld returns of coils in controlled tube or tubes to arm
of the potentiometer. Put 1 mfd. from arm to ground.
Qifder Cat. DW-SHCH (maximum current rating, 25 néz;)

i (]

~ Hammarlund .8
denser, Cat.

DIRECT RADIO COMPANY
143 West 45th Street New Yorike City

mmfd. band
@

The Induetor dynamie
offers high sensitivity
and true tonsl response,
It requires no exeiting
fileld eurrent, unlike
other dynamics. Order
model R for 113 or
113A, and Model G
for all other output
tubes.

Cat. 9-G (9 extreme
outside dlameter) $8.49

Cat. 9-R

Cat. 12-G (12" ex-
treme outestde di-
ameter) [}

Cat. 12-BR

4§
GUARANTY RADIO GOODS CO.

143 W, 45th St.,, New York, N. Y.

Three 0.1 mfd. in One Case

Three Supertone
non-inductive fixed
condensers of 0.1 mfd.
each, (250 v.) in
steel case, provided
with a 6/32 mounting
screw. built in. The
black lead is common
to the three condens-
ers, the three red
leads are the other
sides of the respective
capacities. Size, 135" square by %" wide. Order
Cat. SUP-31, list price, $1.00; net price, 57c.

GUARANTY RADIO GOODS CO.
143 West 45th St.,, New York, N. Y.

The New Jiffy Tester

Chromium-Plated Case and Accurate Meters

NEW and improved

Jiffy Tester,improved

in both performance
and appearance, is Model
JT-N. The meters are of
the moving iron type.
Tested on precise batteries,
they show errors not ex-
ceeding 2%. As for appear-
ance, the case is first cop-
per plated, then nickel
plated, then chromium
plated, giving a lustrous,
permanent, non - peeling
non-rusting finish. It is the
same finish found on hard-
ware in fine automobiles.
The handle and lock strap
are genuine leather.

Jiffy Tester, Mode] JT-N, con-
sists of three double-reading
meters, with cable plug, &prong
adapter, test cords and screen
grid cable, enabling simultaneous
reading of plate voltage, plate
current and filament or heater
voltage (DC or AC), whea
plugged into the socket of any
set. The ranges are filament,
heater or other AC or DC; 0-10
v, 0-140 v; plate current: 0-28, 0-100 ma;
$-300 v. It makes all tests former models made.
is also Ind dently ible for each range.

plated slip-cover.
Order Cat. JT-N.

plate voltage: 0-84,
Each meter
P y The entire
device is built in a chromium-plated case with chromium-
Instruction sheet will be found inside.

[Remit $11.76 with
order for JT-N and
we will pay trans-
portation.]

GUARANTY RADIO GOODS CO.

143 WEST 45th STREET (Just East of Broadway) NEW YORK, N. Y.

Quick Action Classified Ads

Radio World’s Speedy Medium for Enterprise and Sales

1 cents a word—$1.00 minimum—Cash with Order

MILLION PARTS. Replacements for Freshman,
Earl, etc. Radio hardware, small and big stuff.
Price list just out for out-of-town experimenters,
chaiI{I mYc'n.CExpcrimcnters Radio Shops, 129 West
it . . .

FILAMENT TRANSFORMERS—1¥;, 2v, 5/110 v.
$1.00. Build your own. minations and core, 85c.
Transformers for Power Packs. Write for Prices.
Transformers made, P. P. Extra. A. Apfelbaum,
271¢ Girard Ave., Phila., Penna.

SOUND PICTURES TROUBLE SHOOTER'S
MANUAL, by Cameron and Rider, an authority
on this new science and_ art. Price $7.50. Book
Dept., Radio World, 145 W. 45th St., N. Y. City.

DRILL PRESS STAND for the work bench. Blue-
print showing how to build it, $1.00. Inquire about
complete kit of parts. Super Engineering Labora-
tories, 1313 - 40th St., Brooklyn, N. Y.

CONSTRUCTIONAL DATA—30 henry choke 50c;
laminations in stock. Radio Power, 1028 Forest
Road, Schenectady, N, Y,

SCOTT WORLD RECORD SUPERHET, Demon-
strator, with radiotrons, $29.50. Jaeger, 607 West
138th St., New York City.

HORN UNIT, $1.95—This is the Fidelity Unit and
has stood the test of time. Guaranty Radio Goods
Co., 143 W. 45th St., New York.

BARGAINS in first-class, highest -
chandise. Phono-link pick-uplgweisth %{)?.dcco:‘tc;ol
and adapter, $3.32; four-gang 00035 mfd. with
tnmlmers bu}:;‘ ml._ $1.95; .00(1))25 énofd. Dubilier grid
condenser with clips, 18c. x hen, Room

at 143 West 45th Street, N. Y. City, e

“HANDBOOK OF REFRIGERATIN -
NEERING, by Woolrich.—Of great usec‘to E\I:E‘yl.
body dealing "in refrigerators. $4. Book Dept.
Radio World, 145 W. 45th St., N. Y. City. &

RADIO WORLD AND RADIO NEWS,
oNneeré.rt,, $7.00. Radio World, 145 W. 4B5(t)lt:h Sf:r
. . 1 ’

“A B C OF TELEVISION” by Yates—A compre-
hensive book on the subject that is attracting
attention of radioists aund scientists all over the
world. $3.00, postpaid. Radio World, 145 West
45th St., N, Y. City.

‘“FORD MODEL ‘A’ CAR.” Its Comstruction,
Operation and Repair, By Victor W. Pagé, M.E.
545 Pages, 251 chmlly Made Engravings., $2.
(r;_’s:tpax . .Radio orld, 145 W. 45th St., N. Y.
ity.

WWWwW americanradiohistorv com

SHORT-WAVE NUMBERS OF RADIO RLD
Copies of Radio World from Nov. 8, 1933\'8 J'an:
:s!, :931, coveg'n;g fth;l &)arioixzs dshort-wave angles
ent on recei .00, i 1
45th St., N. ¥, City. ol e
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Polo
DE LUXE ALL-WAVE

Converter

With "B" Supply Built In — Only Two External

Connections Necessary

Triple Screen Grid, with National Dial, Hammar-
lund Tuning Condenser and Precisinn Plug-in Coils.

Tunes
from
10 to 600
Meters with
Any
Broadcast
Set

Front panel view of the DX-4 Unit, the supreme all-wave
converter for bringing in far-distant stations.

Users of
This Model
Report
Consistent
Reception of
Europe
Direct

Rear view of the DX-4 Unit, with precision plug-in coil, wound on 97 per
cent. air dielectric, for greatest

Superlative Results

HE Polo De Luxe All-Wave Converter, model DX-4, is one of
the outstanding developments in direct reception of short
waves. |t may be connected to any broadcast receiver, to

enable short-wave reception, without molestation of the receiver,
yet with the wonderful asset of using alt the amplification of your
receiver—the entire set, just as it is—to provide entree to the
new arena of thrills.

Three screen grid tubes are used in this converter, which is an
AC model with complete power supply built in.

One screen grid tube is a radio frequency amplifier, another is
a modulator, the third is an oscillator. The fourth tube, a 227, is
the rectifier.

Tuning is easy, and is free from body capacity or trickiness
common in regenerative circuits, because the rotor of the Ham-
marlund tuning condenser used in this de luxe converter is grounded,
and the coil is far from the hand.

As for appearance, it is of the highest possible order of at-
tractiveness, providing eye appeal of the first magnitude, due to
the use of Formica bakelite front and subpanel, National mod-
ernistic dial and Hammarlund condenser, united in an aesthetic
and symmetrical layout. The DX-4 unit was designed by J. E.
Anderson and Herman Bernard.

The assembly is utterly rigid and self-supporting, requires no
cabinet, and may be installed above or below a broadcast set in
'f|';e dexi'ra space of a console, or a separate cabinet can be sup-
plied.

The sensitivity of this converter, used with only a fair broadcast
set, whether tuned radio frequency, Neutrodyne or superhetero-
dyne, is extremely high, and users report the consistent direct
reception of European, Canadian, Central and South American
short-wave stations, as well as relays of program stations in the
United States, and code from the world over—right in their own
homes—providing a thrill even for jaded radioists.

Response is complete at all dial settings, at all frequencies, on
all coils. There are no "dead spots” anywhere in the tuning.

The ever-widening variety of short-wave transmissions from all
over the world makes the possession of the Polo DX-4 Converter
a virtual necessity to full radio enjoyment.

Models on exhibition.

Telephone:
BRyant 9-8093.

POLO ENGINEERING LABORATORIES
125-B WEST 45th STREET, NEW YORK CITY

selectivity and sensitivity.

Connections and Tuning

O tune in the broadcast band, 200 to 600 meters, use the
largest coil {rear center socket as you view front panel to-
ward you).

Thus you can use this converter for remote control tuning of

broadcast waves, as well as short waves.

To tune in waves below 200 meters, remove the large coil, and
put in that socket coils of successively smaller size. A total of
four coils enables reception of from 10 to 600 meters.

The complete parts for the de Jluxe all-wave triple-screen grid
converter, exactly as specified by the designers, can be supplied,
or a wired model. Connections are simple.

No knowledge of radio technique nor any skill in tuning is

required, as there are only two external connections to make.
You do not have to search for a method of obtaining "B" voltage
from vour broadcast receiver, as the DX-4 has its own complete
power supply. Here are the two connections:
(1)—Remove aerlal wire from the antenna post of your receiver
and connect aerial instead to the antenna post of the converter.
(2)—Connect a wire from the remaining post on the converter
to the vacated antenna post of the broadcastreceiver.

Do not remove ground from set. The converter is automatically
grounded.

To operate the converter, tune your set to the highest frequency
to which it will respond, (lowest wavelength), usually zero numeric-
ally, above 1,500 kc in frequency. However, if your set is more
sensitive at any other setting, and experience will guide you, use
the most sensitive setting, always with volume control of the re-
ceiver at position for maximum volume. You must select a setting
of your receiver dial that does not bring in broadcasts direct,
for these will come through even with the converter attached. In
fact, the converter works as a booster, or pre-amplifier, for your set.

De Luxe All-Wave Converter Kit, including four precision coils,
all parts, (less three 224 tubes and one 227 tube, less cabinet)
10 to 600 meters, order Cat. DX4K . ... ... ... ......... $26.00

De Luxe All-Wave Converter, wired, with four precision coils,
10-600 meters; (less four tubes, less cabinet) order Cat. DX-4V8/
................................................. 31.0

Walnut finish wood cabinet, order Cat. CBT®@ ........ .. 5.00
Finest craftsmanship

in Polo
Products.
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