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Introduction
KEEPING up-to-date on radio! That

is the problem that every man in-
terested in radio must face in these
years of swift change and extraor-

dinary development- Today it is not enough
to have a fundamental knowledge of radio;
one simply must have the latest information
and data available, to understand the many
new things as they are being unfolded in the
radio laboratory - and to have a working
knowledge of new
applications, as
they are being
made in the field.
Not a single month
goes by without
some important
advance that
changes the whole
outlook of radio.
This month it may
be metal tubes.
next month it may
be an entirely nem
method of . recep-
tion and a few
months from now IN

it may be perfected
television.

It is the duty of
everyone interested
in radio-whether from an amateur's, an ex-
perimenter's, a serviceman's, or an engineer's
viewpoint, whether one is in radio for a
hobby or for business-to keep himself in-
formed on what is going on so that he can
do his work or conduct his experimentation
along lines conforming with the radio trend.
If this is not done, we soon fall into paths
that lead to nowhere and our hardest efforts
produce results that may be obsolete before
we start.

That effort of keeping people informed in

THE RADIO NEWS LAB.
Here is one corner of the large, well-equipped Radio News
laboratory where countless pieces of radio apparatus are
tested before being brought to the attention of our readers.
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radio is the acknowledged duty of a radio
editor, and is the main aim of your maga-
zine, RADIO NEWS; also, it is the aim of this
book to present to RADIO NEWS readers, in
this accessible form, some of the newest and
most important radio developments of the
times through which we are passing.

A glance at the index page shows a de-
tailed compilation on such developments as
television, the advent of the metal tubes, the

latest receivers for
short-wave and
broadcast -band re-
:eption, converters,

LJ antenna tuners,
the newest data
on servicing and
P. A. equipment-
how to use oscil-
lators, cathode-ray
tubes and ampli-
fiers-as well as a
wealth of interest-
ing data for the
radio experimenter.
Also note that we
have not forgotten
the short-wave lis-
tener. There are: a
Wavelength - Fre-
quency Chart, a

Mileage Chart, Station Lists and other DX
aids that are simply indispensable to all
short-wave and broadcast DX enthusiasts.
Then again, in the amateur field, a number of
transmitters are described, with data on
antennas, transmitting tubes and receivers.

And so we present this 1936 Radio Data
Book to our many thousands of radio friends
who are looking to us for guidance and en-
couragement, a book enabling each to do
better his small bit in making radio more
helpful, more interesting, and more successful.

Laurence M. Cockaday
Editor, Radio News And Short Wave Radio
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TELEVISION

Disk Vs. Cathode -Ray
TELEVISION bids fair to bring an en-

tirely new set of problems before the
Federal Communications Commission,

for at present a number of experimental
stations are sending or propose to send
their pictures on the 5- and 6 -meter bands,
the 10 -meter band, the 170 -meter band,
etc. Then there is the problem of how
television programs are to be sent to differ-
ent parts of the country: over wires, what
kind of wires or cables, etc. Not only is
this the case, but two radically different
types of scanning are being used; the
cathode-ray tube and the revolving disk.
Each of these systems claims manifest ad-
vantages and proponents of each state that
theirs will be the system adopted as the
official standard when the standardization
of television receivers takes place, as it is
sure to do within a short space of time.

The cathode-ray types of scanners, in
which Philco, RCA and the Farnsworth

interested represent one side of
the story. The mechanical (or revolving
disk) scanner, as represented by some of the
independents, one of which, the Peck Tele-
vision Corp., has produced excellent im-
ages on a large screen, in black and white
as shown in Figure 1.

In order to simplify a discussion of the
improvements in both of these systems let
us divide this article into sub -heads.

Simplicity of Mechanism
Besides incorporating a more or less con-

ventional radio receiver to produce the tele-
vision signal, a television receiver must
include a light source, a means of modu-
lating the light in order to reproduce high-
lights and shadows, a scanner to spread the
light over the screen or otherwise break it
up into a two-dimensional picture, and a
power -pack capable of supplying the volt-
age and current used by these units.

The cathode-ray system appears to be
simpler, for in it we find a single tube
performing the functions of light source,
light modulator and scanner, white the disk
system makes use of a three-inch disc
driven by a small motor, a headlight bulb
for light source, and a separate modulator
cell. Carrying our inspection a step farther,
we learn that the disc motor operates di-
rectly from the 110 -volt light lines and that
the light source used with the disc also
draws its current from the ordinary power -
pack of the set and that the light valve
is modulated directly from the output of the
standard push-pull amplifier which Peck's
receiving circuit employs. On the other
hand, as many as six additional tubes are
used in the cathode-ray systems to afford
scanning action with the cathode-ray tube
and each of these six extra tubes employs
its own oscillator coils, condensers, chokes,
etc. A special power pack, including heavy -

Systems

Figure 1

duty rectifiers, chokes, condensers and re-
sistors is also required with the cathode-
ray tube, which may use voltages up to
4000 or more. Figure 2 shows a labora-
tory experiment with a large cathode-ray
tube.

Neither of these systems is quite as
simple as the now obsolete system in which
a tube of either the neon plate or neon
crater type was used as combined light
source and light modulator. This system
has, however, been virtually abandoned be-
cause of deficiencies in the brilliance and
size of the pictures it produced.

Simplicity of Operation
Tuning is unquestionably somewhat

simpler in the cathode-ray system than in
the disk system. In the former, it is merely
necessary to tune in the signal, which is
automatically synchronized by the extra 6 -
tube circuit. One additional control is
necessary to establish synchronization in
the disc system. In both systems, synchro-
nization, once obtained, remains established
as long as the set is tuned to a given station.

Freedom From Trouble
The two systems are about equal in

freedom from problems of servicing. In the
cathode-ray system, the scanning -light -source
tube may require the aid of a service man
every 1000-2000 hours, when replacement
becomes necessary. This will be the case
if the manufacturers decide to install it
in a sealed unit because of the high volt-
ages which it may require. Its associated

tubes should be easily replaceable by the
set owner.

Both light source and modulator tubes,
operated at normal set voltage in the disc
system, will be replaceable by the owner.
The motor will be similar to that used in
an electric clock-and as completely free
from servicing problems.

The cost of the cathode-ray tube, with
an estimated life of 1000-2000 hours, may
probably be brought as low as $25 when in
production, and its associated tubes should
last as long as, and cost no more than, the
ordinary receiving tubes which the set em
ploys. The disc light source and modulator
tubes will have a combined retail cost
below $2, and a life of approximately 5000
hours.

Detail Available
Images reproduced by cathode-ray systems

will be composed of about twice as many
lines per frame as will those of the disc
system, which uses 180 -line images. As a
result, perfect detail will be visible to an
observer stationed about five feet from the
cathode-ray set, or about ten feet from the
disc system.

Size of Picture
Cathode-ray receivers thus far demon-

strated have produced pictures about three
inches square, though pictures up to nine
inches square are claimed. While the Peck
television receiver normally shows a 14 -inch
picture on its self-contained screen, pic-
tures up to 3 ft. by 4 ft. square have been
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Figure 2

demonstrated when the screen is removed.
The 14 -inch Peck picture and the cathode-
ray picture are of approximately equal bril-
liance; bright enough to be shown in a
lighted room. The 4 -foot picture is some-
what duller.

Number of Images
Per Second

Both systems have shown 24 frames -per -
second, the same as standard motion -picture

film. It is said that one cathode-ray system
is experimenting with 48 frames.

Program Material
No plans have as yet been made public

by any television company relative to the
actual material which will be broadcast. It
is, however, logical to believe that motion -
picture producers will enter into television
agreements; that outstanding radio pro-
grams will be televised; and that portable
transmitters will be used to broadcast pub-
lic meetings, sports events and similar oc-
currences of public interest. Obviously, this
material will be equally available for own-
ers of either type of apparatus.

Adaptability
Should both systems be in general use,

the problem of building receivers to re-
ceive both standards of images is encoun-
tered. Neither the cathode-ray nor the disk
system will receive signals intended for re-
ception by the other system unless certain
adjustments are made. In the cathode-ray
system it will probably be necessary to have
the scanning oscillator re -calibrated in order
to receive disk -type pictures. With the
disk system a quick -demountable scanning
wheel will be provided, to be snapped onto
the motor shaft in order to receive the
pictures intended for cathode-ray reception.

"Network" Possibilities
The problem of limited service area has

been a major worry of all television con-

cerns until very recently. According to
proponents of the cathode-ray system, the
maximum distance which can be traversed
dependably, on the short wave which tele-
vision will use, is about twenty miles. The
Peck television station, VE9AK, in Mon-
treal, Canada, has for the past several
months been sending strong signals over
a distance of 80 miles, with only a 300 -watt
antenna input.

A special high -frequency "coaxial" cable,
suited to carrying television signals, will
soon be under construction to link New
York and Philadelphia.

Color of Picture
Cathode-ray tubes normally provide a

picture which is in tones of apple green,
though it is said a black and white tube
is in the process of development. In the
disk system, the picture is black and white,
the same as the customary motion picture,
which it closely resembles.

With two types of systems, each of
which has certain advantages and each of
which is capable of producing television
images which should satisfy the most exact-
ing critics, it would certainly seem that
transmitters designed to serve cathode-ray
receivers as well as those sending signals
for the mechanical system should be given
a place in the television spectrum. Even if
there is some inconvenience or even chaos
in using different systems with different
details of transmission, they should be
given a trial-and soon a definite "start"
in television must be made.

A Canadian Television Station
TELEVISION is actually on the air daily

over the Peck Television Corporation
station, VE9AK, located in the Dominion
Square Building, Montreal. And, Canadian
radio manufacturers are preparing to put
a low-cost radio -and -television receiver on
the market.

It is not the "flickering" television such
as has been broadcast formerly in America;
both transmitter and receiver differ greatly
from apparatus which has heretofore been
shown. The transmitter uses an entirely
gearless scanner and with a 300 -watt an-
tenna input is sending a strong signal more
than seventy miles on the 5 to 6 meter
channel. Twenty miles had previously been
considered the practical limit for this 5-6
meter television prior to Peck's experiments.
Figure 3 shows the control room of VE9AK.
At the extreme left is the pick-up apparatus.

The receiver, too, is different. It projects
a 14 inch by 16 inch picture on a screen
with enough brilliance to be readily visi-
ble in a normally -lighted room. Its only
elements which need replacement are a
$1.50 light -valve tube and a 10 -cent auto-
mobile headlight bulb (the light source).
Both of these elements give 5000 hours
service.

VE9AK was erected in the middle of
May, 1935, as a 20 -watt station. It then
had a service radius of about ten miles.
The power was gradually increased to 300
watts and the range for an R9 signal was
increased to 75 miles easily.

The Reflector Antenna

The output of this new transmitter is
fed into a single upright antenna-a small
copper rod atop the Dominion Square
Building, as shown in Figure 6. On three
sides of this antenna are similar rods, tuned
to the requisite frequency and placed '%-
wavelength away. These are the reflectors,

each collecting the energy radiated into its
quadrant and reflecting it back to the
antenna proper. By adjusting the length of
the reflector rods, their resonance and there-
fore their efficiency may be controlled, so
that it is possible to tune them in such a
way that signals can still be heard on the
"dead" sides of the antenna as well as
along the path of the beam. In this man-
ner, it is possible for the one transmitter

Figure 3
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to serve two areas: the area immediately
surrounding the transmitter (in this case
the city of Montreal), and the area tra-
versed by the beam, which at present lies
between Montreal and the outskirts of
Trois Rivieres, Quebec.

At the side of the antenna from which
the beam emanates, two upright metal rods
are arranged. These, however, are placed in
line at correct distances from the antenna
and consequently act, not as reflectors, but
as "electrical lenses," for their effect is to
concentrate the beam along the predeter-
mined course, and to keep it from spreading.

The receiving antenna for these waves
is also an upright rod.

The Receiving Apparatus

A diagram of the receiving apparatus
which will soon be commercially available
in Canada is shown in Figure 4. There are
two features of the commercial job which
will be of interest to every radio -minded
reader.

First, the cabinet is entirely different from
the earlier odd -appearing television receiv-
ers which have been produced in the past.
With the top closed, it looks like any
handsome console radio receiver. But when
television images are being received, the
top of the cabinet is lifted, like the lid of
a phono-radio combination, ant the 14 -inch
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Figure 4

by 16 -inch ground -glass screen, upon which
the picture is reproduced, automatically
swings into place. This screen is removable,
however, so that a larger picture, up to five
feet wide, may be projected onto the wall.

Second, the same cabinet that contains
the television receiver equipment also houses
an all -wave radio broadcast receiver and

high-fidelity loudspeaking system.
VE9AK uses films and is now opening

negotiations with the leading producers to
make comedies, animated cartoons, features,
shorts and musicals available on the air.
This, it is expected, will give the "looker -
in" the greatest stars of the screen as
ordinary entertainment.

New Wide -Frequency -Range Cable
THE recent announcement by Bell Labora-

tories, of the so-called "coaxial" cables
for transmission of wide frequency -range
signals from one point to another, has
been of more than passing interest to tele-
phone men and television experimenters
alike. An experimental circuit is soon to
be set up between New York and Philadel-
phia, using a double coaxial cable for
further research work.

Although the idea of coaxial circuits
has been investigated mathematically and by
physicists theoretically for almost a century,

Figure 5

this is the first time that the idea will be
given a practical long-distance trial. The
cable itself is really a solid conducting
rod, supported at intervals at the center of
a conducting tube, that acts as the return

Figure 6

path. The first experimental line (two
miles long) was installed by A. L. Richey
at a test station near Phoenixville, Penn-
sylvania. The outside tube in this case was
21/2 inches in diameter with a smaller tube
inside and a copper wire inside that. This
was a "double" coaxial cable. The new
New York -Philadelphia cable will contain,
inside its outer lead sheath, two separate
tubes each containing a conductor. Each
one of these lines is capable of carrying
frequencies of a band width of the order
of a million cycles. Such a coaxial line
requires successive amplifiers to take care
of attenuation spaced at distances of about
each ten miles. The amplifiers themselves
are fully automatic and amplify all fre-
quencies at the same time. The amount of
gain necessary (which varies with the tem-
perature) is automatic and a "feedback"
principle in the tubes controls the gain and
permits high stability and freedom from
noise and distortion. This feedback princi-
ple is the reverse of that used in radio
receivers some years ago.

A 1,000,000 -cycle line such as this will
carry over 200 voice conversations at the
same time, without interference. All of these
signals pass through the amplifier (power
for which is sent at 60 cycles over the
same line). The separate voice signals are
modulated on to different frequency chan-
nels (up to 1020 kc.) by multiple oscil-
lators and the separate channels are selected
at the receiving end by quartz crystal filters.

The coaxial line is also well adapted
for transmitting the extremely -broad fre-
quency bands required by television. The
new cable may become a means of transmit-
ting television programs from one part of
the country to another if the actual main-
tenace costs do not run too high. Figure
5 shows two types of coaxial cables.
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METAL TUBES

Description and Characteristics

THE vacuum tube ascended one more
step in the ladder of its evolution and
now has lost all resemblance to its

ancestor, the incandescent lamp. The Gen-
eral Electric Company, recently introduced
the latest of all vacuum -tube development
-the all -metal tube. Besides providing an
efficient shield for the tube, the metal
shell makes possible a sturdier construction,
with better heat radiation, lower internal
capacities and a more economical manu-
facture.

The new tubes, as shown in Figure 8,
are smaller than the equivalent glass tubes.
At present, ten different types have been
made, including a power rectifier, a triode
output tube similar to the 45, a variable -
mu pentode, a pentagrid tube, a hexode, a
small triode and a duo -diode. This latter
tube is a new type, containing two cathodes
and two diode plates. It is shown at the
extreme right of Figure 8. The height of
the tube (above the base) is 5x inch.

These tubes have an entirely new socket
arrangement, which is an enormous im-
provement over the present one. All types,
regardless of the number of prongs, will
fit the same 8 -contact socket. The pins are
all of the same size and are placed at
regular intervals. In the center is a larger
pin, fitted with a "key." A bottom view
of the base of Type 6A8 is shown in
Figure 7.

In order to insert a tube into its socket,
it is necessary only to insert this center
pin into its hole first, then rotate the tube
until the key finds its groove, when the
tube can be pushed down. This can be
done in the dark; it is no longer necessary
to find the big prongs and the big holes
and bring them into line. All tubes have
one more contact pin than the correspond-
ing glass -envelope tubes. This pin is con-
nected to the shield and the corresponding
socket contact should be grounded.

A

1546

BOTTOM VIEW OF BASE OF TYPE 6A8

PIN N2.1 -SHELL PIN N9.6 -N9-2 GRID
PIN N9-2 HEATER PIN N9-7 -HEATER
PIN N2.3 PLATE PIN N2.8 -CATHODE
PIN N94 N4.3 a5 GRIDS TOP CAP -119.4 GRID
PIN N2.5 N2.1 GRID

Figure 7

The metal envelope is a more efficient
radiator of heat than glass. The construc-
tion of the tube has been greatly simpli-
fied due to the elimination of the "stem."
The leads come up through the bottom
end -plate and make shorter, sturdier sup-
ports possible. This helps to minimize
microphonism and reduces the internal ca-
pacity. In fact, the tubes will oscillate at
higher frequencies than their corresponding
glass -envelope types.

The construction of the tube, as shown
in Figure 9, is simpler and different from
the method now employed. The shell is
made of iron 1/50 inch thick. The con-
struction is started with the bottom end
plate; it looks somewhat like the cover of
a salt shaker. In order to bring the leads
through this plate, small eyelets of a special
alloy are welded into the holes. This
alloy, "Fernico," consisting of iron, nickel
and cobalt, has the same expansion coef-
ficient as glass; it was developed especially
for the metal tube. A small glass bead with

Figure 8

a wire passing through it is fused into the
eyelet. The entire cylinder (forming the
tube) is welded into the end -plate by a
very heavy electric current, around 20,000
amperes, flowing only 1/20 of a second.
This time is sufficient to weld the tube
all around. A thyratron controls the tim-
ing in this process. After pumping, the
tubes are sealed electrically.

In order to "cean-up" the tube, the usual
high -frequency inductor coil cannot be used
because of the metal shell. Instead, the
tube is simply heated to red heat by means
of a gas flame.

Metal tubes have been on the market in
Europe for some time. The "Catkin" tube,
made in England, is of a different con-
struction; its envelope constitutes the anode
and is therefore at high potential. A second
shield is then necessary to safeguard against
shocks or shorts. These new American
tubes are constructed differently and are
considered a great improvement; the out-
side shell is the shield and is at ground
potential. No further tube shield is re-
quired; moreover, the shielding is much
more efficient, due to closer spacing be-
tween the shield and the elements.

The tubes, the first standard American
all -metal tubes, are not interchangeable
with present glass tubes, due to the differ-
ent construction of the socket. The ten
types now planned for production all have
6.3 -volt filaments.

The following are the tentative charac-
teristics of these metal tubes as supplied
by the RCA Manufacturing Company:

5Z4
Full -Wave High -Vacuum

Rectifier

The 5Z4 is a full -wave rectifying tube of the
metal type intended for use in d -c power -supply
devices which operate from the a -c supply line.
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Tentative
Heater Voltage
Heater Current
A -C Plate Voltage

Per Plate (RMS)
Peak Inverse Voltage
D -C Output Current
Maximum Overall

Length
Maximum Diameter
Base

Characteristics
5.0 Volts
2.0 Amperes

400 max. Volts
1100 max. Volts

125 max. Milliampere,

5-1/8"
1-5/16"
Small Octal 5 -Pin

6A8
Pentagrid Converter

The 6A8 is a multi -electrode vacuum tube of
the metal type designed to perform simultan-
eously the functions of a mixer (first detector)
tube and of an oscillator tube in superheterodyne
circuits. Through the use of this type, the inde
pendent control of each function 4 made pos
sible within a single tube.

Tentative Characteristics
Heater Voltage

(A.G. or D.C.) 6.3 Volts
Heater Current 0.3 Ampere
Base Small Octal 8 -Pin

As Frequency Converter
Plate Voltage 250 max. Volts
Screen (Grids No. 3 and

No. 5) Voltage 100 max. Volts
Anode -Grid (Grid No. 2)

Voltage 200 max. Volts
Anode -Grid (Grid No.

2) Voltage Supply** 250 max. Volts
Control Grid (Grid

No. 4) Voltage -3 min. Volts
Total Cathode Current 14 max. Milliampere,
Typical Operation :

Plate Voltage 250 Volts
Screen Voltage 100 Volts
Anode -Grid Voltage 250' Volts
Control Grid Voltage
(Minimum) -3 Volts
Oscillator Grid (Grid

No. 1) Resistor 50000 Ohms
Plate Current 3.3 Milliamperes
Screen Current 3.2 Milliamperes
Ano-le-Grid Current 4.0 Mil:amperes
Oscillator Grid Current 0.5 Milliamperes

 This is an Anode -Grid Supply voltage applied
through 20000 -ohm voltage -dropping resistor.

 Anode -grid voltages in excess of 200 volts
resprre use of 20000 -ohm voltage -dropping
resistor.

Conseis on Conductance 500 Micromhos
Control Grid Voltage,

Approximate (Con-
version conductance
= 2 umhos) -45 Volts

6C5
Detector Amplifier Triode

This is an Anode -Grid Sunnly vol'ane anolie-I
type recommended for use as a detector, ampli-
fier, or oscillator. This tube has a high mutual
conductance together with a comparatively high
amplification factor.

Tentative Characteristics
Heater Volt t r-

(A.C. or D C.)
Heater Current
Plate Voltage
Grid Voltage 0
Plate Current
Plate Resistance
Amplification Factor
Mutual Conductance
Grid -Plate Capacitance 
Grid -Cathode

Capacitance 
Plate -Cathode

Capacitance 
Maximum Overall

Length 2-5/8"
Maximum Diameter 1.5/16"
Base Small Octal 6 -Pin
o If a erid-coupling resistor is use I. its maximum
value should not exceed 1.0 megohm.
 With shell connected to cathode.

6.3 Volts
0.3 Ampere
250 max. Volts

-8 Volts
8 M Iliamperes

10000 Ohms
20

2000 Micromhos
1.8 mmfd.

4 mmfd.

13 mmfd.

6D5
Power Amplifier Triode

The 6D5 is a power amplifier triode of the
metal type intended for use as an output tube
in radio receivers which operate from an a -c
supply linc.

Tentative Characteristics
Heater Voltage

(a.c. or d.c.) 6.3 Volts
Heater Current 0.7 Ampere
Maximum Over All

Length 314 in.
Maximum Diameter 14 in.
Base small 6 -Pin

Plate Voltage
Grid Voltage
Plate Current
Plate Resistance
Amplification Factor
Mutual Conductance
Load Resistance
Undisto ted Power

Output

O SOLDER

O CAP INSULATOR

O ROLLED LOCK

O CAP SUPPORT

O GRID LEAD SHIELD

O CONTROL GRID

O SCREEN

O SUPPRESSOR

O INSULATING SPACER

O PLATE

O MOUNT SUPPORT

O SUPPORT COLLAR

C) GETTER TAB

O GLASS BEAD SEAL

O FERNICO EYELET

O LEAD WIRE

O CRIMPED LOCK

O ALIGNING KEY

O PINCHED SEAL

C ALIGNING PLUG

GRID CAP a)

GRID LEAD WIRE a)

GLASS BEAD SEAL G)

FERNICO EYELET 0
BRAZED WELD 0
VACUUM -TIGHT

STEEL SHELL

CATHODE 0

HELICAL HEATER 0

CATHODE COATING 0
PLATE INSULATING

SUPPORT w
PLATE LEAD CONNECTION 0

INSULATING SPACER co

SPACER SHIELD 0
SHELL TO HEADER ttp,

SEAL WELD
HEADER 0

SHELL CONNECTION 0

OCTAL BASE

BASE PIN 0
SOLDER 0

EXHAUST TUBE C

Figure 9 Courtesy of RCA Mfg. Co.
Internal Structure Of An All -Metal Radio Tube

As Single -Tube Class A Amplifier
275 max. Volts
-40 Volts
31 Ma.

2250 Volts
4.7

2100 Micromhos
7200 Ohms

1.4 Watts

As Push -Pull Class AB Amplifier
(Two Tubes)

Plate Voltage
Grid Voltage

(fixed bias)
Plate Current (per tube)
Load Resistance

(Plate to plate)
Power Output

300 max. Volts

-50 Volts
23 Ma.

5300 Ohms
5 Watts

6F5
High -Mu Triode

The 6F5 is a high -mu triode of the metal
type. It is particularly suitable for use in re-
sistance -coupled amplifier circuits.

Tentative Characteristics
Heater Voltage

(A.C. or D.C.) 6.3 Volts
Heater Current 0.3 Ampere
Plate Voltage 250 max. Volts
Grid Voltage -2 Volts
Plate Cu -rent 0.9 Milliampere
Plate Resistance 66000 Ohms
Ampl'fication Factor 100
Mutual Conductance 1500 Micromhos
Grid -Plate Capitance 2 mmfd.
Grid -Cathode Capitance 6 mmfd.
Plate -Cathode

Capacitance 
Maximum Overall

Length
Maximum Diameter
Cap

12 mmfd.

3.1/8"
1-5/16"
Miniature

Base Small Octal 5 -Pin
 With shell connected to cathode.

6F6
Power Amplifier Pentode

The 6F6 is a heater -cathode power -amplifier
pentode of the metal type for use in the audio -
output stage of a -c receivers. It is capable of
giving large power output with a relatively small
input voltage. Because of the heater -cathode
construction. a uniformly low hum -level is at-
tainable in power -amplifier design.

Tentative Characteristics
Heater Voltage

(A.C. or D.C.) 6.3 Volts
Heater Current 0.7 Volts
Maximum Overall

Length 3-1/4"
Maximum Diameter 1-5/16"
Base Small Octal 7 -Pin

Single -Tube Class A Amplifier
Pentode Triode

Connection Connection
Screen tied to plate

Plate Voltage 250 311 max. 250 max. Volts
Screen Voltage 250 315 max. - Volts
Grid Voltage -16.5 -22 -20 Volts
Plate Current 34 42 31 Milliamperes
Screen Current 6.5 8 - Milliamperes
Plate Resistance80000° 75000° 2600 Ohms
Amplification

Factor 200° 200° 7
Mutual

Conductance 2500 2610 2700 Micromhos
Load Resistance 7000 7000 4000 Ohms
Total Harmonic

Distortion 7

Power Output 3

Approximate.

7 5 Per cent
5 0.85 Watts

6H6
T win Diode

The 6H6 is a heater -cathode type of metal
tube combining in one shell two diodes. Each
diode has its own separate cathode and corres-
ponding base pin. This arrangement offers flexi-
bility in the desien of circuits employing the 6H6
as a detector, a low -voltage low -current rectifier,
or for the purpose of automatic volume control.

Tentative Characteristics
Heater Voltage 6.3 Volts
Heater Current 0.3 Ampere
Plate No. I to Plate

No. 2 Capacitancen 0.02 mmfd.
A -C Plate ltage per

Plate (RMS)
D -C Output Current
Maximum Overall

Length
Maximum Diameter
Base
 With shell connected to

100 max. Volts
2 max. Milliamperes

1.5/8"
1 5/16"
Small Octal 7 -Pin

cathode.

617
Triple -Grid Detector Amplifier

The 6J7 is a triple -grid type of metal tube
recommended especially for service as a biased
detector in radio receivers designed for its char-
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Figure 10

A Typical Metal Tube

acteristics. In such service, this tube is capable
of delivering a large audio -frequency ouput
voltage with relatively small input voltage. Other
applications of the 6J7 include its use as a high -
gain amplifier tube.

Tentative Characteristics
Heater Voltage

(A.C. or D.C.) 6.3 Volts
Heater Current 0.3 Ampere
Plate Voltage 250 max. Volts
Screen (Grid No. 2)

Voltage 100  Volts
Grid (Grid No. 1)

Voltage -3 Volts
Suppressor

(Grid No. 3) Connected to cathode at socket
Plate Current 2 Milliamperes
Screen Current 0.5 Milliampere
Plate Resistance

Greater than 1.5 Megohms
Amplification Factor

Greater than 1500
Mutual Conductance 1225 Micromhos
Grid Voltage

(Approx.) I -7 Volts
Grid -Plate Capacitance ° 0.005 max. mmfd.
Input Capacitance 7 mmfd.
Output Capacitance 12 mmfd.
Maximum Overall

Length 3-1/8"
Maximum Diameter 1.5/16"
Cap Miniature
Base Small Octal 7 -Pin

 If a grid -coupling resistor is used, its maxi
mum value should not exceed 1.0 megohm.

 Maximum Screen Volts - 125.
I For cathode current cut-off.
 With shell connected to cathode.

Receiver

6K7
Triple -Grid Super -Control

Amplifier

The 6K7 is a triple -grid super -control amplifier
tube of the metal type recommended for service
in the radio -frequency and intermediate -frequency
stages of radio receivers designed for its charac-
teristics. The ability of this tube to handle un-
usual signal voltages without cross -modulation
and modulation distortion makes it adaptable
to the r -f and i-f stages of receivers employing
automatic volume control.

Tentative Characteristics
Heater Voltage

(A.C. or D.C.)
Heater Current
Plate Voltage
Screen (Grid No. 2)

Voltage
Grid (Grid No. 1)

Volt. (Min.)
Suppressor

(Gr;,1 No. 3)
Plate Current
Screen Current
Plate Resistance
Amplification Factor
Mutual Conductance
Grid Voltage 
Grid -Plate

Capacitance 0
Input Capacitance 0
Output Capacitance 0

6.3 Volts
0.3 Ampere

250 max. 250 max. Volts

100 125 max. Volts

3 .3 Volts

Connected to cathode at socket
7.0 10.5 Milliamperes
1.7 2.6 Milliamperes
0.8 0.6 Megohm

1160
1450
-42.5

990
1650 Micromhos

-52.5 Volts

0.005 max. mmfd.
7 mmfd.

12 mmfd.

Maximum Overall
Length 3.1/8"

Maximum Diameter 1-5/16"
Cap Miniature
Base Small Octal 7 -Pin
' For mutual conductance = 2 micromhos.
o With shell connected to cathode.

6L7

Pentagrid Mixer Amplifier

The 6L7 is a multi -electrode vacuum tube of
the metal type designed with two separate control
grids shielded from each other. This design
permits each control grid to act independently
on the electron stream. This tube, therefore, is
especially useful as a mixer in superheterodyne
circuits having a separate oscillator stage. as
well as in other applications where dual con-
trol is desirable in a single stage. The design of
the tube is such that coupling effects between
oscillator and signal circuits are made very
small. This feature enables the 6L7 to give high
gain in high -frequency circuits.

Tentative Characteristics
Heater Voltage

(A.C. or D.C.)
Heater Current
Base

As Mixer
Plate Voltage
Screen (Grids No. 2 and

No. 4) Voltage
Typical Operation :

Heater Voltage
Plate Voltage
Screen Voltage
Signal -Grid (Grid
No. 1) Voltage

Oscillator -Grid (Grid
No. 3) Voltage"

Peak Oscillator
Voltage
Applied to Grid
No. 3 (Minimum)

Plate Current
Screen Current
Plate Resistance

Greater than
Conversion

Conductance
Signal -Grid (Grid

No. 1) Voltage
for Conver. Cond.
of 5 Micromhos

 The d -c resistance in o
circuit should be limited t

II Recommended values for

6.3 Volts
0.3 Ampere

Small Octal 7 -Pin

250 max. Volts

150 max. Volts

6.3 Volts
2501 Volts
1501 Volts

-6 min. 1 Volts

15 Volts

18 Volts
3.3 Milliamperes
8.3 Milliamperes

1 Megohm

350 Micromhos

-45 Volts
scillator-grid-No. 3
0 50000 ohms.
all -wave receivers.

As Amplifier

Heater Voltage
Plate Voltage
Screen (Grids No. 2

and No. 4) Voltage
Control Grid (Grid

No. 1) Voltage
Control Grid (Grid

No. 3) Voltage
Plate Current
Screen Current

6.3 Volts
250 max. Volts

100 max. Volts

-3 min. Volts

-3 Volts
5.3 Milliamperes
5.5 Milliamperes

Plate Resistance 0.8
Mutual Conductance 1100 Micromhos

-15 volts bias on
Grid No. 1

Mut. Cond. 1 -15 volts bias on 5 Micromhos
Grid No. 3

Typical Metal Tube Receivers

GGETTING high-fidelity on DX from
all over the world as well as on local

signals is a worth -while feat on any set.
To do this on a 9 -tube set constructed in
such a small space as this chassis takes
up would be impossible without using the
new metal tubes.

The circuit for this receiver is shown in
the accompanying diagram, Figure 11. It
employs a 6K7 metal tube in one stage of

Atwater Kent 649

r. f. preselection, a 6A8 metal tube as a
mixer -oscillator, two 6K7's in two i.f.
stages, a 6H6 second detector tube fol-
lowed by a 6C5 first -stage audio amplifier
and two 6F6 push-pull pentode power tubes
working directly into a loudspeaker through
a coupling transformer.

Looking at the front panel of the re-
ceiver, the two upper controls near the dial
are, left: combination "on -off" switch and

sensitivity control, and right: the tuning
knob. By pushing "down" on this latter
control, a very nigh ratio non -backlash tun-
ing is obtained. By pulling "up" on the
control, a low ratio is obtained for fast
tuning. Located between these two knobs
is the shadow -tuning meter (which was
found a great help in obtaining exact
resonance even on the most distant stations
as far away as Asia). The three bottom
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controls are, left to right: the 4 -position
tone control, the high -fidelity -sensitivity

RECEPTION of short-wave broadcasts
from every continent, including Aus-

tralasia, was one of the highlights of re-
cent RADIO News tests on this new all -

wave, 8 -metal -tube receiver: The circuit is
shown in Figure 12 and employs the fol-
lowing metal tubes: Two 61(7 triple -grid
super -control amplifier tubes, one 6A8
pentagrid converter tube, one 6H6 duo -

diode detector tube, one 6C5 triode am-
plifier tube, two 6F6 power pentode tubes
and one 5Z4 rectifier tube.

The wave -bands covered by the set are
as follows: Band A, 140 to 410 kc.; Band
B, 540 to 1750 kc.; Band C, 1750 to 6000
kc.; Band D, 6000 to 19,500 kc. It will
be noted that the only part of the range
not covered is from 410 kc. to 540 kc.
which includes the intermediate frequency
used, so that the set is capable of recep-
tion from 19,500 kc. to 140 kc. except for
this small band (which has no particular
interest to the listener, anyway).

Looking at the front of the receiver, the
loudspeaker grille is at the top, with the
linear tuning scale horizontal across the
middle portion of the set, with the wave-

changing knob at the left and the tuning
knob at the right. This tuning knob is
pushed "in" for high ratio, 55-1, and "out"
for low ratio, 5%-1, for fast -tuning. The
three lower knobs are, from left to right,
the sensitivity control, the volume control
and the combination "off -on" switch and
volume control.

The receiver, taken as a whole is a re -

Figure 11

switch and the wave -change switch (whidi
changes coils and moves up and down the

General Electric A-82

markably efficient, beautifully toned re-
ceiver, with plenty of high frequencies so
that long distance station announcements
can be easily recognized.

The receiver should appeal to those who
wish to literally step out all over the world
to hear the short-wave stations clearly, and

proper dials). This set is mounted in a
really beautiful chest -high console.

yet at a moment's notice switch over to
the broadcast band for high -quality recep-
tion of local stations. This is also one
of the first American receivers to incor-
porate a high wave band above the standard
broadcast band including 2000 meters re-
ception.

Figure 12
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THAT metal tubes will definitely .pro-
vide better short-wave reception is the

conviction of the Hallicraf ter engineers.
The metal tubes permit the elimination of
tube shields, to which source engineers nave
long attributed a lot of the noise in short-
wave receivers. The metal tubes also re-
duced inter -electrode capacities and gave
the advantage of shorter leads, all of which
afforded greater gain and fewer circuit com-
plications.

The circuit diagram in Figure 13 shows
that the new receiver uses metal tubes
throughout as follows: a 6K7 in the r.f.
pre -selector stage; 6L7 as first detector -
mixer; a 6C5 as the oscillator; a 6K7 as
the i.f. stage; a 6H6 as the second de-
tector and avc tube; a 6K7 as the electron
coupled beat oscillator; a 6F5 first audio,
a 6F6 second audio and output tube and a

Figure 13

The Super Skyrider

)Z4 rectifier. The 6L7 tube used here has
no parallel in the glass tubes. The set and
tubes are shown in Figure 10.

The crowded amateur bands demand a
new order of selectivity. The special iron -
core, intermediate -frequency system for this
receiver answers this need adequately.

The new set uses six tuned circuits in
its i.f. system, either with or without the
crystal filter, where most crystal receivers
use only four tuned circuits. True single -
signal reception is assured by this arrange-
ment.

An efficient 5 -band coverage from 7.5 to
550 meters (41,000 to 540 kc.) has been
achieved. This high efficiency is also made
possible through an antenna circuit that is
(in each case) tuned to the low frequency
end of each band. It is capacitively and
inductively coupled to the grid and through

this means uniform gain on all parts of
all the bands is obtained. The crystal filter
is controlled on the front panel by a switch
and a phasing condenser. In addition
there are r.f. gain and audio gain controls,
the send -receive switch and the phone jack.
The knobs, too, are distinctive and highly
practical.

The phone man, too, has a new "gadget"
in the exclusive "low -boost" control that
injects the desired amount of bass into
phone reception, eliminating the "thinness"
so characteristic in phone reception on com-
munication receivers, generally.

Another feature of the new set is the
duomicro-vernier band -spread system. Un-
equalled accuracy of logging is afforded by
this system which combines electrical band
spreading and micro -vernier tuning in an
exclusive and distinctive dial.

THE OUTSIDE AND THE INSIDE

The new G. E. metal variable -mu pentode. The inside view shows the closer spacing and shorter leads.
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SHORT WAVE RADIO

Reception Aids
HARDLY a day goes by but what some

new drama of the ether is unfolded
and it is this unexpected aad dramatic

interest that makes short-wave reception so
exhilarating. Although we are not all priv-
ileged to "sail the seven seas," we can all
be transported, at least for a time, far from
the hum -drum realities of our everyday ex-
istence by sailing the ether lanes on our
present-day short-wave radio receiver.

To get the most pleasure from your
short-wave receiver, there are certain facts
that should be kept in mind.

It is commonly known that short-wave
stations do not operate at all hours, or
every day. It is also well known that these
stations change their wavelengths with the
changing seasons, and some of the large
stations use different frequencies at certain
hours of the day. Short-wave broadcasting
also covers only narrow bands within a
wide wave spectrum which runs from 1500
to some 40, or even 50 thousand kilo-
cycles, including thousands of separate
channels. If it were not for the up-to-date
and accurate World Short -Wave Timetable,
published monthly in RADIO News, all the
best equipment in the world would be of

very little use, as it would be like searching
for a "needle in a hay -stack" to find out
when the stations were operating, where
they were located, and upon what fre-
quencies they were operating.

Short-wave tuning is different from
broadcast tuning. On the long waves we
know almost when and where (on the
dials) to find stations, for we grow ac-
customed to tuning them in day after day.
But on a short-wave set we must search for
the stations at first and then keep a record
of the dial -reading in. order to go back and
get it later. It is not necessary to keep
a written record always, as dial settings on
a short-wave set soon get fixed in the mind
just the same as on long waves. But you
must search for the station at first, and Li
get it you must tune when it is on the air!

In running up and down the dials you
might pass over a distant station dozens
of times and never know it is a station un-
less you happen to stop right on the ex-
act spot where the signal is located. There-
fore, you must tune slowly. Short-wave
stations are mostly experimental and change
quite often. Be sure your station list is
up to date and kept up to date or you will

spend much time tuning for stations that
are not on the air. Then, paying par-
ticular attention to the time each station is
on the air, tune for it near where the
local station was heard on the dial. For
example, you can easily tune in W2XAF,
New York, on 31.48 meters and station
VK3ME is just a shade on the dials
above it.

The Short -Wave Identification Charts,
Figures 14, 15 and 16 will prove a great aid
in identifying short-wave stations received.
By listening to the announcement or ident-
ifying signals of short-wave stations and
referring to the charts, it is possible to
determine the call letters of the station to
which you are listening. Also included arc
the names and addresses of the various
stations for use in obtaining verifications.

Other aids to the short-wave fan in this
chapter include a World "Alphabets"
Chart which will enable you to translate
foreign announcements, a Wavelength -Fre-
quency Chart for converting meters into
kilocycles (and vice versa) and a U. S.
And World -Wide Mileage Chart which
shows the air -line distances between most
of the important cities of the world.

Verifying Short -Wave Calls
ONE of the incidental pleasures of long-

distance reception, on either short-
wave or broadcast bands, is obtaining writ-
ten verifications from the foreign stations.
Many of these "veris" are elaborate, multi-
colored documents and are well -worth
traming; even the simpler and less pre-
tentious ones make good exhibits when you
have company and want to show off your
standing as a DX fan of international ac-
complishments.

Merely hearing a foreign station is only
the first step in the process of getting a
veri. You must appreciate the fact that
writing to a foreign country is not like re-
questing a catalog from a nearby mail-order
house. The first and most important rule
is: WRITE PLAINLY! If at all possible,
typewrite your letter or have someone else
do it for you. At most of the radio sta-
tions in Europe, Asia and South America
there is someone with at least a book knowl-
edge of English.

Use plain white paper, and write on
only one side of the sheet. Spell out the
name of your town and state. To a per-
son unfamiliar with domestic geography,
N.Y., N.J., N.H. and N.M. all look some-
what alike.

If you can find the full street and city

address of the foreign station in any of
the published call lists, put it on your
outgoing envelope. If you can't, the mere
call letters or name of the station, the city
and country are enough. Outside of the
United States, practically all radio stations
are government controlled, and the postal
authorities know where to deliver any-
thing mailed "radio." Of course, put
your own name and full address, including
"U.S.A." after the state, on the outside of
the envelope.

A perfunctory report like "I heard your
signals. Please send me a verification" is
likely to bring back an equally meaning-
less acknowledgment (if any) that you
won't even want to show to friends. Don't
be afraid to go into details; the foreign
stations like it. At one time, the French
used to send short-wave listeners a five -
page mimeographed questionnaire, in which
they asked about everything except the
condition of the DXer's teeth. Give as
much "dope" as you have time for on
the following topics: (1) Exact time of re-
ception - specify Eastern, Central, Moun-
tain or Pacific Time, or better still, Green-
wich Time; (2) what you heard-names
of selections or kind of music, exact time
of announcements, talks, weather or news

reports, etc.; (3) how long you listened
to program; (4) comparative strength and
clarity of signals, fading, extent of atmos-
pherics, etc.; (5) weather conditions at
the time-some listeners even give ba-
rometer readings; (6) type of receiving
set-regenerative, t.r.f., or superhet; (7)
length and direction of aerial; (8) en-
tertainment value of program; (9) how
signals compare generally with those of
other stations in nearby countries.

Giving the station an idea of signal
strength is a problem, as there is no
standard of comparison and even two per-
sons listening to the same program from
the same loud speaker often cannot agree
on any numerical value in the "R" or
"QSA" scales. A better picture of re-
ceiving conditions is given if you say
something like "Music clearly audible
throughout a three-room apartment," or
"Signals heard fifty feet from loud speaker
standing in open window." The station
engineers can then at least visualize your
receiving conditions and get some real idea
as to how the signals came through. Above
all make your report truthful-don't ex-
aggerate.

Information on point 9 is especially wel-
(Continued on Page 14)
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Station Identification Chart
Figure 14

Call Letters Address Name Announcement Identifying Signals

WHO. CJRX James Richardson & Sons, Ltd.. 155 Royal
Alexandra Hotel, Winnipeg, Manitoba

Begins with "0 Canada", Strikes 4 gong"

CNR L'inspecteur General. Directeur de
L'OSice des Posies. Rabat, Morocco

Radio -Maroc "Ici Radio -Rabat dans Maroc" Metronome between selections. finishes
with "La Marseillaise"

COG Short Wave Radio Station, COC, P.O.
Box 98, Havana, Cuba

"Seh-O-Seh, Habana. Cooba." Sometimes
in English

COH Calle B. No 2, Vedado, Havana. Cuba "Estacion de onda Corta Seh-0-ache,"
Spanish and English

CO9GC P.O. Box 137, SWIM), Cuba La Voz de Santiago de Cuba

CO9WR P.O. Box 85, Sancti Spiritus. Cuba Radio Ullman! Announces In English and Spanish Chimes somewhat like N. B. C.

CP5, CP6, CP7 Compania Radio Bolivian', Calle Socabaya
231, La Paz. Bolivia

"Radio Illimanl"

CQN Postmaster General, Macao, Asia

CR6AA Cairn Postal 118. Lobito, Angola, Port. W.
Africa

CR7AA Gremio dos Radioelos da Colonla de
Mozambique. Portguese, E. Africa

Radio Colonial "Radio Lorenzo Marques"

CT1AA Av. Duque de Avila, 86 tic, Lisbon,
Portugal

"CT1AA. Radio Colonial" 3 cuckoo calls

CT1CT Oscar G. Lomelino, Rua Gomes Freire 79.
Lisbon. Portugal

CTIGO Portuguese Radio Club. Parade. Portugal

Cilia Ponta Delgada. Sao Miguel. Azores "Aki say-tay-doix-aNhota, estacao amt.
sora da Ponta Delgada, Sao Miguel.
Azores." Also English announcements

Ends with Portuguese National Hymn

DFB Reichaix,stzentralamt, Berlin, Germany Three tone whistle at beginning of trans-
mission: D. C. 0.

DJA, 1)311, DJC,
DM. DJN, DR)

Relchsrundfunkgesellschaft, [taus des
Itundfunks, Iterlin-Charlottenburg, 9.
Germany

"Dear Friends and listeners in North
America." etc.. German. English and
Spaniel, spoken

Chimes-Eight notes of old German song.
freqUently repeated

EAQ Station EAQ, Apartado Correos 951,
Madrid, Spain

"Akee Ay-Ah-Coo Madrid Espana," Big
Ben Chimes. Announces In Spanish and
English

Ends with "Rachmaninoff's Prelude"

FIQA Dept of Mall, Telegraph & Telephone.
Tananarive, Madagascar

"Radio Tananarive." Opens with "Ramona," ends
with "Marseillalse"

FYA Station Radio -Colonial., 98 Bic Bonk-
yard Haussmann, ['aria, (Bel. France

Radio -Colonials "lel Paree, Radio Coloniale." Does not
use call letters

Chimes of French clock. quarter hours.
Ends with "Marseillaise" and Bon soh.
Mesdames. Bon soir Mesdemoiselles. Bon
soir Messieurs"

USA, (MB, GSC.
USD, GSE, GOV,
080. GEIH

British Broadcasting Corp.. Broadcasting
House. London, WI, England

"This is London calling you" Starts and Finishes with Big Ben's Gong.
Sometimes "God Save the King"

G6RX Mr. G. A. Struthers. Rugby Radio Sta-
tion, Hillmorton, England

HAS. HAT A. Magyar Kir Pasta, Kiserletl Allomasa.
Gyall-ut 22. Budapest, IX. Hungary

HBL-HIIP M. O. Gallaratl. Information Section.
League of Nations, Geneva. Switzerland

Radio Nations "Radio Nations." Does not use call let -
tars: speaks English. Spanish and French

11119A0 Lausanne. Switzerland

11119B Radio Club Basel, Postfach Basel 1.
SwitzerlandSwitzerland

Radio Club Basel Intermission: signal "e mica

11C.111 Radio Station IICJIL Casilla 691, Quito.
Ecdador

La Voz de los Andes "La Voz de los Andes" Two tone chime, announces in Spanish
and English

11C2ET Radiodifusora 11C2EP, Box 249.
Guayaquil, Ecuador

El Telegrafo

11C2RL Dr. Roberto Levl, Box 759, Guayaquil,
Ecuador

Quint' Pledsd "Hello, America," Announce in English
and Spanish

Ecuadorian Anthem

11H28 Mr. Armand Mallebranche, P. 0. Box
A-103. Port au Prince. Haiti

11111 La Vos del Higuamo. San Pedro de
'laconic Dominican Republic

La Voz del MAIM° Spanish and English every half hour:
11111 Santo Domingo. operating on a

frequency of 6818 he."

111Z Secretaria de Estado. De Tribal° y Com-
unicaciones, Santo Domingo. Dominican
Republic

1111A Rafael Western. Box 423, Santiago de
los Caballeros. Dominican Republic

La Voz del 1 aqua La Vox del Vague" Plays "Anchors Aweigh" at start and
finish of program

HILT P.O. Box 204. San Pedro de /Licari',
Dominican Republic

1113C La V07. del Rio Dolce. La Romans.
Dominican Republic

La Vox del Rio Dulce

"La Vox tie Barranquilla. Acha-hota-uno-
ah-belt-beh." announces in Spanish and

Chimes

1114D La Voz de Qubsueya, Santo Domingo. D.R.

11.11ABB Elias J. Pellet, Box 715, Barranquilla.
Colombia

La Voz de Barranquilla Chimes like NBC

11,11ABD

ILHABB

Sr. Ignacio de Villareal. Radio Station
IIJIA 11D. Cartagena, Colombia
Sr. Jose IL Fuentes L. Apartado Postal
31, Cartagena, Colombia

Ondas de la Iteroica English and Spanish Three -note chimes

La Voz de los Laboratorlos
"Fuentes"

Ends transmission with "Aloha Oe .

11.11A110 La Voz del Atlantico. Apartado 818.
Barranquilla, Colombia

La Voz del Atlantic.

11J1ABII Sr. Sergio Martinez Aparicio, Malaga,
Colombia

11.12ABA Pompillo Sanchez C., Tunht Boyaca,
Colombia

La Voz del Pais "La Vox del Pals"

H.13AIID Colombia Broadcasting, Calle 16, No.
5-40, Bogota. Colombia

Ecos de Calle "Atcha-Kah-Effete' Gong

HJ3ABII La Von de la Victor. Apartado 565,
Bogota. Colombia

La Voz de la Victor

I1J4ABA Medellin, Colombia Erns de la Montana
IMAM,
ILHAIIII

Eros del Occidente
P.O. Box 79, Manizales, Colombia

Ecos del Occident' "HJ4ABL" L as in Lady" Four strokes on gong

11.14ABC Pereira, Colombia La Voz de Pereira "Emden ache-hotah-quatro-ab-bay-say,
La Voz de Pereira. Pereira, Colombia"

Chimes before Announcements

71.14A11 Pia. Itadiodifusors de Medellin,
Medellin, Colombia

La Voz de Antioqula "Aqui la scha-hotah-quatro-ah-bay-ay en
Medellin. Colombia." Also English an-
nouncements
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Station Identification Chart
Figure 15

Call Letters

HJ4ABN

Address

Manizales, Colombia

Name

Ecos del Occidente

Announcement

"Ecos del Occident."

Identifying Signals

HJ5ABC R. Angulo Radlodifusura HJ5ABC, Cali,
Colombia

La Vos de Colombia

HJ5ABD Call. Colombia

HP5B

HP5J

HRPI

Estacion Miramar, Buz 910, Panama City

Sr. Manuel Diaz Doce, La Voz de Panama.
111'5J Apartado 867, Panama City, Panama

The Voice of Panama

"Achay-jay-sinko-ah-bay-day"

"Estacion Miramar." the voice of Panama

Sr. Manuel Escoto. Radio Station IIRP1,
San Pedro Sula, Honduras

EINJ

12R0 (2R0)

JES

JVH, JVAL
etc.

J V R

LSY

OA %4B

4JAN:4D

OEB2

JRP, ORK. ORG

OXY

PCJ

PHI

P11.1

PLY. PRY. etc.
Bandung Stations

PRADO

PRA8

PRF5

RW15

RW59

TFK, TFJ, TFL

TGWA

TGX

TIEP, T12EP

TIGPII

Station HVJ,
Vatican City, Italy

El Eco de Honduru en San
Pedro Sula

Laudetur Jesus Christus

Spanish and English Music box will play the first note of Na-
tional Hymn between selections. (in the
near future)

Ente Hallam) Audiziani Radlofoniche,
Via Montano No. 5, Rome, Italy

Prato Smeraldo "Radio Roma Napoli." Lady announcer.
sometimes  whole sizing of Italian cities;
duel not use complete call letters. During
American hour from Rome a man an-
nouncer says "Ilt 0, Rome"

Clock's ticks in studio. Announcer begins
with "Pronto, pronto, Radio Vatican,"
ends with "Laudetur Jesus Chasing"

Kokusai-Denwa Kaisha Ltd. Osaka Bldg..
Knilmachlku, Tokyo, Japan
Kemlkawa Sending Station. Kemikawa-
Cho, Chiba -Ken, Japan
Dept. of Commerce, Division of Radio-
telegraphy, Oslo, Norway
Transradlo Internacional, San Martin 329,
Buenos Aires, Argentina
Messrs. Orellaud & Co. Apartado 1242,
Lima, Peru

D. U. S. A., All-American Cables, Inc.,
835, Lima, Peru

"Osaki." Announcer speaks English and
Japanese. announcer seems to be American
English and Japanese

"Broadcasting Oslo"

Ends with National Anthem

3 gongs -2 gongs, 1 pause. 1 Sonar 1
pause then 1 chime
Interval signal: short series of musical
notes

Begins with xylophone notes E. K, (I
sharp, A

"Transmits la eua del auto" or, "Trans -
mite la cua Grellud de Lima" or,
"Transmits la estacion oh-ah-ekis-quatro-
bay de Lima, etc."

La Vas de Peru

Oeeterr. Radloverkehrs, A. G., Johannes -
1111150 4b, Vienna, Austria

Reda des Telegraphes et des
Telephones. Direction des Radiocommu-
nications. Brussels, Belgium
Statsradlofonien, Ileiberasgade 7, Copen-
hagen, Denmark
Philips Radio, Emmulngel 29, Mini -
haven, Holland
P11051 Studies. Hilversum, Roland

Middelbare Technische School, °rani.-
laan 12, Dordrecht, Netherlands

Beiradia

"Radio D. U. S. A., La Vos de Peru."
In Spanish and English
"Hallo Hier Radio Wien" Metronome can be heard

"Id Bruxelles I. N. B. emission 'panti-
les pour" is Congo oar la station de
Buysselede

Finishes with "La Itrabanconne"

Chimes of the Town Hall clock at
6 D. m. EST

Announces ill Dutch, Malay, German,
Franca', English, Spanish and Portu-
IMMO. "Hallo, Hallo PHI, Roland."
also "This is Huizen"
Announcements in English, German and
Dutch.

Signs off with Dutch National Hymn.

Begins with: cq "de PL1J" in code.; ends
with National Anthem and again the call
in code

Mr. H. van der Veen, Engineer in
Charge, Java Wireless Stations, Ban-
dung, Java, D. E. I.

Estacion Radlodtfusors del Prado, Apar-
tado de Correa. 98, Riobamba, Ecuador
Radio Club de Pernambuco Avenida
Cruz Cabuga 894 Recife, Brazil
International Radio Cc. of Brazil, Rio
de Janeiro, Brazil

El Prado

"A Von do Norte"

PLY plays 3 records, mute calling on
4th record; PLF. PMC begin transmissions
with 3 auto horn notes; F, D. C.

"Estaclon del PRADO, Blobamba, Ecua-
dor." In Spanish and 'English

Chimes at 12:00, 7:00 and 8:00 p. m.

La Presse National "Short-wave Station PBS'S, F for Friday.
Rrtio-de-Janeiro, Brazil"

Far East Radio Station, Khabarovsk,
Siberia
Radio Centre, Sollanka 12, Moscow
USSR

Itiksutvarp Islands, Beg 547, Reykiadk.
Iceland

Workers of the World "Moscow Calling." Announces in German,
French, Spanish, Hungarian, Swedish and
English on different days of the week

3 chimes-announces In Portuguese,
French, English, and Spanish

Plays the "International" at beginning
and end of transmissions

Radlodifusora Nacional "TOW", Guate-
mala City, Guatemala
M. A. Malicano Novales, El Liberal Pro-
crostini, Guatemala City, Guatemala
E. Pinto Hernandez, Apartado de Co-
rreos 257, San Jose, Costa Rica
"Alma Tics" San Jose, Costa Rica

TIPG
1(12PG

Sr. Perry Girton, Costa Rica Radio and
iroadcasting Station, Apartado 225,

San Jose, Costa Rica

La Yes del Tropic()

"Alma Tina"

"La Vos del Tropico"

"This is Radio Station TIP°. Costa
Rica. Costa Rica Broadcasting Station"

TIRCC

TI4NRII

VE9CA

YE9C111

VE9DR

VE9G W

Sr. Cespedes Marin, P. 0. Box 1044, San
Jose, Costa Rica
Amando Cespedes Marin, Heredla, Costa
Rica

Radio emlsora Catalina CO.
tarricense, TIRCC
Sol Lucet Omnibus English and Spanish spoken

Two tone high frequency signals

Bugle calls and bird calls, finishes with
March of Costa Rican Republic

Calgary, Alberta
Radio Service Engineers, Ltd., 734 Davie
Street, Vancouver, B. C., Canada

Voice of the Prairie "Voice of the Prairie'
Sounds two bells between selections

Canadian Marconi Co.. P. 0. Box 1690,
Montreal, Quebec, Canada
R.R. No. 4, Bownianville, Ont.. Canada "Cr iadian Radio Commission Station

VF ../W at Bowmanville, Ontario. Canada"
4

isaton
on gong at beginning of Wass-

vE911X

V li2ME

The Maritime Broadcasting Co., Ltd..
Box 998, Haifax, Nova Scotia, Canada
Amalgamated Wireless (Australasia) Ltd.,
Box 2518 BB G. P. 0., Sydney. Australis

The Key Station of the Mari-
times
The Voles of Australia "Yee-K1-2ME, Sydney Amalgamated

Wireless of Australis"

can of laughing notes of kookaburra Sire
Finishes with "God Save The King"
Has that "Empty hall" effect during as.
nouncements
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Station Identification Chart
Figure 16

Call Letters Address Name Announcement Identifying Signals

VK3ME Melbourne, Australia "Vee-110-3-ME, Melbourne Amalgamated
Wireless of Australia"

Begins with clock chimes

VK3LR Postmaster -General's Dept, Treasury Gar-
dens Melbourne C2, Victoria. Australia

VK3ZX Mr. G. C. Bryce. 501 Royal Parade,
Rockville, N-2. Melbourne, Australia

VI'D Amalgamated Wireless (Australasia) Ltd.
Suva, Fill

Radio Suva

,P1A Amalgamated Wireless Ltd., Suva. Fill
Islands

"Suva Radio calling" Transmissions begin with "Song or the
Islands" and end with "God Save The
King"

VH710 Cable and Wireless Ltd.' P.O. Box 777,
Nairobi. Kenya Colony, British East
Africa _

-_
VUB Indian State Broadcasting Service, Irwin

House, Sprott Road, Ballard Estate,
Bombay. India

WVD c/o Alaska Telegraph System, Seattle.
Washington

W1XAL World Wide Broadcasting Corp., 70
Brookline Ave., Boston, Massachusetts

"This is international S.W. Station
W1XAL at Boston

W1XAZ Radio Station 'W1XAZ, Bradford Hotel,
Boston, Massachusetts

"Westinghouse Stations WBZ. WBZA and
Short -Wave station W1XAZ"

W2XAF-
W2XAD

General Electric Co., Schenectady, N. Y. The voice of electricity "This is WGY and W2XAF,"
"or This is WOY and W2XAD"

Begins each program with a discharge ,r
10 !zillion volts

W2XE Columbia Broadcasting System, 485
Madison Avenue. New York City

"This is the Columbia Broadcasting Sys -
tem SW Experimental station W2XE"-
in various languages -_

W3XAU %%TAU Broadcasting Co.. 1622 Chestnut
Street, Philadelphia. Pa.

This is the Columbia Broadcasting Sys -
tem
S W. Station W3XAU at Philadelphia"

W3XAL. W3XL National Broadcasting Co., Rockefeller
Plaza, New York City

"W3XAL. Bound Brook, New Jersey"

WSXAL C1.08103, Radio Corp.. Cincinnati, Ohio The Nation's Station "The Nation's Station WLW and 8.W
Station W8XAL" --- -

NBC chimesW8XK Westinghouse Elec. Mfg. Co., Hotel Wil-
Ram Penn, Pittsburgh, Pa.

"This Is Westinghouse Station KDKA and
Its S.W. complement, WS/CR"

W9X.AA lite Voice of Labor, 665 Lake Shore Drive
Chicago, Illinois

The Voice of Labor "WCFL and We/CAA, The Voice of of
Labor"

W9X1P National Broadcasting Co., Inc., bier.
chandise Mart. Chicago, Illinois

'W9XF, Chicago, 6100kc" NBC chimes

ZEST 13. Sancrlatobal, Apartado 19-44. Mexico.
li.F., Mexico

El jaili Tons

--
Announce in Spanish and English Blowing of automobile horn-like very

fast "cuckoo" calls, repeated twice. some-
time/ a siren. Sign off with Ave Maria

XECR Ministry of Foreign Affairs. Mexico City,
Mexico

"La estacion de onda corta. ekis-ay-say-
array"

MEOW El Caballero Xantocam. Calle del Vella
120, Mexico. D. F., Mexico

XQAJ 00 Love Lane, Shanghai, China - -- -
X2A1.1 "Foreign Club" Tijuana, B. C., Mexico

YNLF Sr. M. Le Franc, 206 Calle 15 de Sep-
tiembre, Managua, Nicaragua

La Vox de Nicaragua "La Voz de Nicaragua"

YN1GG Managua, Nicargua. La Voz de los Lagos _--

YV2RC Broadcasting Caracas. Apartado de Co-
rreos 290, Caracas, Venezuela

Broadcasting Caracas "Ee-vay-doe-errayeeh broadcasting Carac
cart"

Chimes each quarter hour. Sign off with
Venezuela Anthem

YV3RC Caracas, Venezuela Radiodifusora, Venezuela Ee-vay.trays-easy-say Plays bells on the hour. Two chimes,
repeated. before announcement
Strikes gong before announcingYV5RMO Sr. S. M. Vegas. Apartado de Correos

214, Maracaibo, Venezuela
Ecos del Caribe "Ecos del Caribe"

YV611,V Valencia, Venezuela La Voz de Carabobu "La Von de Carabobo, Ee-vay-sez-array.
vay"

Strikes gong before announcement

ZCK- P.O. Box 200, Hong Kong, China "This is the Hong Kong Broadcasting
Station Calling"

ZFD Town Clerk, St. George, Bermuda
WIN The Malayan Amateur Society, Mercan-

tile Bank Building. Kuala Lumpur.
Federated Malay States _ Announcements in English only

Ends with "God Save The King"ZEII Radio Service Co. of Malaya. 2 Orchard
[toad, Singapore, Straits Settlements

ZHJ Penang Wireless Society 40 Park Road,
Georgetown, Penang. Straits Settlements

Rueda del Oeste

Opens with "Gott bless the Prince of
Wales"

ZPIO, ZP3AC \relict& de Colombia 885 Asuncion,
Paraguay

Announcements In Spuds!' Begins with bugle call, ends with Na
Ronal Hymn.

ME

ZTJ

Malayan Amateur Society, Singapore,
Malaya

_ ___African Broadcasting Co., Ltd.,Box 4559.
toltannesburit U111011 of South Africa

,

Verifying S. W. Calls
(Cunt/tilled from Page 11)

come to foreign stations, particularly the
short -wavers. The politically embroiled
countries of Europe are frankly out to de-
velop world-wide audiences for their radio
stations, as a means of putting over their
own ideas and propaganda, and they are
most anxious to learn how they are far-

ing in the battle. If you send in regular
reports, say at weekly or bi-weekly inter-
vals, you are likely to be rewarded with
beautiful photographs, engraved diplomas
and even special stamps. More than one
philatelist has taken up DX reception be-
cause of the valuable stamps the veris
often bear!

The fact that the French stations natur-
ally answer your letters in French, the
Germans in German and the Italians in
Italian merely makes the verifications more

interesting. You expected them to read
your English; why shouldn't they expect
you to read their languages? Fortunately.
the Russians write in neatly typed English!
It is surprisingly easy to guess at most of
the contents of these letters, even if you've
forgotten what little French, German or
Spanish you did assimilate at high school.

More and more the foreign stations are
realizing the good -will value of a verifica-
tion in the language of the person who
sent in a report, and many yetis do come
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43 83 76 90 it 78 It 46 50 41 57 59 55 72 16 15 10 70 10 34 24 46 59 39 66 n 13 103 15 51 25 n 15 63 62 52 46 60 31316.405C0vi.u.S.55.

29 413 58 57 49 99 608 57 42 14 83 69 10 85 51 52 47 40 48 31 53 9 41 67 66 63 50 66 44 25 60 57 52 91 82 59 60 51 KHABAROV514.44.5.S.R

23 61 93 74 62 48 63 2Z 41 65 35 23 56 35 55 57 58 25 62 81 63 54 69 97 16 59 56 66 54 73 56 55 59 99 36 t6 25 LOS ANGELES.U.S.A.

33 53 t18 99 42 40 48 4 25 73 25 13 38 29 34 36 40 50 43 19 42 67 101 74 22 36 36 89 31 85 33 36 39 1/ 22 9 NEW YORK ,U.S.A.

29 55 108 90 49 41 52 7 11 72 26 13 45 28 42 44 47 41 51 82 51 63 99 83 14 45 44 80 45 82 42 44 41 86 25 57.1.01.15.115.A.

54 31 1013 95 54 49 26 25 42 95 6 14 52 61 46 41 52 60 55 96 52 88 121 71 23 41 49 81 52 406 40 43 49 63 CARACAS.VENC2UELA

104 42 54 68 56 53 36 81 101 79 65 77 61 66 59 51 59 145 56 59 52 91 59 25 85 49 60 70 65 74 53 53 51 CAPCTOwN.SOUTH AFRICA

49 68 87 105 5 63 56 39 51 57 55 50 7 60 4 3 5 77 6 47 4 61 12 38 60 11 4 118 9 66 9 6 GENEVA SW TZERL AND

51 62 91 110 11 57 50 37 52 62 49 46 63 54 8 6 41 78 12 53 8 67 77 39 56 5 9 124 15 73 3 MADRID. SPAIN

51 59 94 113 14 54 47 35 51 66 46 43 15 51 9 9 44 78 15 56 12 70 81 40 54 4 12 120 17 75 Li5BON.P087uGAL -

53 410 32 39 61 117 141 81 65 12 107 94 60 107 67 6/ 62 53 61 22 61 18 17 58 85 76 64 52 60 MANILA, P. I. WINNIPEG, MAN.

40 76 87 99 8 68 64 36 45 50 57 49 3 62 / 8 5 18 9 45 12 53 69 44 57 20 5 410 054.0.NORwAse WASHINGTON, D.C. 126

73 61 32 14 113 61 72 87 72 62 75 78 112 69 118 118 113 47 112 71 145 58 46 84 68 418 116 wELLINGTON,NEw ZEALAND VANCOUVER, 6.C:1238 1123

44 71 88 103 5 65 59 31 48 54 55 49 3 60 3 3 4 12 7 47 8 58 72 41 58 64 HUIZEN NETHERLANDS TULSA, ON L244165 10696

55 58 92 112 15 52 46 38 54 67 47 45 17 52 12 11 16 81 16 56 12 72 79 38 56 RABAT.MOROCCO 5T.L0UIS,M0. 36 179 174 86

38 46 100 80 63 33 58 21 25 70 20 11 59 19 56 57 61 38 64 96 62 70 403 92 MEXICO CITY SAN FRANCISCO.CAL. 174 14E181-'2441152

82 64 55 75 37 /4 55 75 89 58 76 61 42 79 42 40 39 50 36 38 38 /0 49 NAIROB ,KENYA SALT LAKE CITY, UTAH 60 116 92 81 185i 96

36 9318 32 67 107 95 98 82 36 121 110 69 118 14 73 68 66 66 25 69 36 BANDOENG JAVA RALEIGH,N.C. 18-X31240}64 97.243 231136

35 114 50 48 57 103 117 64 41 12 88 74 55 89 60 60 56 38 56 32 61 TOKIO, JAPAN PORTLAND.ORE. 239 6< 54 03154 26 236,125

52 69 83 101 5 65 57 44 55 56 58 54 9 63 9 7 1 80 5 45 ROME. ITALY PITTSBURGH PA 218 33 167 227 56 92 220 19 1107

513,_402 42 57 43 108 92 77 70 20 102 92 43 106 49 49 44 70 41 CALCUTTA, INDIA PIEDRAS NEGRAS,MEX. 644 470 13r107,142, 91 59 188 154150

49'73 81 99 2 69 61 44 52 51 61 55 6 66 9 7 4 76 BUDAPEST, HUNGARY PHOEN144,ARIZ. 86 183 102 190 St 66 426 93-124198,13e

28 75 68 51 76 66 82 46 27 50 57 48 11 55 72 74 72 HONOLULU. HAWAII NEwYORK.N.Y. 215 173 32 246 44 197 258 168 223 246421 1126

45 73 85 101 3 68 61 40 49 51 58 52 2 63 6 5 BCRLIN.GERMANY NEW ORLEANS,LA. 419 632 65 93 201 77 444 193 60 55 220 981444

47 89 405 6 62 56 37 49 56 54 48 6 56 2 PARIS, FRANCE MONTREAL,OUE 441 38 220 189 46 236 73 195 255 98 134_1332 39 115'

4569 91 106 9 61 58 35 47 55 53 46 6 57 LONDON.ENGLAND MINNEAPOLIS.miNN 96 406 402 130 426 74 644 400 99 159 46 63 145 95,39

56 22 99 83 63 14 29 34 43 99 5 16 63 QUITO. ECUADOR MIAMI, FLA. 452 443 68 in 200 128 103 272 70 210 261 108,119 283 941192-

43 74 85 99 5 68 62 39 47 50 53 51 COPENNAGEN.DENMARK mEmoNis.TCNN. 58 /0 113 36 497 126 76 67 686 64 125 180 25 34 195 771
40 43 440 90 54 29 42 45 28 83 14 HAVANA.CU8A LOS ANGELES,CAL. 161 237 153 247.169 241 37 613 214 83 224 57 34 159 127 608 230154

55 29 98 88 59 15 28 28 42 98 BOGOTA,COLOMBIA HELENA. MONT. 93 140 227 94 184 166 194 92 140 166 52 tea 41 81 424 110 55 185 73

43 122 44 50_51 112 112 70j56 NANKING. CHINA FORT WORTH.TE%. 124 122 45 415 88 155 47 141 86 35 411 162 409 99 146 57 26 1/7 122 121

13 70 92 78 52 /0 69 21 VANCOUVER;CANADA DETROIT MICH. 103 145 198 46 118 54 53 96 49 169 137 21 197 52 149 209 46 81 198 40 86

29 56 113 96 43 52 52 TORONTO.CANADA DES MOINES IA. 54 66 98 144 49 135 24 404 64 403 115 99 12 148 91 95 455 79 48 153 90 61

81 12 83 72 61 16 RIO DE JANEIRO. BRAZIL DENVER. COL. 61 116 66 124 83 88 114 70 163 ice 463 59 82 132 99 147 31 95 79 55 412 149 81

69 13 90 80 68 LA PA2.130..ivIA ClEvELAND.0. 123 51 54 106 159 206 64 411 64 49 94 40 176 640 II 208 43 157 218 50 86 208 30 56

48
__-
73 83 99 VIENNA. AUSTRIA CINCINNATI 0. 23 609 51 24 84 151 190 42 57 60 11 72 58 158 118 26 199 40 445 204 32 66 203 40 95

73 72 20 sTONEY.AUSTRALIA CHICA663,1LL. 25 32 92 31 24 83 125 175 49 120 35 75 8154 12 140 1E1 41 171 64 126 165 21 60 179 60 73

83 16 eurni.AuSTRALIA 130570161.1.4455 64 14 54 177 115 61 158 205 260 164 128 453 144 137 18 229 491 49 255 64 210 270 104 440 226 55 130

73 BUENOS AIRES.AFIGENTINA ATLANTA,13A. 94 59 38 56 121 75 60 75 173 195 33 61 92 100 43 76 160 103 53 218 35 159 214 47 67 226 55 131

ANCHORAGE.ALASKA ALI3u0UEROUE.N.14.1127 696 112 124 142 33 83 136 56 66 67 161 110 98 487 103 151 33 57 649 112 457 50 90 93 59 130 165 114

through in English, even if the phrasing
is ludicrous in places, and the genders are
somewhat mixed. The acknowledgments
from certain of the Central American
stations in particular are actually scream
provoking. But remember the writers of
these letters are oftentimes going to a great
deal of trouble in trying to use English
for your convenience and benefit.

No matter what else you put into your
outgoing envelope, you must be sure to
include return postage. Now, for years,
radio writers have been telling American
listeners to send International Postal -Reply
Coupons, which cost nine cents apiece and
are good in countries belonging to the

Figure 17

Postal Union, but even postoffices in large
cities do not always have them in stock.
Besides, some important countries, the
Soviet Republics, for instance, are not mem-
bers of the Union. It is a nuisance any-
way to convert these coupons into stamps.

To simplify matters in this regard, the
International DXer's Alliance has inaug-
urated a unique Postage Stamp Exchange,
through which listeners can obtain gen-
uine stamps of all countries at cost, plus
a service charge of one cent, which is
cheap enough. Thus in writing for verifi-
cations, the listener first purchases a stamp
of the country from which the yeti is re-
quested. and encloses this with his report.

At the other end, the station manager has
only to stick this stamp on his own en-
velope, without going to the bother of con-
verting postal coupons. This is a great
idea and many DXers will undoubtedly
avail themselves of the service.

The Stamp Exchange, which is directed
by R. W. Schofield (an Official Ritmo
NEWS L.P.O. for Montana), carries stamps
of 65 countries. Readers desiring informa-
tion should address inquiries as follows:
I.D.A. Stamp Exchange, 300 Evans Ave.
nue, Missoula, Montana, U. S. A. This
exchange was originally intended only for
members of the International DXer's Al-
liance, but was recently extended to all.

U. S. & World -Wide Mileage Chart
rdetermine mileage between any two

of the listed cities of the world, first
find these two cities on the top triangle
of the world chart (Figure 17). Follow
the horizontal column across the chart from
the upper city, and the vertical column up
from the lower city. The box at which

these two columns intersect shows the re-
quired mileage in hundreds. The same
method applies to the U. S. chart (lower
triangle) except that mileages are shown in
tens.

All mileages show the shortest (great
circle) paths between points.

Just for an example, suppose you live
in New York City and hear a station in
Tokyo. By glancing at the mileage chart,
following the horizontal column next to
New York across until it bisects the ver-
tical column up from Tokyo, you find the
distance to be 6,700 miles.

World **Alphabets" Chart

THE
World "Alphabets" Chart, Figure

18 is arranged for the purpose of as-
isting the radio DX listener in recogniz-
ing quickly the spoken call letters of for-
eign broadcasting stations. They must,
therefore, be simple, and easy of recogni-
tion. All diacritical marks have been
omitted. This means that a few of the

(lee Page 16)

letters are somewhat unscientifically repre-
sented, their true sounds being only ap-
proximately given. These are the letters
with no true representation in English
spelling. The alphabets are not for the
purpose of learning to pronounce the
letters, but to help recognize them.

The seven columns give the alphabet and

first ten numbers in English, German,
French, Italian, Portuguese, Spanish and
Dutch, respectively. All pronunciations
are given as they sound when spelled in
English. The numerals are given in the
original language with pronunciation (in
parenthesis) as they would sound in Eng-
lish pronunciation.
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ENGLISH
ALPHABET

GERMAN
PRONUNCIATION

FRENCH
PRONUNCIATION

ITALIAN
PRONUNCIATION

PORTUGUESE
PRONUNCIATION

SPANISH
PRONUNCIATION

DUTCH
PRONUNCIATION

a ah ah ah ah ah ah
b bay bay bay beh beh bay
c tsay say chay seh seh say
d day day dee deh deh day
e ay ay ay eh eh (as in mate) ayf eff of effa effeh effeh eff
g gay za Y (pi

like
ge ( gaeenjUls) zhay heh ghat'

h hah ash ahk-kah a-gah (er-gah) acha hah
i ee ee ee (g2= e) ee ee ee ( ri-Aic3)

yot (ah zeezee ( t%kaelare) zhota hots ja (yay)
k kah kah kappa kah kah kah
1 ell el ells elleh elleh el

m em em emma emmeh emmeh em
n en en enna enneh enneh en
o oh oh! o (as in toll) o (as in kr) 0 roh?A-tsphan oah (ze:g
P pay pay pay peh peh pay
q koo keeu koo keh koo keeu
r err air (aer) erra err (airy) erreh err
S ess ess essa esseh esseh es
t tay tay tay teh teh tay
u oo eeu oo 00 oo eeu
v fow (g,',"d) vay veh veh vay
w vay doppio-vay veh-dobrado dobleh-veh way
x iks eeks iks sheeze ekis iks
Y ipill on e-greco ' P847-ggrigoo ee-gre-eh-ga aai
z tset zett dzay-ta zeh theta zett
1 ein (Ur%) un (uhn) uno un uno een (ayn)
2 zwei (zwy) deux ( linkaicrt-it) due 7118:4) dous dos twee (twat')
3 drei (dry) troix (trwa) tre %Mg) trez tres(trace) drie (dree)
4 vier (feer) quatre (katr) quatro quatro cuatro(quatro) vier (veer)
5 fiinf (feeunf) cinq (sank) cinque(chinq-que) cinco(sinko) cinco(sinko) vi jf ( vaif)
6 sechs (zex) Six (seers) sei (s7,1,",,,,M seis (eel in) seis zee

sept (set) sette(setteh) sete esait'l siete(sieteh) zeven (zaven)7 sieben(zeeben)
8 acht (ahcht) huit (weet) otto (fntrgihr) oito ( 0:,11 ocho acht (ahcht)

neun ( noin) neuf (nerf) nove(noveh) nove (noveh) nueve(nueveh) negen(nayghen
tien (s igtweth)

9
10 zehn (tsayn) d ix (dees) dieci(diechi) dez (e afin) diez (deeis)

Figure 18

Wavelength -Frequency Chart
THE chart in Figure 19 permits the in-

stantaneous determination of the fre-
quency corresponding to any wavelength-
or the wavelength equivalent of any fre-
quency throughout the entire radio spec-
tnim.

To find the frequency corresponding to
any wavelength between 10.1 meters and
100 meters, or the wavelength equivalent
of any frequency between 29,690 and 2,998,
the chart may be read directly. Outside
of this range the reading is made by shift-
ing the decimal points. Thus, if one de-
sires to find the frequency equivalent of
101 meters, for instance, shift the decimal

(see Page 17)

point of the frequency one place to the
left. This will show the frequency to be
2969 kc. If the frequency corresponding
to 1010 meters is required, shift the wave-
length decimal of the first item two places
to the right and the frequency decimal two
places in the opposite direction, and from
this will be found that the required fre-
quency is 296.9 kc.

In the same way, if the wavelength for
a given frequency is desired, simply locate
the frequency nearest to this value in the
frequency column, moving the decimal
point if necessary, and opposite it will be
shown the corresponding wavelength, al-

ways shifting the decimal point in one
column the same number of places (but
in the opposite direction) as the point was
shifted in the other column.

Where the frequency is known in terms
of megacycles, its equivalent in kilocycles
is found by simply adding three ciphers
to the megacycle figure.

Formerly all short-wave enthusiasts
thought in terms of wavelengths and re-
ceivers, if calibrated at all, were calibrated
in wavelengths. Now, however, the trend
is definitely toward the use of frequencies
rather than wavelengths. Because of this
the chart shown will prove very useful.
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WAVELENGTH -FREQUENCY CHART
Figure 19

M.

10.1
10.2
10.3
10.4
10.5

10.6
10.7
10.8

10.9
11.0

11.1

11.2
11.3
11.4
11.5

11.6
11.7
11.8
11.9
12.0

12.1
12.2
12.3
12.4
12.5

12.6
12.7
12.8
12.9
13.0

13.1

13.2
13.3
13.4
13.5

13.6
13.7
13.8
13.9
14.0

14.1

14.2
14.3
14.4
14.5

14.6
14.7

14.8
14.9

15.0

15.1
15.2
15.3
15.4
15.5

15.6
15.7
15.8
15.9
16.0

16.1
16.2
16.3
16.4
16.5

16.6
16.7
16.8
16.9
17.0

17.1
17.2
17.3
17.4
17.5

17.6
17.7
17.8
17.9

18.0

18.1

18.2
18.3
18.4
18.5

18.6
18.7
18.8
18.9
19.0

19.1

19.2
19.3
19.4
19.5

19.6
19.7
19.8
19.9
20.0

KC.

29,690
29,390
29,110
28,830
28,550

28,280
28,020
27,760
27.510
27,260

27,010
26,770
26,530
26,300
26,070

25,$50
25,630
25,410
25,200
24,990

24,780
24,880
24,380
24,180
23,990

23,800
23,610
23,420
23,210-
23,060

22,890
22,710
22.540
22,370
22,210

22.040
21,880
21,730
21,570
21,420

21,260
21,110
20,970
20.820
20,680

20.540
20,400
20,260
20,120
19,990

19,860
19,720
19,600
19,470
19,340

19,220
19,100
18.980
18.860
18,740

18,620
18,810
18,390
18,280
18,170

18,060
17,950
17,850
17,740
17,640

17.530
17,430
17,330
17,230
17,130

17,040
16,940
16,840
16,750
16,660

16,560
16,470
16,380
16,290
16.210

16,120
16.030
15,950

15.860
15.780

15,700
15,620
15,530
15,450
15.380

15,300
15.220
15,140
15,070
14,990

M.

20.1
20.2
20.3
20.4
20.5

20.6
20.7
20.8
20.9
21.0

21.1

21.2
21.3
21.4
21.5

21.6
21.7
21.8
21.9
22.0

22.1
22.2
22.3
22.4
22.5

22.6
22.7
22.8
22.9
23.0

23.1
23.2
23.3
23.4
23.5

23.6
23.7
23.8
23.9
24.0

24.1
24.2
24.3
24.4
24.5

24.6
24.7
24.8
24.9
25.0

23.1
25.2
25.3
25.4
25.5

28.6
25.7
25.8
25.9
26.0

26.1
26.2
26.3
26.4
26.5

26.6
26.7
26.8
26.9
27.0

27.1
27.2
27.3
27.4
27.5

27.6
27.7
27.8
27.9
28.0

28.1
28.2
28.3
28.4
28.5

28.6
28.7
28.8
28.9
29.0

29.1
29.2
29.3
29.4
29.5

29.6
29.7
29.8
29.9
30.0

KC.

14,920
14,840
14.770
14,700
14,630

14,550
14,480
14,410
14,350
14,280

14.210
14,140
14.080
14,010
13,950

13.880
13,810
13,750
13,690
13,630

13.570
13,510
13,440
13,380
13,330

13,270
13,210
13,150
13,090
13,440

12,980
12,920
12,870
12,810
12,760

12,700
12,650
12,600
12,540
12,490

12,440
12,390
12,340
12,290
12,240

12,190
12,140
12,090
12,040
11,990

11,950
11,900
11,850
11,800
11,760

M. I KC.

30.1
30.2
30.3
30.4
30.5

30.6
30.7
30.8
30.9
31.0

31.1
31.2
31.3
31.4
31.5

31.6
31.7
31.8
31.9
32.0

32.1
32.2
32.3
32.4
32.5

32.6
32.7
32.8
32.9
33.0

33.1

33.2
33.3
33.4
33.5

33.6
33.7
33.8
13.9
34.0

34.1
34.2
34.3
34.4
34.5

34.6
34.7
34.8
34.9
35.0

35.1
35.2
35.3
35.4
35.5

11,710 35.6
11,670 35.7
11,620 35.8
11,580 35.9
11,530 36.0

11,490 36.1
11,440 36.2
11,400 36.3
11,360 36.4
11,310 36,5

11,270 4 36.6
11,230 36.7
11,190 36.8
11.150 36.9
11,100 37.0

11,060
11,020
10,980
10,940
10,900

10,860
10,820
10,780
10,750
10,710

10,670
10,630
10,590
10,560
10,520

10,480
10,450
10,410
10,370
10,340

10,300
10,270
10,230
10,200
10.160

10,130
10.090
10,060
10,030
9,994

37.1
37.2
37.3
37.4
37.5

37.6
37.7
37.8
37.9
38.0

38.1
38.2
38.3
38.4
38.5

38.6
38.7
38.8
38.9
39.0

39.1
39.2
39.3
39.4
39.5

39.6
39.7
39.8
39.9
40.0

M. I KC. M. KC. M. K C. M. KC.

9.961
9,928
9,895
9,862
9,830

9,798
9,766
9,734
9,703
9,672

9,641
9,610
9,579
9,548
9,518

9,488
9,458
9,428
9.399
9,369

9,340
9,311
9,282
0,254
9,225

9,197
9,169
9,141
9,113
9,086

9,058
9,031
9,004
8,977
8,950

8,923
8,897
8,870
8,844
8,818

8,742
8,767
8,741
8,716
8,690

8,665
8,640
8,616
8,591
8,566

8,542
8,518
8,494
8,470
8,446

8,422
8,398
8,375
8,352
8,328

8,305
8,282
8,260
8,237
8,214

8,192
8,174
8,147
8,125
8,103

8,081
8,060
8,038
8,017
7,995

7,974
7,953
7,932
7,911
7,890

7,869
7,849
7,828
7,808
7,788

7,767
7,747
7,727
7,707
7,688

7,668
7,648
7,629
7.610
7,590

7,571
7,552
7.533
7,514
7,4%

40.1
40.2
40.3
40.4
40.5

40.6
40.7
40.8
40.9
41.0

41.1
41.2
41.3
41.4
41.5

41.6
41.7
41.8
41.9
42.0

42.1
42.2
42.3
42.4
42.5

42.6
42.7
42.8
42.9
43.0

43.1
43.2
43.3
43.4
43.5

43.6
43.7
43.8
43.9
44.0

44.1
44.2
44.3
44.4
44.5

44.6
44.7
44.8
44.9
45.0

45.1
45.2
45.3
45.4
45.5

45.6
45.7
45.8
45.9
46.0

46.1

46.2
46.3
46.4
46.5

46.6
46.7
46.8
46.9
47.0

47.1
47.2
47.3
47.4
47.5

47.6
47.7
47.8
47.9
48.0

48.1
48.2
48.3
48.4
48.5

48.6
48.7
48.8
48.9
49.0

49.1
49.2
49.3
49.4
49.5

49.6
49.7
49.8
49.9
50.0

7,477
7,458
7,440
7.421
7,403

7,385
7,367
7,349
7,331
7,313

7,295
7,277
7,260
7,242
7,225

7,207
7,190
7,173
7,156
7,139

7,122
7,105
7,088
7,071
7,055

7,038
7,022
7,005
6,989
6,973

6,956
6,940
6,924
6,908
6,892

6,877
6,861
6,845
6,830
6,814

6,799
6,783
6,768
6,753
6,738

6,722
6,707
6,692
6,678
6,663

6,648
6,633
6,619
6.604
6,589

6,575
6,561
6,546
6,532
6,518

6,504
6,490
6,476
6,462
6,448

6,434
6,420
6,406
6.393
6,379

6,366
6,352
6,339
6,325
6;312

6,299
6,286
6,272
6,259
6,246

6,233
6,220
6,207
6,195
6,182

6,169
6,156
6,144
6,131
6,119

6,106
6,094
6,082
6,069
6,057

6,043
6,033
6,020
6,008
5,996

50.1

50.2
50.3
50.4
50.5

50.6
50.7
50.8
50.9
51.0

31.1
51.2
51.3
51.4
51.5

51.6
51.7
51.8
51.9
52.0

52.1
52.2
52.3
52.4
52.5

52.6
52.7
52.8
52.9
53.0

53.1
53.2
53.3
53.4
53.5

53.6
53.7
53.8
53.9
54.0

54.1
54.2
54.3
54.4
54.5

54.6'

54.7
54.8
54.9
55.0

55.1
55.2
55.3
50.4
55.5

55.6
55.7
55.8
55.9
56.0

56.1
56.2
56.3
56.4
56.5

56.6
56.7
56.8
56.9
57.0

57.1
57.2
57.3
57.4
57.5

57.6
57.7
57.8
57.9
58.0

58.1
58.2
58.3
58.4
58.5

58.6
58.7
58.8
58.9
59.0

59.1
59.2
59.3
59.4
59.5

59.6
59.7
59.8
59.9
60.0

5,984
5,973
5,961
5,949
5,937

5,925
5,913
5,902
5,890
5,879

5,867
5,856
5,844
5,833
5,822

5,810
5,799
5,788
5,777
5,766

5,755
5,744
5,733
5,722
5,711

5,700
5,689
5,678
5,668
5,657

5,646
5,636
5,625
5,615
5,604

5,594
5,583
5,573
5,563
5,552

5,542
5,532
5,522
5,511
5,501

5,481
5,471
5,461
5,431

5,441
5,432
5,422
5,412
5,402

5,392
5,383
5,373
5,364
5,354

5,344
5,335
5,325
5,316
5,307

3,297
5,288
5,279
5,269
5,260

5,251
5.242
5,232
5,223
5,214

5,205
5,196
5.187
5,178
5,169

3,160
5,152
5,143
5,134
5,125

5,116
5,108
5,099
5,090
5,082

5,073
5.065
5,056
5,047
5,039

5,031
5,022
5.014
5,005
4,997

60.1
60.2
60.3
60.4
60.5

60.6
60.7
60.8
60.9
61.0

61.1
61.2
61.3
61.4
61.5

61.6
61.7
61.8
61.9
62.0

62.1
62.2
62.3
62.4
62.5

62.6
62.7
62.8
62.9
63.0

63.1
63.2
63.3
63.4
63.5

63.6
63.7
63.8
63.9
64.0

64.1
64.2
64.3
64.4
64.5

64.6
64.7
64.8
64.9
65.0

65.1
65.2
65.3
65.4
65.5

65.6
65.7
65.8
65.9
66.0

66.1
66.2
66.3
66.4
66.5
66.6
66.7
66.8
66.9
67.0

67.1
67.2
67.3
67.4
67.5

67.6
67.7
67.8
67.9
68.0

68.1
68.2
68.3
68.4
68.5

68.6
68.7
68.8
68.9
69.0

69.1
69.2
69.3
69.4
69 5

69.6
69.7
69.8
69.9
70.0

4,989
4.980
4,972
4,964
4.956

4,948
4,939
4,931
4,923
4,915

4,907
4,899
4.891
4,883
4,875

4,867
4,859
4,851
4,844
4,836

4,828
4,820
4,813
4.805
4,797

4,789
4,782
4,774
4,767
4,759

4,752
4.744
4,736
4,729
4.722

4,714
4,707
4,699
4.692
4.685

4,677
4,670
4;663
4,656
4,648

4,641
4,634
4,627
4,620
4,613

4,606
4,598
4,591
4,584
4,577

4,570
4,563
4,557
4,550
4,543

4,536
4,529
4,522
4,515
4,509

4,502
4.495
4,488
4,482
4,475

4,468
4,462
4.455
4,448
4,442

4,435
4,429
4,422
4,416
4,409

4,403
4,396
4.390
4,383
4,377

4,371
4,364
4,358
4,352
4.345

4,339
4,333
4,326
4.320
4,314

4.308
4,302
4,295
4,289
4,283

70.1
70.2
70.3
70.4
70.5

70.6
70.7
70.8
70.9
71.0

71.1
71.2
71.3
71.4
71.5

71.6
71.7
71.8
71.9
72.0

72.1
72.2
72.3
72.4
72.5

72.6
72.7
72.8
72.9
73.0

73.1
73.2
73.3
73.4
73.5

73.6
73.7
73.8
73.9
74.0

74.1
74.2
74.3
74.4
74.5

74.6
74.7
74.8
74.9
75.0

75.1
75.2
75.3
75.4
75.5

75.6
75.7
75.8
75.9
76.0

76.1
76.2
76.3
76.4
76.5

76.6
76.7
76.8
76.9
77.0

77.1
77.2
77.3
77.4
77.5

77.6
77.7
77.8
77.9
78.0

78.1
78.2
78.3
78.4
78.5

78.6
78.7
78.8
78.9
79.0

79.1
79.2
79.3
79.4
79.5

79.6
79.7
79.8
79.9
80.0

4.277
4,271
4.265
4,239
4,233

4,247
4,241
4,235
4,229
4,223

4,217
4,211
4,205
4,199
4,193

4,187
4,182
4,176
4,170
4,164

4,158
4,153
4,147
4,141
4,135

4.130
4.124
4,118
4,113
4,107

4,102
4,096
4,090
4,085
4,079

4,074
4,068
4,063
4.057
4,052

4,046
4,041
4,035
4,030
4,024

4,019
4,014
4,008
4,003
3,998

3,992
3,987
3,982
3,976
3,971

3.966
3,061
3,955
3,950
3,945

3,940
3,935
3,929
3,924
3,919

3,914
3,909
3,904
3,899
3.894

3,889
3,884
3,879
3,874
3,869

3.864
3,859
3,854
3,849
3,844

3,839
3,834
3,829
3,824
3,819

3,814
3,810
3,805
3,800
3,795

3,790
3,786
3,781
3.776
3,771

3,767
3,762
3,757
3,752
3,748

At.

80.1

80.2
80 3
80.4
80.5

80.6
80.7
80.8
80.9
81.0

81.1
81.2
81.3
81.4
81.5

81.6
81.7
81.8
81.9
82.0

82.1
822
82.3
82.4
82.5

82.6
82.7
82.8
82.9
83.0

83.1
83.2
83.3
83.4
833

83.6
83.7
83.8
83.9
84.0

84.1
84.2
84.3
84.4
84:5

84.6
84.7
84.8
84.9
85.0

85.1
85.2
85.3
85.4
85.5

85.6
85.7
85.8
85.9
86.0

86.1
86.2
86.3
86.4
86.5

86.6
86.7
86.8
86.9
87.0

87.1
87.2
87.3
87.4
87.5

87.6
87.7
87.8
87.9
88.0

88.1
88.2
88.3
88.4
88.5

88.6
88.7
88.8
88.9
89.0

89.1
89.2
89.3
89.4
89.5

89.6
89.7
89.8
89.9
90.0

KC.

3,743
3,738
3.734
3,729
3,724

3.720
3,715
3.711
3,706
3,701

3,697
3,692
3,688
3,683
3,679

3,674
3,670
3,665
3,661
3,656

3,652
3,647
3,643
3,639
3,634

3,630
3,625
3,621
3,617
3,612

3,608
3,604
3,599
3,595
3,591

3,586
3,582
3,578
3,574
3,569

3,565
3,561
3,557
3,552
3,548

3.544
3,540
3,536
3,531
3,527

3,523
3,519
3,515
3,511
3,507

3,503
3,498
3,494
3,490
3,486

3,482
3,478
3,474
3,470
3,466

3,462
3,458
3,454
3,450
3,446

3,442
3,438
3.434
3,430
3,427

3:423
3,419
3,415
3,411
3,407

3.403
3,394
3,395
3,392
3,388

3,384
3,380
3,376
3,373
3,369

3,365
3,361
3,337
3,354
3,350

3,346
3,342
3,339
3,335
3.331

M.

50.1

90.2
90.3
90.4
90.5

90.6
90.7
90.8
90.9
91.0

91.1
91.2
91.3
91.4
91.5

91.6
91.7
91.8
91.9
92.0

92.1

92.2
92.3
92.4
92.5

92.6
92.7
92.8
92.9
93.0

93.1
93.2
93.3
93.4
93.5

93.6
93.7
93.8
93.9
94.0

44.1
94.2
94.3
94.4
94.5

94.6
94.7
94.8
94.9
95.0

95.1
95.2
95.3
95.4
95.5

95.6
95.7
95.8
95.9
96.0

96.1
96.2
96.3
96.4
96.5

96.6
96.7
96.8
96.9
97.0

97.1
97.2
97.3
97.4
97.5

97.6
97.7
97.8
97.9
98.0

98.1
98.2
98.3
98.4
98.5

98.6
98.7
98.8
98.9
99.0

99.1
99.2
99.3
99.4
99.5

99.6
99.7
99.8
119.9

100.4

KC.

3,328
3,324
3,320
3,317
3,313

3,309
3,306
3,302
3,298
3,295

3,291
3,288
3,284
3,280
3,277

3.273
3.270
3,266
3,262
3,259

3,255
3,252
3,248
3,245
3,241

3,238
3,234
3,231
3,227
3,224

3,220
3,217
3,214
3,210
3,207

3,203
3,200
3,196
3,193
3,190

3,186
3,183
3,179
3,176
3,173

3,169
3,166
3,163
3,159
3,156

3,153
3,149
3,146
3,143
3,139

3,136
3,133
3,130
3,126
3,123

3,120
3,117
3,113
3,110
3,107

3,104
3,101
3,097
3,094
3,091

3,088
3,085
3,081
3,078
3,075

3,072
3,069
3.066
3,063
3,059

3,056
3,053
3,050
3,047
3,044

3,041
3,038
3,035
3,032
3,028

3,025
3,022
3,019
3,016
3.013

3.010
3,007
3,044
3,001
2,998



18 1936 RADIO DATA BOOK

Figure 20 Figure 21 Figure 22

Short -Wave Circuit Design
NEARLY every radio experimenter is im-

mediately struck with the simplicity of
the tuning circuits in short-wave apparatus,
particularly those adapted for reception on
waves below 10 meters. Short-wave re-
ceiver design is not so simple, however.
There are several simple circuits in use,
some regenerative circuits, working into a
tube or a pair of tubes in push-pull. In
some cases the plate potential is inter-
rupted (a la super -regeneration), but in
all cases the tuning circuit is based on a
simple LC circuit.

One circuit that is frequently used is
that in Figure 20. Here we have two
similar coils, LI, L2 (usually having a
diameter less than one inch), with from
1 to 10 turns of wire. Two tuning con-
densers, Cl, C3, in series, make up the
variable element. Now comes the difficulty.
The leads to the condensers and to the
tube represent large turns of wire which
may have an inductance greater than Li
+ L2 unless precautions are taken to
avoid excessive lengths. Actually the
circuit should be drawn as per Figure 21,

or simplified as Figure 22. Here the coils,
L3, L4, represent the leads to the condenser
CI (actually the wires, condenser frame
and shaft up to the center of capacity all
contribute to this factor). Similarly the
effect of the other leads is considered.

In order to be able to determine which
of these factors are important, it will be
necessary to determine possible values for
all of these coils. The inductance of a
single turn of No. 16 wire of various
diameters such as are commonly found due
to wiring loom is shown in Figure 24. How-
ever, connection wires do not often fol-
low a circular route. In fact, they do
not even lie in the same plane in ordin-
ary cases. However, even though rectang-
ular and irregular, it is not uncommon
to have effects equivalent to a two -or
three-inch turn of wire, which in con-
junction with a 40 mmfd. condenser might
have a wavelength of 6 meters. Frequently
a rough estimation may be made by con-
sidering the inductance of small rectang-
ular circuits, since the wiring leads are
frequently in the same plane for a con -

Figure 23
(Below)

Figure 24
(Lett)

siderable portion of their length. Possible
data in Figure 23 might be used to obtain
a rough indication of the inductance of
leads of various lengths and spacing. It
is therein assumed that No. 16 wire is used
for connections, although small differences
in wire diameter will not affect the re-
sults much.

The inductance of the main coils, Ll
and L2, depends upon a number of fact-
ors-wire size, turn spacing, diameter of
coil and coil separation. Due to the rel-
atively large spacing between turns, the
inductance formula usually used are not
accurate unless correction factors are ap-
plied. Usually the coils are wound with
large wire, around a mandrel which is
later removed. The diameter of the coil
will be a little larger than the diameter of
the mandrel plus the diameter of the wire.
To obtain representative inductance values
for four types of coils, all formed of No.
16 wire, the curves in Figure 25 may be
used. Two of these are wound on half -
inch mandrels at the rate of 10 and 5
turns per inch, and two are wound on
one -inch mandrels with the same spacing.
The curves indicate the inductance of coils
of various turns directly.

Referring to Figure 22, it may be as-
sumed that the capacity C2 is usually very
small in comparison with either Cl or
C3. Neglecting for the moment the L7-
L8-CGP circuit, it will be seen that the
real tuning circuit is LI, L2, L3, L4, L5,
L6 with CI, C3. In the specific example
afforded by this circuit, let us assume

A .2" SPACING OF SIDES
B .4'
C .8'
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that a wavelength of 5 meters is desired.
The main coils, LI and L2, are mounted
about 3 inches from the center of the ca-
pacity of the condenser Cl (which has a
capacity of 100 mmfd.). The condenser
C3 might be a small fixed capacity of 15
mmfd. mounted one inch from the ter-
minals of the coils. The inductance
latter, with its leads, is thus about .040
microhenry. The leads to Cl include sev-
eral bends, but an estimation based on
the information of Figure 23 gives an ap-
proximate value of .125 microhenry.

The average capacity of CI is 50 mmfd.,
which in series with C3 of 15 mmfd., is
roughly equal to 12 mmfd. Neglecting the
effect of L7, L8 for the moment, the ca-
pacity CGP might increase this to 20
mmfd. A chart, Figure 26, is given, by
which the required inductance for any
wavelength up to 10 meters may be ob-
tained. A straight line across the scales
from 5 meters and 20 mmfd. will intersect
the inductance scale at .355 microhenry,
which is the maximum value permissible
for all the circuit. Of this we al -

Figure 25-Left
Figure 26-Right
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ready have .040 + .125 microhenry, so
that but .19 microhenry is needed in the
coils. The coils LI and L2 are actually
coupled together so that the mutual in-
ductance will contribute a little to this
value, but the computation is rather tedi-
ous. A short cut is to find out how
many turns are required for .19 micro -
henry and for .095 microhenry. The
average between the latter and one-half of
the former gives a fair value for the re-
quired number of turns for either LI or
L2. By adopting the conditions repre-
sented by Curve D, Figure 25, it will be
found that each coil should have 4 turns
of wire wound on a %-inch mandrel,
spaced at the rate of 5 turns per inch.

If in the circuit arrangement two vari-
able condensers had been used, leads to
them were poorly arranged and longer than
3 inches, it would have been found that
the stray inductance would have made up

the total permissible.
A number of assumptions have been

made in the above computations, the most
important of which was that L7 and L3
could be neglected. As long as their com-
bined value is considerably smaller than the
rest of the circuit, this is permissible.
If, however, this circuit (L7, L3, CGP)
has a resonance period within the active
range of the receiver, it will be impos-
sible to regenerate at that wave, and at
other points the circuit will resonate at
two frequencies, one above and one below
the period of the L7-L8-CGP circuit.

Finally, a few words concerning the
wavelength chart, Figure 26. It is possible
that in some circuits it may be desired to
use larger capacities than indicated on the
scale on the diagonal. If the values of
this scale are multiplied by 10, the induc-
tance scale on the left must be divided
by the same factor 10.

A Single -Tube All -Wave Set

THIS tiny single -tube all -wave universal
set, Figure 27, is probably the simplest

complete receiver that the beginner can
build. It is made possible by the employ-
ment of the new type 12A7 tube, which
is a combination pentode and rectifier.

The overall dimensions are only 6 inches
long, by 4 inches high, by 3Y2 inches
deep. Considering its compact size, it is
truly a portable universal set, adapted to
any type of operation and it makes an
ideal traveling set for the hotel room,
camp, and many other applications which
will suggest themselves.

The circuit, Figure 28, consists of a
standard regenerative detectot employing

the pentode section of the 12A7 tube. A
conventional grid -leak arrangement is used
and it will be noticed that the antenna is
capacitively -coupled, through the condenser
Cl, to the detector circuit. The power -
filter system employs a resistance of 25,000
ohms, R3, and two 8 mfd. electrolytic
condensers, C5 and C6.

There are three plug-in coils covering a
wavelength range from 40 to 500 meters.
For those who desire to wind their own
coils, the specifications for the three coils
are given in Figure 29.

The connections are so simple and self-
evident in Figures 28, 30 and 31 that
detailed description is unnecessary.

For battery operation, simply replace the
type 12A7 tube with a type 6F7 tube and
connect a battery cable to the battery term-
inal strip as indicated in the schematic
wiring diagram in Figure 28. The type
6F7 tube is a heater type which includes
a triode and a remote cut-off pentode tube,
in a common envelope. It requires 6.3
volts for the heater voltage instead of the
12 volts which was necessary for the 12A7
tube. For this purpose, four 11/2 -volt dry
cells can be connected in series or a 6 -volt
storage battery can be used. For the plate
supply use 45 to 90 volts of B battery
blocks. There are no other changes and
the operating instructions remain the same
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Figure 28

as when the set is used on house -lighting
current. When the set is used on battery
operation, insulate the two prongs of the
110 -volt line connecting cord, this is to
prevent a possible short-circuit of the A
battery terminals.

When the receiver is operated on 110 -
volt, direct -current supply, it if nererrar)
to observe polarity! If the set does not
produce a signal after a minute or so, re-
verse the line plug and a signal should
be heard immediately!

Figure 27-Top
Figure 30-Above

In operation, the regeneration control
should be advanced until the tube just
oscillates, then by rotating the main tun-
ing dial, C2, a whistle should be heard
for every station. The detector tube should
now be brought out of oscillation and this
is done by slowly retarding the regenera-
tion control until the signal is brought in
with clarity and greater volume. The an-
tenna coupling condenser, Cl, should be
adjusted for best results with the antenna
being used. The position of the aerial
condenser is very important, it is not only
dependent upon the aerial but also on the
coil that is employed. Do not use a
ground connection unless it is coupled
through a condenser of approximately .01
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COIL DATA

Wavelength
Range

40-100 meters
100-230
230.500

Tickler
Grid Coil Coil

19 turns
38

110

13 turns
19
22

Figure 29-Above
Figure 31-Top

mfd. capacity!
The set is operated on 110 -volt, 60 -cycle

lighting lines in the usual manner.
The specifications in Figure for

either tube bases or standard l'/2 inch coil
forms when used with a .00014 mfd. tun-
ing condenser. The two short-wave in-
ductances employ No. 28 enameled wire for
both the grid and tickler windings. The
broadcast coil uses No. 32 enameled wire
for both windings. The ticklers are spaced
about one -eighth of an inch from the grid
winding and it is important that the grid
and tickler windings are wound in the
same direction on the coil form.

The complete kit of parts for this re-
ceiver, including a cadmium -plated chassis
and a crackle -finished metal cabinet are
made available by a New York radio com-
pany.

A Band -Spread Portable
THIS simple, easily assembled short-wave

receiver, Figure 32, the "Band -Spread
Portable," fits into a black enameled steel
carrying case only 83 by 63i by 5T/i

inches overall. Tapped plug-in coils give
comfortable band spreading on the short-
wave broadcast and amateur channels.

Two type 30 tubes are used in a re-
liable regenerative -detector, one -stage audio
circuit, as shown in Figure 34. A 140
mmfd. midget condenser, operated by a
small vernier dial, is the main tuning con-
trol, while regeneration is adjusted by
means of a 1-megohm variable resistor in
the detector plate lead. A large 41/2 -volt
C battery is used for filament supply and
a single 45 -volt 13 battery for plate voltage.

The steel case is supplied in two sec-
tions, which merely bolt together. A hole

Figure 32 in the top, protected by a sliding cover,
permits insertion and removal of the plug-
in coils.

The Band -Spread Portable is intended
for earphone operation. When used with
an outside aerial, it is capable of good for-
eign reception of short-wave broadcasting
stations. It also makes an effective moni-
tor for the amateur station.

A complete kit of parts is supplied by
a New York radio firm.

List of Parts
LI-2-winding. 5 -prong bandspread coils (Fig-

ure 33)
RFC -2.2 mh. r.f. choke coil
C1-140 mmfd. midget variable
C2-.00025 mfd. mica grid condenser
C3-.0005 mfd. mica by-pass condenser
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COIL DATA
SECONDARY

WAVE BAND
METERS

SECONDARY TICKLER.
NUMBER or

TuRNS

TRIMMER
CAPACITY

mmFD.NUMBER OF TURNS TAP FROM BOTTOM 01.1%
19 44/2 144 43/4 80

..........4,,

25

ors...a%
0,00

41/2 1 94 434 180
31 114/2 4% 6 180 PIM

111/2 4% 6 18049 0A
 VARIABLE CONDENSER INSIDE COILS. VALUES SHOWN ARE MAXIMUM. ALL SEC - 111.1ONDARY COILS ARE WOUND WITH N4.24 BARE WIRE SPACED TO A WINDIN3
LENGTH OF 144% TICKLERS ARE CLCSE WOUND WITH Ng. 28 OR 30 S.C.C. WIRE.

TICKLER
5

t 4 - 2

Figure 33

C4-.5 mfd. paper by-pass condenser
C5-Trimmer condensers built into, coils
C6 -2 -plate, 5 mmfd. antenna trimmer
11.1 -1,000,000 -ohm potentiometer
R2 -8 -ohm wire -wound resistor
R3-10-megohm grid leak
114-1-megohm grid leak
J-Single open -circuit phone jack with insulating

washers
T -31/2 -to -1 ratio uncased audio transformer

Three-inch vernier dial for condenser Cl,
knobs for RI and C6, double binding -post
strip, five -prong socket for plug-in coil LI,
and incidental hardware and mounting screws.

1 steel cabinet as specified
1 44 -volt C battery

Figure 34

I 45 -volt B battery

A 3 -Band Short -Wave Set
THE receiver shown in Figure 35 is ideal

for the fellow who wants a good easy -
to -handle distance -getting short-wave set
without too much expense or complicated
features.

As shown in Figure 36, the circuit con-
sists of a standard regenerative detector
followed by two stages of resistance- and
condenser -coupled audio -frequency ampli-
fication. The receiver has a continuous
frequency range from 22 mc. to 45 mc.
(13 to 65 meters approximately), being
divided into bands as follows: band 1-
13 to 24 meters; band 2-24 to 39 meters
and band 3-39 to 65 meters. This ar-
rangement effectively covers most of the
frequencies used in present day short-wave
activities excepting those included in the
80 meter amateur band.

A type 19 "twin" tube is used in the
detector and first audio stage and a type
33 pentode is used for output.

The construction of the set is very
simple and even the most inexperienced
person should have little difficulty in build-
ing it. The various parts are mounted on
a 1/16 inch thick aluminum panel and
chassis 6 by 10% and 4% by 10 inches
respectively. The chassis is 2 inches deep.

The coil and the inductance switch are
probably the most difficult items to con-
struct, although even these are easily made.
As shown in Figure 37, the coil is of
the tapped variety, the change from one
band of frequencies to another being ac-
complished by the simple process of
shorting oui the unnecessary portion of
the winding. In this particular coil the
windings are placed on a one inch bake-
lite form, taps being taken off at the
fourth, seven and three -fourths and fif-
teenth turns. Whenever a tap is taken
off, the next winding must be spaced at
least 3,6 inch or more from the turns of
the preceding coil. If the windings are
not spaced in this manner losses will take
place in spite of every precaution. The
tickler coil is wound in the reverse direc-
tion to that of the grid winding in order
to reduce the detuning effect of the re-
generation control and is coupled to the
grid end of the tuning coil. Do not wind
this coil between the turns of the grid
coil! Four turns of No. 28 enameled wire,
close wound, will give sufficient excitation
on all bands without saturation at the high -
frequency portion of the tuning range.

Figure 35

As shown in Figure 37, the home-made
wave -change switch is made from an Eby
ceramic socket and an old filament rheo-
stat of the midget type. The rivets holding
the socket terminals were drilled out and
the contacts were removed from the socket.
Three switch points were then fitted to the

rivet holes, the tops being rounded off
somewhat to allow the rheostat arm to
sweep smoothly over them. The resistance
element was removed from the rheostat and
the arm was reversed on the shaft as
shown. Finally the socket and rheostat
were assembled as shown in Figure 37, be -

Figure 36
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39-65 METERS

24-39 METERS

43-24 METERS

POSITION OF
COIL - SWITCH

KNOB

COIL
TICKLER
WOUND

IN i
REVERSE

DIRECTION

PLATE
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4T. N4. 26
D.C.C., WOUND

CLOSE

43/4 T. N4.26
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Figure 37

ing held together by means of two one
inch long machine screws. To obtain a
"sure-fire" connection to ground, a flexible
"pig -tail" wire is soldered to the arm and
to the grounded portion of the switch.
The positions of the switch knob for the
different ranges are also illustrated in Fig-
ure 37.

Either 90 or 135 volts can be used on
the plates with good results. If a speaker
is used, the higher voltage will give more
volume, of course; if phones are used 90
volts will give plenty of volume and there
is less danger of damage to the phones.
Three ordinary dry cells are used for the
A battery, imd since the total drain is

only .26 ampere, they should last e least
two to three months before a replacment
s necessary.

There is no "C' bias used on the 19
unless a "motorboating" sound is heard
when adjusting the regeneration control.
In case this happens, it will be necessary
to cut the lead between the grid resistor
of the first audio stage and the ground,
and insert a PA, 3 or 4%2 volt bias on the
19 tube.

Switch S2, when closed makes a poten-
tiometer out of the regeneration control,
When the switch is open, the control be-
comes a series variable resistance. The set
will work both ways but one method may

give slightly better results than the other.
When turning off the receiver, this switch
should be opened so as not to place a

drain on the B -batteries.
The receiver described above is not in-

tended to be used with a doublet antenna
system. The resistor "T" pad in the an-
tenna circuit is designed especially for the
elimination of "dead -spots" and body ca-
pacity effects and is effective only when
used with the grounded antenna. The
doublet type can be used, however, if a

suitable method of coupling is utilized. An
"H" pad, or better still a coupling coil.
will do this effectively.

List of Parts
CI-Haminarlund Midline Midget variable con-

denser, 80 mmfd.
C2-Sangamo fixed condenser, 100 mmfd.
C3-Sangamo fixed condenser, 2000 mmfd.
C4-Small adjustable condenser, neutralizing

type
C5-Bypass condenser, 1 mfd. paper type
C6, CS-Cartridge condensers, .01 mfd. 400 V.

type
C7-Sangamo fixed condenser, 250 mmfd.
LI, L2-Grid and tickler coils. (See Figure 37)
RI, R2-Fixed resistors, 300 ohms
R3-400 or 500 ohms
R4-3 megohms
RI, R9-75,000 ohms
R6, R10-1 megohm
R7-15 ohm rheostat
R8-Potentiometer, insulated shaft type, 100,000

ohms. (If potentiometer has switch attached
the p.p. swatch illustrated is not required)

SW1-3 point inductance switch (see Figure 37)
SW2-s.p.s.t. switch (see R8 above)

One 6 -prong Eby isolintite socket and one
5 -prong wafer type bakelite socket.

One piece sheet aluminum, size 6 by 1O'
inches (for panel)

One piece sheet aluminum, size 7 by 14 inches
(for chassis)

One piece 1 -inch bakelite tubing, 23' inches
long

Dial, tubes, knobs, batteries, necessary hard-
ware, etc.

9 -Tube Amateur Receiver
HERE is the Lafayette 9 -tube all -wave

super -heterodyne receiver for home con-
struction which should have special ap-
peal to the many thousands of amateurs
and short-wave listeners who like to "roll
their own"-not only because it incorpo-
rates many new refinements, or the fact

that the set performed exceptionally well
on all operating tests-but principally be-
cause the most difficult part of superhetero-
dyne receiver construction has been eli-
minated by providing a kit with a pre-

assembled tuning unit, that is wired and
"tracked" at the factory.

Figure 39
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The receiver, Figure 38, has a wave-
length coverage from 9.7 to 560 meters
(in four different wave bands). A stage
of radio -frequency amplification is used on
all bands, thereby minimizing image fre-
quency and providing additional sensitivity
and selectivity. The outstanding features
of the receiver include a beat -frequency
oscillator for c.w. code reception, an auto-
matic or manual volume control, which can
be selected at will, continuous mechanical
band -spreading and a dual -speed airplane
type tuning dial. The dynamic type
speaker, power supply and the audio -out-
put stage are built on a separate chassis
unit and if desired, it can be unmounted
from the main chassis and placed a short

Figure 38
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distance from the tuner. The crystalline
finished cabinet is available with the kit
and it is an unusually strong one, measur-
ing 10 inches high by 11% inches deep
by 22% inches long.

As shown in Figure 39, 9 tubes are

employed and their functions are as fol-
lows: A type 6D6 is used for the r.f.
stage, followed by a 6C6 as a first detector
and the oscillator circuit employs a 41
power pentode type tube. The i.f. stage
employs a 6D6 tube and is followed by a

6B7 used as a diode detector and auto-
matic volume control tube. This is fol-
lowed by a type 6C6 in the first a.f. stage
and a type 42 for the power stage. A
type 76 is used for the beat frequency
oscillator and a type 80 for rectification.

The Browning All -Wave Set
THE Browning all -wave kit is so designed

that the average set builder should have
no difficulty in putting it together easily
and in obtaining good results.. As will be
noted from the wiring diagram in Figure
41 a stage of tuned -radio -frequency am-
plification precedes the detector on all
wave -bands, thus giving addea selectivity
which eliminates image frequencies and
harmonics, as well as materially adding to
the sensitivity of the receiver.

In order to obtain greater selectivity and
at the same time finer quality, a band-pass
"filter" intermediate stage is used between
the 2A7 and the 58. This band-pass filter
consists essentially of three separate tuned
circuits. Each of the three inductances are
tuned, and in turn made up of three in-
dividual "pies". The effect of the "pie"
construction gives a much sharper tuning
coil than may be obtained by a lumped in-
ductance of the same value. The gain in
selectivity obtained by this construction
alone is about 16%. The use of "pies",
together with the three tuned circuits, re-
sults in a resonance curve for the inter-
mediate stage which has a band width of
only 25 KC at 100 times inrit voltage,
and a band width of 5.5 KC at 2 times
input voltage.

The ordinary high -Q intermediate stage
has a band width of 36 KC at 100 times
input voltage and 3.3 KC wide at 2 times
input voltage. It will be noted from the
figures just given that not only does the
band-pass intermediate stage have greater
selectivity but also will give better quality
as the "nose" of the curve is broader, thus
passing the higher modulating frequencies
readily.

Automatic volume control is obtained
by the use of a 2A6 tube for the detector
amplifier. A switch is arranged so that
the a.v.c. may be turned off at will. An
auxiliary volume control (on the cathode
of the 58 tube), when retarded, precludes
any possibility of this tube over -loading and
causing cross modulation even under the
severest conditions.

The receiver has a sensitivity of well
under one microvolt (over its entire range
which is from 23 megacycles to 550 kilo-
cycles) so that in practice this additional
volume control on the 58 RF tube can be
well -retarded except under the best condi-
tions when atmospheric static is exception-
ally light.

A 2A7 is used as a mixer and oscillator.
As is well known, this tube electronically
couples the incoming signal with the oscil-
lators signal without interaction between
the tuned -detector input and the tuned -
oscillator circuit.

A beat -frequency oscillator is included
as an integral part of the set so that CW
signals may be received.

Coupling from the oscillator to the in-
termediate -frequency stage is obtained
through the suppressor grid of the 58 tube.
A switch in the plate of the 56 tube
oscillator turns off heterodyning frequency.

Figure 40

A semi -variable condenser is used to tune
this oscillatory circuit. For maximum sig-
nal strength this circuit should be tuned
about 1000 cycles, above or below the in-
termediate frequency. The intermediate
frequency is 456 KC, which was chosen
after a great deal of experimenting with
the band-pass filter design.

The heart of the set is really the Tobe
Tuner which is essentially a "catacomb"
in which the twelve tuning and oscillator
coils are mounted. For each of the four
bands there are three sets of coils, one for
the tuned -antenna circuit, one for the
tuned -radio frequency amplifier, and one
for the oscillator circuit. These coil sets
are all shielded from each other so that
the tuning of one will in no way react
on the others. In each of the three com-
partments there are four coils, that is, the
oscillator coils for each of the four bands
are mounted in one compartment, the an-
tenna coils in the second compartment and
the r.f, stage coils in the third compart-
ment. Each compartment also contains the

associated switches. These switches have
silver-plated contacts, low losses and low
capacities, and are so designed that all
coils that are not used are short-circuited.

To reduce losses to a minimum, bare
wire is used in making all connections.
The high -frequency -band coils are "space -
wound" with silver-plated wire which has
about 5% lower resistance than copper.
The various trimmers and padding or "lag"
condensers are also mounted in their re-
spective compartments. On top of the
"catacomb" is mounted the 3 -gang tuning
condenser.

The "catacomb," including the tuning
condenser, is completely wired, lined up,
and tracked so that the set builder has only
to make seven connections to the Tuner.
The unit, as a whole, is insulated from the
chassis proper by four gum -rubber washers
through which the mounting bolts fit. The
Tuner is then grounded to the main chassis
at one point only when installed.

The intermediate transformers are also
tuned and adjusted at the factory so that

Figure 41
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the set builder will have only to line up
the circuits for the tubes being used.

The receiver is absolutely single con-
trol, all the tuning being done by means
of the 3 -gang bank of condensers. Band -
spread is accomplished by a micro -vernier
arrangement, the shaft of which rotates a
pointer on a 360 -degree dial. This pointer
makes 20 complete revolutions while the
pointer (attached to the main shaft of the
condensers) goes 180 degrees. Thus, sta-
tions may readily be logged by reference
to the settings of the two pointers.

The band -spread given by this arrange-
ment is as follows: On the 1.4 to 3.75
megacycle band, 360 -degree rotation (100
divisions) is the equivalent to approxi-
mately .25 megacycle. On the 3.4 to 9.2
mc. band, 360 -degree rotation is equiva-

lent to approximately .5 mc., while on the
8.5 to 23 mc. band, 360 -degree rotation is
equivalent to approximately 1 mc.

The receiver, shown in Figure 40, covers
a range of frequencies of from .55 to 22.6
megacycles.

Great care has been taken throughout
in the selection of parts, for the com-
pleted receiver is no better than each item
of its kit of components. The base and
panel are drilled and finished so that the
assembly of the parts is relatively simple.
As will be noted the transformer has a
2.5 and a 6.3 filament winding so that
either 6.3 or 2.5 volt tubes may be used
according to the set builder's desire. For
those who want to work from picture -wir-
ing diagrams rather than from the sche-
matic, a set of 5 "blueprints" can be ob-

tained along with the kit.
After the wiring has been done, a care-

ful check should be made to see that all
the parts are properly located and con-
nected. When this is done the receiver is
ready to try out. Be sure to plug in the
loudspeaker before turning on the set, for
if this is not done a considerable higher
voltage than normal is placed on one of
the filter condensers.

This receiver may be conveniently used
as a tuner employing various audio cir-
cuits by simply plugging in an audio am-
plifier in place of the 2A5 tube. Many
servicemen and experimenters will find that
there are individuals who have high-grade
receivers lacking the short-wave feature.
These may be readily converted into an
all -wave receiver.

Radio News Short -Wave Converter

BROADCAST receivers in general use
today vary widely in sensitivity; the

best home receivers being rated at 1 micro-
volt or less, while the midgets may reach
as low as 400 microvolts. A short-wave
converter, if it is to be generally applic-
able, should be capable of providing maxi-
mum usable short-wave sensitivity when
working into a broadcast receiver of this
least sensitive type. In the average home
the level of noise from atmospherics and
man-made interference is such that a signal
below 5 microvolts is lost.

The Ramo NEWS Short -Wave Con-
verter, Figure 42, was designed to meet or
exceed these sensitivity requirements.

If the broadcast receiver uses 5 or more
modern tubes, its sensitivity is likely to be
between 20 and 50 microvolts. At the
latter value, the converter will result in
short-wave sensitivity ranging well below
1 microvolt, which is more than can ever be
used. The range of the converter is from
5800 to 16,300 kc. (5f.7-18.4 meters)-
wide enough to include the most important
short-wave broadcast bands -19, 25, 31
and 49 meters. In addition, it includes

Figure 42

numerous commercial phone, aviation and
amateur bands, and therefore offers about
every type of service obtainable on the

Figure 43

short -waves.
The antenna switch on the front panel

of the converter provides for changing over
the antenna when straight broadcast -band
reception is desired, automatically discon-
necting the converter input and output
circuits. At the left of the panel is the
line switch.

There are three controls, the large one
is the tuning control. The other two are
auxiliary trimmers in the r.f. and detector
stages. These trimmers are used instead of
those of the compression type usually in-
cluded on the r.f. and detector tuning con-
densers and are placed on the front panel
to make possible exact alignment at any
desired frequency when absolute maximum
efficiency is desired. Normally, they need
not be used in tuning but instead can be
adjusted to resonance at any point in the
tuning range of the converter and left
that way. All tuning throughout the en-
tire range is then accomplished by means
of the single main tuning knob.

As will be noted from the schematic
circuit, Figure 45, this converter employs
4 tubes-a 6D6 in the tuned r.f. stage,
6A7 modulator, 76 oscillator and 80
rectifier.

Tuning of the r.f., detector and oscil-
lator circuits is accomplished by means of
the 3 -gang condenser, Cl. Alignment is
obtained by means of the semi -adjustable
padding condenser (C4 -C13), the oscil-
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lator trimmer C12, which is built into the
3 -gang condenser, and the r.f. and detector
trimmers C2 and C3. The output trans-
former, providing inductive coupling to the
broadcast receiver, is tuned by a compres-
sion type condenser mounted in the same
can. This transformer has two output
windings, one to match it to broadcast re-
ceivers having high -impedance inputs and
the other for receivers with low -impedance
inputs. Sufficient capacity range is pro-
vided in CS to permit the selection of any
intermediate frequency between approxi-
mately 500 and 600 kc. About 540 kc.
is generally employed for this purpose.

Assembling the Converter
For those who may prefer to make their

own chassis and panel, complete work-
ing drawings are provided in blueprints
available from RADIO NEWS for the small
sum of 50c. A full-size picture diagram,
showing how to run each wire, is also
included in the blueprints.

In assembling the job, all the parts that
belong on top of the chassis, as shown
in Figure 44, can be mounted at once.
In fact, all parts except the tubular by-
pass condensers, resistors, antenna switch
and midget condensers can be mounted be-
fore starting the wiring.

Leads going from the output coil (this
lead is temporarily connected to either one
of the 2 output terminals of transformer
L3) to the antenna switch and from the
antenna switch to the output terminals of
the converter should be shielded wire.
These should be run together along the
end wall of the chassis and the shield-
ing should be securely grounded by sol-
dering or clamping the shield to the chassis
every few inches. The leads from the an-
tenna terminals At and A2 should not be
shielded but should be twisted together to
avoid pickup from adjacent circuits. A
bottom view of the converter is shown in
Figure 43.

Installation
In installing the converter connect the

antenna lead to antenna terminal Al. If
an L -type antenna is used. put a iiimpf'r
from Terminal A2 to the ground terminal.
If a doublet is used omit the jumper and
connect the two antenna leads to Al and
A2. The output of the converter should
be connected to the antenna and ground
terminals of the broadcast receiver by
means of a shielded wire. It is desirable
that the converter he [,laced close enough
to the broadcast receiver so that this lead

need not be more than 3 or 4 feet in
length. The shield on this wire is used
as the ground lead.

Plug the converter into the line, tune
the broadcast receiver to about 540 kc.,
and the converter is ready for final ad-
justment.

Adjustment
If a calibrated signal generator is avail-

able, follow the usual procedure employed
in lining -up r.f. tuning circuits. For those
who do not possess such a generator, the
suggestions below will indicate the method
of alignment, using short-wave broadcast
signals. But first certain other adjustments
must be made.

The first step is to tune the broadcast
receiver to about 540 kc., and turn the
gain high. Then tune the converter to its
highest frequency and adjust the midget
condensers, C2 and C3, to resonance. as
indicated by maximum noise. If resonance
cannot be obtained screw the padding con-
denser (C4) in or out until a definite
resonance point is found with C2 and C3.
The output transformer (L3) is next tuned
to the same frequency as the broadcast re-
ceiver, by adjusting the screw of C5,
mounted in the top of the can of this
transformer, for maximum noise. Be care-
ful that the screwdriver employed has an
insulated handle and that the blade does
not touch the can because this condenser
screw is in the B plus circuit.

The last adjustment is to match the out-
put impedance of the converter to that of
the receiver. This is accomplished by
touching the output lead of the converter
to each of the 2 output terminals of the
output coil. One of these output coils is
of the high -impedance type and the other
of the low -impedance type. One or the
other will give the best response depending
on whether the broadcast receiver has a
low or high -impedance input.

When shifting this lead from one out-
put coil to the other, it will be neces-
sary to readjust the output tuning con-
denser CS.

Alignment
With the main dial set at 97 (plates al-

most all meshed) adjust the oscillator pad-
ding condenser (C4) for more or less ca-
pacity until a 49 -meter broadcast station is
heard. The two condensers C2 and C3
should be kept adjusted to resonance dur-
ing this process. Now, again vary the
padding condenser until the repeat point
for this station is heard. The correct one
of these 2 points is the one at which the

Figure 44

least capacity of CS is used. This con-
denser is adjustable from either above or
below the chassis, the screw being slotted
at both ends. When adjusted from above
the chassis, the capacity decreases as the
screw is turned clockwise. This is just the
opposite of normal action and this fact
must be borne in mind to avoid confusion
in determining which of the repeat points
is the one obtained at the low capacity
setting.

Now go to the high -frequency end of
the main dial and adjust the three panel
controls for minimum background noise.
In doing this, the small trimmer condenser
on the top of the oscillator section of
the gang condenser should be very nearly
all out. If the point of resonance is
reached on condenser C2 and C3 it is an
indication that alignment is fairly close.

List of Parts
The Foundation Kit

LI. L2, L3, L4-Set of special "Radio News
S.W. Converter" coils

Cl-Tuning condenser, 3 -gang, each section
360 mmfd.

C2. C3-1-lammarlund midget condensers, 4 -

plate, 30 mmfd.
C4-Special compression type padding condenser

variable 800-1600 mmfd.
CS-Supplied (built-in) with coil L3
C12-Trimmer included in CI
C13-Fixed mica condenser, .0015 mfd.. a..urate

to + 5 percent
1 Cadmium -plated, drilled chassis with panel

welded in position; 4 tube sockets, 3 tube
shields, 2 binding -post strips. Chassis 12 inches
long, VA inches deep, 2 inches high. Panel
13 inches long, 8 inches high.

Other Parts Required
C6, C7, C9, CIO, CD-Sprague tubular by-pass

condensers, .1 mfd., 600 volts peak
CR-Sprague tubular by-pass condenser. .5 mid..

600 volts peak
C14-Solar mica condenser, pigtail type. .0001

mfd.
CIS-Mallory 2 -section (8-8 mfd.) elecuulytic

condenser with grounded can, inverted type,
450 volts

CIA-Sprague 2 -section by-pass condenser in
shield! can, .1-.1 mid.. 400 volts

Ch-Thordarson type T-4402 filter choke
RI, R3-IRC pigtail resistors, 250 ohms, 54 watt
R2, R6-IRC pigtail resistors, 50,000 ohms.

watt
Y3

R4-IRC pigtail resistor, 5000 ohms, 54 watt
R5-IRC pigtail resistor, 30,000 ohms, 34 watt
R7-IRC pigtail resistor, 10,000 ohms, 1 watt
R8-IRC pigtail resistor, 10,000 ohms, 34 watt
R9-Electrail wire -wound resistor, 2000 ohms,

10 watts
SW1-Toggle switch. s.p.s.t.
SW2-Toggle switch, d.p.d.t.
T-Thordarson power transformer, type T-5472

with secondary windings of 575 volts (ct.), 5

volts and 6.3 volts (c.t.)
National "Velvet Vernier" dial, type B, with
variable ratio, 100.0-100 scale and pilot light
bracket

2 grid caps
I line cord and plug
Shielded wire (about 5 fest)
Tubes. one 6D6, one 6A7, one 76, one 80
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AMATEUR RADIO

A 10 -Meter Transmitter

MHIS transmitter for 10 -meter operation
I consists of a single, electron -coupled

oscillator using a 59 -type tube and a
210 tube as a final amplifier. The grid
circuit of the oscillator is tuned to one-
half of the operating frequency, or twice
the wave -length, i.e., between 14,000 and
14,250 kilocycles. The plate circuit of the
59 tube is tuned to the operating frequency
in the 28,000 kilocycle band. Such an
arrangement gives far more stability than
it is possible to obtain by operating the
oscillator grid circuit on the operating fre-
quency. The layout of parts closely fol-
lows the accompanying schematic wiring
diagram, Figure 46. The oscillator iN

mounted at the right of the baseboard with
the grid and plate coils on either side.
The amplifier is at the left and also fol-
lows the congruent layout. All leads
should be made as short as possible, and
every component part should be securely
fastened.

All tuning condensers used are 50
mmfd. The oscillator -doubler grid coil,
LI, has nine turns of 3/16 -inch copper
tubing 2 inches in diameter. All other
coils have four turns of the same material
and also are 2 inches in diameter. The
copper tubing provides an extremely rigid
coil, and may be self-supporting.
Spacing between turns is about equal to
the diameter of the tubing. The coils are
wound on a piece of pipe having an out-
side diameter of two inches. The tubing
is wound close together and after it is
slipped off the pipe, a screwdriver shank
should be passed between the turns several
times until the desired spacing is obtained.
This method of winding facilitates uniform
spacing which probably could not be ob-
tained readily if an attempt was made to
wind the coil with the desired spacing.

Copper tubing of this size lends itself
well to plug-in mounting. The threaded
end of a banana plug will conveniently lit
into the hole in the tubing and may he
soldered by sweating. Porcelain stand-off
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insulators, with banana plug jacks, are
used for mounting.

The electron -coupled oscillator is always
preferable when there is no buffer stage.
It provides frequency stability comparable
to crystal -control, something that is es-
ential, especially if the amplifier is to be

modulated for voice transmission. Also
mechanical vibration should be avoided.
The link coupling coils used between the
oscillator and amplifier also should be se-
curely mounted. One turn, coupled closely
to the oscillator plate coil and the amplifier
grid coil at the cold ends of each, will
he found sufficient. These also are made of
copper tubing to insure stability. It was
found that it was possible to obtain as

high as 10 milliamperes of rectified grid
current with such an arrangement, which is
more than sufficient to excite a 210 tube
or any tube of equivalent power. A grid-
ow...At meter in the amplifier circuit is

almost essential. Plate meters are valuable
too, but in order to obtain stable oper-
ation on this high frequency, it is neces-
sary that the final tube have sufficient ex-
citation, particularly if modulation is to be
used. Those who have constructed 20 -

meter 'phone transmitters probably already
have made this discovery.

The transmitter just described is only
one of many possible combinations that
may be used on this band. It will be found
that the new 801 -type tubes function ex-
ceptionally well on this band. It is a

simple matter to substitute one of them
for a 210. Also, there are a number of
other tubes that might have been chosen
for the doubler -oscillator. The 2A5 will
give results similar to the 59. Others that
might be used are the 57 and the 24-A,
although the latter tube will not provide
nearly the harmonic output that the 59 and
the 2A5 will.

A Crystal Transmitter
THIS medium -powered transmitter for all -

band operation is designed for inputs
from 100 to 200 watts and is suitable for
voice or telegraph. The transmitter has
been laid out in the simplest manner and
essentially follows the schematic wiring
diagram, Figure 48. It might be de-
scribed as a baseboard transmitter, but is
made somewhat neater by mounting the
baseboard on a rectangular box 5 inches

high. The box arrangement provides a

convenient mounting for all meters and
hides all of the small component parts such
as small condensers, resistors, etc., leaving
only the tube sockets, coils and associated
apparatus exposed on the surface as shown
in Figure 47.

The transmitter employs a 47 type tube
in a crystal oscillator circuit followed by a
210 type tube as a buffer -amplifier or

doubler and uses a 211 type tube in the
final amplifier. In place of the latter tube
a 203-A type tube might be substituted,
but it will be found that the 211 is much
easier to excite than the higher -mu- tube
and therefore, easier to handle.

The components are laid out almost ex-
actly as they appear in the schematic wir-
ing diagram. The baseboard is 48 by 14
inches. The crystal oscillator is mounted
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at the left, with the crystal itself placed in
a convenient place so others of different
frequency may be substituted with ease.
The coil and condenser associated with the
crystal circuit are mounted immediately in
front of the tube. An ordinary plug-in
type form is used for the crystal tuning
circuit, providing a vertical mounting for
the coil. Coupling to the buffer stage is
provided through a 100-mmfd. fixed con-
denser which taps on the crystal oscillator
tank circuit, one -quarter of the total num-
ber of turns from the plate end of the coil.
This connects directly to the grid of the
buffer -amplifier. The essential components
of this stage are the tuning condenser, coil
and neutralizing condenser. It will be
noted a stator tank condenser is employed.
This is used to facilitate all -band operation,
as it simplifies neutralization by making it
permanent for all bands once it is set.
Also only two connections to the coil are
necessary. This makes it possible to use
"banana plug" mountings.

The coils are wound on 2 -inch forms.
Coupling to the final amplifier is accom-
plished by means of the "link" method.
While this necessitates an extra tuning
circuit, it provides greater efficiency in
transfer of energy from the buffer -amplifier
to the final amplifier by virtue of a better
impedance match. The link coupling should
consist of three turns wound about the
buffer plate tank -and -grid coils for 160 -
meter operation, two turns for 80- and 40 -
meter operation and one turn if a 40 -meter
crystal is used for 20 -meter operation. The
link is coupled to a tuned circuit in the
grid of the final amplifier. A high L -to -C
(i.e., large coil and small capacity) is de-
sirable in this circuit. The number of
turns and design of the coils is identically
the same as the tank circuit in the buffer
stage.

Aside from the grid tuning, the re-
mainder of the final amplifier stage is
identically the same as the buffer -amplifier,
except a coil and condenser designed to
accommodate the higher power is pro-
vided. The plate tank coil is one made by
a large radio company in New York.
They are available for the three most pop-
ular amateur bands, i.e., 160, 80 and 40
meters. A coil for the 20 -meter band is
easily constructed. Switches are provided
in the plate circuits of the buffer -amplifier
and the final amplifier. This greatly fa-
cilitates tuning. If the transmitter is to be
used exclusively for telephone transmission,
it is possible to use automatic bias
throughout. On the other hand, if c.w. is
to be used, combination battery and re-
sistor bias should be used on the final am-
plifier. The 211 requires in the neighbor-
hood of 260 volts, minus grid bias, for
Class C operation, i.e., mice cut-off. There-
fore, at least 4;5 volts of battery bias, used

47
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in conjunction with a biasing resistor, must
be used in the final amplifier for this type
of operation. Such a voltage will pro-
vide complete cut-off when excitation is
taken off the grid of the final amplifier
by keying in the buffer -amplifier filament -
center -tap circuit.

Operating Data
To set the transmitter in operation, the

filaments are lighted and the key circuit is
closed. The plate power -supply is then
turned on, but with the switches in the
plate circuits of the buffer and amplifier
open. The oscillator tuning condenser is
adjusted until a decided dip in the plate
current is noted. This will indicate reson-
ance. As a further check for oscillation, a

bulb may be touched to the plate side
of the tank circuit. Glowing indicates
oscillation. The oscillator tank condenser
should then be rotated several times to
make sure that resonance always takes
place at the same point. After making
this check, the condenser capacity should
be reduced slightly to provide for greater
stability.

The next operation is to tune the buffer.
The neon tube should be connected to the
plate side of the tank coil, and the tank
condenser tuned until resonance is indi-
cated. It will glow brightly at resonance
unless by chance the circuit is neutralized.
Then the neutralizing condenser is tuned
until the neon bulb stops glowing. The
tank condenser should be rotated again to
determine if there is any radio -frequency
current in the tank circuit. If it does not
glow, it indicates the buffer is neutralized.
If it does, further adjustment should be
made on the neutralizing condenser until
a point is reached where there will be ab-
solutely no indication of radio -frequency

Figure 48
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in the buffer tank circuit. This indicates
proper neutralization. Then the switch in
the plate circuit should be closed, and the
buffer tank circuit tuned until the plate
current takes a sharp dip. Minimum plate
current indicates resonance.

So much for the buffer. Then the grid
condenser in the final amplifier is tuned for
maximum grid current. If a grid meter
is not used, a neon bulb may be used to
indicate when maximum radio -frequency
is applied to the grid of the final ampli-
fier. If a grid current meter is used, the
grid current should be between 30 and 50
milliamperes. The final amplifier is then
neutralized in the same manner as the
buffer stage, and of course, with the switch
in the plate circuit open and the key de-
pressed. After neutralization, the plate
voltage is applied, and the tank circuit is
tuned to resonance which is indicated by a
minimum plate current. It should he be-
tween twenty and thirty milliamperes with
1,000 volts applied to the plate. Finally.
the antenna is coupled to the plate tank
circuit of the final amplifier and the an-
tenna circuit tuned for maximum plate
and antenna current. If the plate current
is too high for the tube, the coupling be-
tween the tank and antenna coil should be
reduced; if it is too low, the coupling
should be tightened until the desired cur-
rent is obtained.

The transmitter is now ready for opera-
tion. The key should be opened, and the
plate and antenna currents should fall to
zero. If this does not take place, more
bias should he added on the final ampli-
fier, until full cut-off is obtained with zero
excitation.

For all -band operation, it is desirable to
obtain crystals for 160-, 80- and 40 -
meter bands. On each of these bands, of
course, the specified crystal is used. For
20 -meter band operation, the 40 -meter
crystal should be selected to double into
the higher frequency channel. The buffer -
amplifier is then tuned to one-half the
wavelength or twice the frequency of the
crystal and is excited by the harmonic of
the oscillator. This in turn drives the 211
tube in the 4I,000 -kilocycle hand.

List of Parts
CI, C2. CS, C8, C11, C12-.002 mfd. fixed con-

densers (Aerovox)
C4-.0001 mfd, fixed condenser (Acrovoxi
CIO, C13-.002 mid. fixed condensers (Aero-

vox. 5,000 volts)
C3, CO -100 mmfd. variable (Cardwell Midway)
C7-Split stator variable condenser, 150 mmfd.

per section (Cardwell)
C14-Split stator variable condenser, 100 mid.

per section (Hammarlund double spaced)
C6-50 mmfd. midget variable condenser (Ham-

marlund)
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05-50 mmfd. variable transmitting condenser
(Cardwell)

111-25,000 ohms 10 watts
R2-R4-100 ohms center tapped
R3-50,000 ohms 10 watts
E15-10,000 ohms 25 watts
R6-10,000 ohms, tapped, 100 watts
R.F.C. 1-Radio frequency choke coils (National

receiving type)
R.F.C. 2-Radio frequency choke coil ; trans-

mitting type (National)

Data on Coils
160 METERS: LI, 70 turns No. 22 DSC wire

wound close on I% inch receiving coil form;

L2. 60 turns No. 22 DSC wound on 2 inch
form ; L5, 50 turns No. 22 DSC wound on 2
inch form; L6, 45 turns No. 14 wire wound
on 3 inch form (Gross) ; L7, 15 turns No. 14
wire wound on three inch form (should be
experimented with for best results) ; L3 and
L4, three turns wound around center of buf-
fer plate tank and coupled to filament end of
grid circuit of final amplifier.

80 METERS: LI, 30 turns No. 18 DSC wire
wound close on 154 inch form ; L2, 35 turns
No. 18 on 2 inch form ; L5, 35 turns on 2
inch form; L6, 30 turns No. 14 on 234 inch
form; L7, 10 turns No. 14, 3 inch diameter;
L3, L4, see text.

40 METERS: LI, 18 turns No. 18 DSC, 134
inch diameter; L2, L5, 8 turns No. 14 close

wound 2 inches in diameter; L6, 12 turns
No. 14 wire spaced slightly more than the
diameter of the wire; L7, same as 80 meters;
L3 and L4, one turn.

20 METERS: LI, same as 40 meters, if 40
meter crystal is used ; L2 and L5, 5 turns
No. 14 spaced slightly on 2 inch form: 1.6, 7
turns 3/16 inch copper tubing two inches in
diameter and spaced about 3/16 inch be-
tween turns. (Banana plugs are mounted in
holes drilled through flattened ends) ; L3 and
L4, one turn.

All coils for LI are tapped one -quarter the total
number of turns from the plate end of the
coil. It will be found that the antenna coil,
L7, may vary somewhat depending on the
type of antenna, length of feeders, etc.

Antenna Systems
HE ideal transmitting antenna, basically,T is one which is either half wavelength

or full wavelength long and about quar-
ter wavelength above ground. On the
7000- and 14,000 -kilocycle bands such an
antenna is not difficult to put up. On the
latter two frequencies a quarter wavelength
is only thirty-three and fifteen feet, re-
spectively. Frequently an antenna strung
in a large attic will give surprisingly good
results on these bands. But, on the popu-
lar bands of 3500 and 1750 kilocycles, the
stringing of an antenna quarter wavelength
above ground becomes more difficult. On
3500 kilocycles, the ideal height is roughly
about 65 feet, and on 1750 kc. it amounts
to the almost impossible figure of 132 feet.

If operation is to be done on the two
higher -frequency bands, every effort should
be made to have an antenna of ideal
height. If the lower -frequency channels
are chosen for operation, the antenna
should be erected as high as possible. These
figures are, of course, for the so-called
Hertz -type antenna. In the case of the
Marconi type, where it is necessary to use
either a ground or a counterpoise, a por-
tion of the aerial runs through a coupling

Figure 49
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device to the ground. This reduces the
electrical height; it is impossible to erect
a Marconi antenna more than an average
height between ground and the highest
point of the antenna. Therefore, the ideal
Marconi antenna would be one that is
strung vertically.

Many amateurs wonder what method
is the best for coupling the transmitter to
the antenna: voltage feed or current feed;
also, if it is more desirable to use either a
doublet or a single -wire feeder. The an-
swer is: one is as good as the other. The
one to use is the one that is most adapt-
able to a particular location. If it is more
convenient to feed the middle of the an-
tenna because the "shack" is situated at the
middle of the "location," by all means use
that method. If feeding at the end is more
feasible, use that arrangement, and if one
wants to use a single -wire feeder because
of the appearance, that is the one to select.
The point is that any of the accepted sys-
tems (when properly constructed) will give
about the same results. However, for the
"ham" who lives in an apartment, the
single -wire, voltage -feeding arrangement is
ideal. It permits erecting the antenna with-
out regard to the feeder length. The feeder
may be from twenty to 200 feet from the
radiator.

There are, however, a few points to bear
in mind. For instance, the length of the
wire, for either the current -fed or the
doublet, is not critical. Any length in the
vicinity of half wavelength will be flexible
and will give good efficiency on any part
of the band it is designed to operate, or
the "harmonic bands." However, in the

Figure 50
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construction of this type antenna, the feed-
ers should be cut to a quarter wavelength
or any multiple thereof. That is, 15 feet,
30, 45, 60 or 120 feet, and so on. The
most desirable feeder length is quarter
wavelength for the highest band on which
the transmitter is to operate. If multi -band
operation is contemplated, both series and
parallel tuning feeders should be provided.
Series tuning should be used whenever pos-
sible. The feeders may be doubled back
in order to gain the correct length, if
necessary, and if this arrangement is not
feasible, the Collins or "pi" network
should be employed. The tuning methods
for different length of antennas, where
multi -wire feeders are employed, are given
in Figure 50.

In the case of the so-called voltage -fed
Hertz (although all radiators functioning
independently of ground are Hertzian ra-
diators), the determination of the length
is quite critical and should be computed as
accurately as possible by formula. Even
then it may be found that after the an-
tenna has been cut carefully to the correct
length, it may not resonate at the computed
frequency. The reason for this is that
some object is having an effect on the elec-
trical length of the antenna. But in gen-
eral, if the aerial is strung clear of sur-
rounding objects and the guy wires on the
antenna mast :ire broken up with insu-
lators, there will be no trouble of this kind.
The formula for computing the length of
the single -wire, voltage -fed antenna is:

Length in feet =
468,000

Frequency in kilocycles

There is another point to remember in
the use of this type antenna. The feeder
should be run for at least a quarter wave-
length, at right angles to the antenna itself.

The Marconi antenna is finding increa-
ing popularity again. Its reappearance has
been due to the increasing activity on the
1750 -kilocycle band, where it is practically
impossible for most amateurs to erect a
half -wave antenna, although quite a few
stations are known to be blessed with the
space for such antennae. In general, its
length is not critical. The usual practice
is to make it 23.7% of its length in meters
(i.e., length in meters divided by 4.2).
Wavelength (in meters) may be deter-
mined by dividing the frequency (in kc.)
into the velocity, 300,000. That means
125 feet will be adequate for the 150 -

meter band. On the other hand, it will be
seen that the 80 -meter Hertz will form
an excellent quarter -wave (Marconi) an-
tenna, when oi.erated against a counter-
poise or ground.
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Constructing
An Antenna Mast

The design and construction of a light
and reasonably high antenna mast is a

problem which frequently confronts the
"ham."

The mast, shown in Figure 51, is 47
feet high. The base section consists of a
30 -foot four-by-four, and the top section
is constructed of 18 -foot one -by -fours.
The ground section is a crotch arrangement
which in addition to providing a substan-
tial means of mounting the mast rigidly in
the ground, greatly facilitates raising it.
The construction is quite simple. The base
section, or crotch, is made up of a six-foot
length of four-by-four, which is the same
cross-section as the base of the mast. Two
10 -foot two-by-fours are fastened securely
on each side with a combination of nails
and bolts. Twenty -penny nai.s are used.
It might be better to use three -by -fours
for this purpose. That portion which is to
be buried is given two hem, coats of
asphalt paint.

In building the mast itself, it is a good
plan to use a sidewalk as a "straight -edge"
to facilitate accurate alignment. The four-
by-four is laid out straight and the two
one -by -fours are placed so they overlap
about two feet. Two holes are bored four
inches from the top of the four-by-four
and the bottom of the one -by -fours, and
securely fastened with bolts. A few nails
may be added for providing additional
structural strength. Then a piece of one -
by -four (about one foot long) is placed
between the top ends of the one -by -fours;

a hole is drilled through the three sections,
and a bolt is used to draw the whole thing
together. Nails again may be added to
provide greater rigidity. Then to increase
the strength of the top section, pieces of
one -by -four are placed in between the
tapering side sections and securely nailed
from the outside. If six or more of these
pieces are placed between the sides, the
strength of the top section almost will
equal a solid piece of wood, will have less
tendency to bend, and will provide a top
section of extremely light weight.

The guys then are fastened. The top
ones are placed within a foot of the hoist-
ing pulley at the extreme top and the lower
ones just belpw the middle joint. Ora.
nary heavy -gauge galvanized wire may be
used, but one of the best and most inex-
pensive materials for the purpose is the so-
called steel clothesline. This is a heavily
galvanized cable, consisting of 7 strands of
No. 18 wire and is readily available at
most hardware stores. The "egg" insula-
tors are the best type to use. They are
arranged so that if the porcelain should
break, the loops of the wire passing
through the insulator will overlap, thereby
providing utmost safety. The anchors may
be almost anything driven into the ground,
but a type which has been found most sat-
isfactory, particularly where the guy wires
must necessarily be placed close to the
base of the pole, consist of pieces of pipe
buried in the ground horizontally, and
pieces of heavy cable fastened to them.

The "dead men" used on the mast shown
are two -foot pieces of pipe buried four
feet deep. Rocks and earth are piled in on
top of them so as to further distribute the
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Figure 51
upward force over a greater area. Con-
crete thrown in on top of the pipes would
provide greater rigidity. As a precaution
against rust, the pipe and the wire attached
to it should be given a coat of asphalt
paint.

To raise the mast, the base should be
placed between the sling and the lowest
bolt inserted to serve as a fulcrum. With
the aid of two ladders and about four
pairs of hands, no difficulty should be ex-
perienced in swinging the pole into posi-
tion. As for cost, the whole thing may be
put together, painted and swung into po-
sition for less than $5.

A 3/4 Meter Transceiver
WHILE the portable, shock -proof trans-

ceiver described here coLld have been
made a great deal smaller the size is con-
venient, allowing plenty of room for mak-
ing adjustments, and the popular type Na-
tional case is well adapted to the layout,
as shown in Figure 52.

Let us start with the wiring diagram,
Figure 55. From left to right we see an
antenna switching system with adjustable
coupling in both "Transmit" and "Re-
ceive" positions, the 75 cm. oscillator
(Gutton-Touly), other parts of the switch-
ing system and the audio stage. We will
consider each item separately.

When a single tube is used for both
detector and transmitting oscillator, especi-
ally when super -regeneration is being used,
some arrangement must be made for secur-
ing optimum coupling to (loading of) the
oscillator circuit. In many popular 5

meter "self-supering" transceivers no ad-
justment is provided, in which case cou-
pling must be set correctly for the "Re-
ceive" position. This position requires
fairly loose coupling in order to permit
super -regeneration. When switched to
"Transmit" position the coupling is too
loose for proper power transfer-perhaps
1/2 the output power is literally thrown
away. In this transceiver two coupling
loops are provided which may be adjusted
for best efficiency in "Transmit" and "Re-
ceive" positions.

This type of oscillator has proven it-
self well adapted to the acorn tube oper-
ating at 50 to 100 cm. as well as being the

Figure 52

simplest circuit possible. No special parts
are required. L3 and L4, constituting the
plate and grid "coils," are the pig -tailed
leads of blocking condenser Cl cut to 34
or 13/16 of an inch. It was found that
a little cathode impedance, L5, was neces-
sary to start oscillations, 1 -inch of wire
being satisfactory although 1%2 inches was
finally used. The space between this wire
and the sub -panel is fairly critical. A
Cardwell Trim -Air condenser is stripped
of all but two plates and these are spaced
somewhat wider than originally. The
stator plate is then cut in two, leaving

about ty inch between the halves. The
cut edges are well rounded. The con-
denser is so placed that only 1/./t inch of
lead is used to the grid and plate term-
inals, connections being made right at the
tube, not on the circuit end of the socket
terminals. Such an arrangement permits a
range of approximately 72 to 76 cm.

The transformer, Ti, operates from the
detector plate to the pentode grid in the
"Receive" position and from the single
button microphone to the audio grid in
"Transmit" position. The transformer, T2,
is a regular speaker output transformer
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.tillateur Transmitting Tubes
TRIODES

Type
Number

Max. Dimen.
Overall

la. Pl. Volts
Rating Nominal Output

likb.
DESCRIPTION

RK-10 2 1/16" x 5h" 7.5v 450v Modulator, R.F. Oscillator, Amplifier, Thoriated Fil., Isolantite Base
1.25a lOw

RK-15 21/16"x6" 2.5v 400v Zero Bias Cl. B Mod. R.F. Ampli., Doubler, Oxide Fil., Isolantite1.75a lOw Base, Grid Top Conn.
RK-16 2 1/16" x 2.5v 250v Class A Driver, R.F. Amplifier, Heater Type, Isolantite Base

2.0a 1.25w
RK-18 2 1/16" x 81/2" 7.5v 1000v Cl. B Mod., R.F. Osc., Amplifier, Thor. Fil., Iso. Base, Plate Top

3.0a 40w Conn.
RK-24 1 9/16" x 41/4" 2.0v 180v Modulator, R.F. Oscillator, Amplifier, Especially adapted for 56 MC

0.12a 1.5w Transceivers, Oxide Fil., Isolantite Base
RK-30 2 11/16" x 63,fi" 7.5v 1250v High Freq. R.F. Osc., Amplifier, Plate and Grid Conn. Top of Bulb

3.25a 65w
RK-31 2 1/16" x 81/2" 7.5v 1250v Zero Bias Class B Modulator, Isol. Base

3.0a 125w(2)
RK-32 7.5v 1250v High Frequency Triode

3.25a 50w
RK-34 1 9/16" x 4 11/16" 6.3v 400v High Freq. R.F. Osc., Amplifier, Isol. Base, Twin Triodes, Plate

0.8a 20w Conn's Top of Bulb
RK-100 2" x 51/4" 6.3v 150v Gaseous Discharge Amplifier Heater

0.9a 15w
R -203A 2 5/16" x MI" 10v 1250v Hi -Mu Triode, Class B Modulator or Amplifier, R.F. Amplifier or

3.25a 100w Oscillator, Thoriated Filament, Metal Shell Base
R-841 2 1/16" x 7.5v 450v High Amplification Factor, Audio Amp., R.F. Osc., Amp., Doubler

1.25a 13w
R-842 2 1/16" x 53c 7.5v 425v Low Amplification Factor, Modulator, Amplifier

1.25a 7w
R-864 1 3/16" x 334" 1.1v Low Microphonic Response, Tube for Modulator Preamplifier

0.25a 90v

PENTODES

RK-17 2 1/16" x 6" 2.5v 400v R.F. Oscillator, Amplifier, Doubler, Heater Type, Iso. Base, Grid Top2.0a lOw Conn.
RK-28 2 5/16" x 91/2" 10v 2000v Osc., Mod., R.F. Power Ampl. Cl. B & C., Thoriated Filament, Isolan-

5.0a 100w tite Base
RK-29 10v 2000v Osc., Mod., R.F. Power Ampl. Cl. B & C., Thoriated Filament, Porc.

5.0a 100w Comp. Base

SHIELDED PENTODES

R.F. Oscillator, Amplifier, Doubler Sup-
pressor Modulation, No Neutralization

RK-20 2 1/16" x 81/4" 7.5v 1250v Thor. Filament, Isolantite Base, Plate Top Conn.
3.0a 50w

RK-23 2 1/16" x 6" 2.5v 500v Heater Type, Isolantite Base, Plate Top Conn.
2.0a 15w

RK-25 2 1/16" x 6" 6.3v 500v Heater Type, Isolantite Base, Plate Top Conn.
0.8a 15w

RECTIFIERS

Pl. Voltage
Nom. PK. Curr.

RK-19 21/2" x 6%" 7.5v 1250v Full Wave, High Vacuum, Low Voltage Drop, Heater Type, Top
2.5a 0.6a Conn. Anodes

RK-21 21/2" x 2.5v 1250v Half Wave, High Vacuum, Low Voltage Drop, Heater Type, Plate
4.0a 0.6a Top Conn.

RK-22 21/2" x 6%" 2.5v 1250v Full Wave, High Vacuum, Low Voltage Drop, Heater Type, Top
8.0a 0.6a Conn. Anodes

R -866A 2 7/16" x 61/2" 2.5v 3500v Half Wave, Mercury Filled, Shielded Filament, Plate Top Conn.
5.0a 0.6a

R -872A 2 5/16" x 81/2" 5.0v 3500v Half Wave, Mercury Vapor, Shielded Filament, Plate Top Conn.
10.0a 2.5a

Courtesy Raytheon Production Corp.



1936 RADIO DATA BOOK 31

in "Receive" position and serves as a con-
ventional Heising choke when transmitting.
Two secondaries are provided, a 2000 -ohm
phone or magnetic speaker winding, and a
10 -ohm dynamic speaker winding. The 10 -
ohm output could be made to feed a low
impedance phone and has been so used
with very satisfactory response.

Construction Data
There is plenty of leeway allowable in

constructing this transceiver. However,
certain rules must be obeyed. The Card-
well condenser must be placed just above
the grid and plate terminals to permit the
very necessary short leads (remember-the
inductances are fl -inch wires) and to get
it out of the field of the sing!e turn circuit
as much as possible. The photograph,
(Figure 54) cannot tell the whole story
but can be useful. Note that the acorn
socket "sits" on the sub -panel and sup-
ports the loop. A large hole is cut out of
the sub -panel to allow plenty of "breath-
ing space" for those valuable 75 cm. mil-
liwatts. The micalex socket, although a
very low -loss support, is slit with a hack-
saw between grid and plate just in case
. . . and no sacrifice is made in mechan-
ical strength. The socket being right on
the sub -panel and the condenser being just
above it, the shaft and dial positions are
fixed, no alteration being permissible. The
Yaxley switch must be close to the an-
tenna lead-in bushings and must be so
placed that the leads are short and direct
to the coupling loops. This makes for a
neat system with not too 'ouch stray held.
Porcelain insulators (the same as the lead-
in bushings) take the 4 -loop leads through
the sub -panel. The r.f. chokes should be
directed away from the oscillating coil and
supported on tiny insulators. The small
wire used hasn't much mechanical strength
but cannot be made larger for fear of in-
creasing the distributed capacity and there-
by reducing the choking action.

In conventional apparatus the single
point grounding system is considered best
practise. At these frequencies, however,
this is not necessarily true because the
length of lead necessary to reach that com-
mon ground point may act as a series
choke-and does! The point where the
cathode lead is attached to the base is
made the pseudo -common ground point.
Holes are drilled under the cathode and
heater prong screws to prevent any grounds

Figure 53

at these points. All wiring, except leads
to the switches, is put beneath the sub -
panel. Wires in the vicinity of the oscil-
lating circuit are as short as possible and
run right against the sub -panel as a protec-
tion against interaction. The 41 socket
could have been sub -panel mounted. In
mounting the micro -mite insulators it is
well to put paper or lead washers under
them to prevent cracking when mounting.

While this outfit was supposed to he
used with a 6 -volt storage battery and 135
to 180 volts of B battery, the heaters may
be run from a 6.3 -volt a.c. source and the
plates from any suitable B supply, vi-
brator or a.c. type. The microphone must
then he fed from a separate source which
may be a 43,;: -volt C battery. It is im-
portant to use a plate milliamineter while
tuning up and the meter might well be
retained. It should show only the 955
plate current rather than the total B bat-
tery drain, and should be connected at
point X in the diagram. After testing
the filament circuit, the heater switch
should be opened and the B supply con-
nected. Now turn on the heaters again
and watch the plate meter. In the "Trans-
mit" position, it should rise and then dip
sharply once, while in the "Receive" posi-
tion, it should dip twice, indicating super -
regeneration. This is very important. The

Figure 54

test should be made with the antenna con
netted as the loading will have a great
effect. While there is little trouble in
getting the set working, many hours can
be spent on any 75 cm. rig in squeezing
out every bit of power available and in
tuning the antenna, or tuning the set to
the antenna and getting proper coupling
in both positions. A Yagi or other di-
rectional antenna might as well be used at
first, although until some Lecher wire
wave -length measurements are made, a 14 -
inch antenna fed by a 2 -wire line spaced
about 1 -inch will suffice. The line should
be tapped on the antenna about 13/2 inches
each side of the center, forming a "Y"
type impedance match.

Adjusting the Transceiver
In the -Receive.' position two adjust-

ments can be made to get the familiar
rushing sound of super -regeneration, the
length and position of the cathode imped-
ance wire and the amount of antenna
coupling. The coupling should be in-
creased until the smooth hiss gets rough,
then decreased slightly. The hiss may not
he uniform throughout the frequency range
hut should cover a large portion of the
dial. Now investigating the "Transmit"
position, watch for that second dip! If
it occurs, increase antenna coupling. If
this won't cure it maybe some antenna ad-
justment will. As a last resort, decrease
the transmitter grid leak to 10,000 ohms.
When testing for oscillation, the plate
prong will be "hotter" than the grid prong,
hence touch the plate prong with the finger
and watch for a rise in plate current.

The frequency should be adjusted by
varying the length of L3 and L4, 1 /32 of
an inch at a time! In the "Receive" posi-
tion, couple a pair of Lecher wires to
the oscillating circuit very loosely so as to
introduce as little error as possible. The
antenna should be connected. Slide a rigid
bar along the wires and note the points at
which the rush is reduced. The distance
between two such points is 1/2 wavelength.
The tuning range should be found while
the Lecher wires are connected. If it ex-
ceeds a few centimeters, it might be well
to increase the condenser plate spacing, for
there is no need to cover a lot of ter-
ritory and make adjustments harder. A
variation of frequency when shifting from
"Transmit" to "Receive" position can be
compensated for by sliding the coupling
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loop of the higher frequency circuit to-
ward the high r.f. voltage part of the
circuit (toward the tube) and so intro-
ducing a proper amount of capacity coupl-
ing. This can be done without changing
the amount of total coupling although a
few trials may be necessary.

A volume control may be used across
the secondary of Tl in place of the 1/2-
megohm fixed resistor if a pair of head-
phones are used. With a handset, it is
unnecessary. If the microphone gives too
high a level on 6 volts, the voltage may
be reduced, a few hundred ohms may be
used in series or the mike may be fed
to a 400 -ohm potentiometer connected
across the transformer input. The com-
pleted transmitter may be tested by using
a crystal detector (of 1920 vintage) across
a pair of phones, a short wire connected
to the crystal being placed near the an-
tenna. The receiver may be tested by

Figure 55

listening to car ignition or, better, by pick-
ing up harmonics of a nearby 5 -meter trans-
mitter - or even a 20 -meter phone. Of
course, a single transceiver is quite use-
less. Like trousers, you must have a pair
to be able to use them! The construction
and outdoor field testing of a pair of 75
cm. transceivers would certainly be an ex-
cellent summer program for a radio club.

As to the range to be expected-car to
car in a residential section, 1/2 to 1/2 mile;
rural section, 1/2 to 1 mile; house to car,
perhaps 2 to 5 miles, depending on loca-
tion, height and conditions along the path
of transmission. In a test at Jones Beach
State Park, Wantagh, L. I., voice com-
munication was carried on up to a distance
of 12 miles with 100% intelligibility up
to about 10 miles.

Seventy-five cm. work is very convenient
for beginners in the amateur game. Of
course, a license is required as with any

type transmitter. There is no interference
of any kind, barring some car ignition and
man-made interference, but these are much
less bothersome at this wavelength than at
5 meters. It really amounts to a clear chan-
nel on the air. It is ideal for code practice
or private chats. And there are no worries
about being off frequency-for the present,
at least.

List of Parts
CI-Aerovox min .ondenscr, type 1468, .0001

mfd.
C2-Cardwell "Trim Air" midget condenser,

type RT-15
C3-Aerovox mica condenser, type 1468, .0005

mfd.
C4-Aerovox electrolytic condenser, type PR25,

10 mfd., 25 -volt
J1, J2-Yaxley junior jacks, type 701
R1-Lynch resistor, 15,000 ohms, Y2 watt
R2, R3-Lynch resistors, Y. megohm, y4 watt
R4-Lynch resistor, 600 ohms, Y2 watt
SW1-Yaxley midget jack switch, type 10
SW2-Yaxley 6 -pole, 2 -throw gang switch, type

1335, 3 -deck
TI-National combination microphone and plate -

to -grid transformer, type TR-1
T2-Thordarson pentode plate to 2000- and

10 -ohm output transformer, T-6806
1 National receiver case
1 National "Velvet Vernier" dial, type BM
1 Communication Eng. Co. micalex socket foi

955
1 National 6 -prong Isolantite or equal tight.

grip socket
1 Jones 4 -prong plate plug
1 Jones 4 -contact cord socket
1 4 -wire battery cable for outside use
6 Birnbach smallest porcelain lead-in insulators
2 Birnbach Micro -Mite porcelain stand-off insu

lators
1 0.10 ma. d.c. meter for setting up (optional)
10 feet No. 10 or 12 solid antenna wire, or

brass rod
oz. No. 33 d.s.c. or s.e. wire for r.f. chokes

Y2 inch bakelite shaft with 6-32 screw pinned
in one end to serve as extension shaft for
Cardwell condenser 2 inches in length

3 inches bakelite rod to serve as mounting bush.
ings for Cardwell condenser, ends drilled and
tapped for No. 4 screw

International Call Letters
CALL letters of foreign code stations

are of special interest to the radio
amateur because from these it is possible
to tell the nationality of the transmitter.
Thus any call beginning with G indicates
a station in Great Britain; F in France,
D in Germany, etc. Smaller countries with
fewer transmitters have more limited assign-
ments. Morocco, for instance, is assigned
all calls which employ CN as the first two
letters. The list of these "International
Call Letter Assignments" is given herewith.

For the benefit of short-wave fans, we
call attention to the fact that, in code trans-
mission, the call letters are always precededby - . . . (de). The letters of the
station called are usually repeated 3 times,
followed by the letters of the caller, also
repeated 3 times, thus: XAB, XAB, XAB
de KNL, KNL, KNL, would indicate a
U. S. Station calling a Mexican station.

Inasmuch as c.w. (code) transmissions
carry further than 'phone or broadcast sig-
nals, and as many c.w. stations employ high
power, it is possible to log many countries
in this way, who either do not have broad-
cast transmitters or whose broadcast trans-
mitters do not reach out.

Call Signal ( °angry Call Signal Country
CA A saa. Chile OUA-OZZ Denmark
CFA -CKZ Canada PAA-PIZ Netherlands
t'LA-('MZ t 'ohs PJA.PJZ Curacao
CNA.CNZ Morocco PKA-POZ Dutch East Indies
COA-COZ
CPA-CPZ
CQA-CRZ

tuba
Itolivia
Portuguese Colonies

PPA-PYZ
l'ZA-I'ZZ
ta

Brazil
suftuarn
(abbreviations)

CSA.CUZ Portugal IT. S. R. R.
CVA-CXZ Uruguay SAA.SMZ Sweden
CYA-CZZ Canada SOA-SRZ Poland
D
EAA-EHZ
EIA.EIZ
ELA.ELZ
EPA-EQZ
ESA-ESZ
t. -TA ETZ
EZA-EZZ
F

Germany
Spain
Irish Free State
Liberia
Persia
Estonia
Ethiopia
Territory of the Saar
France and colonies and pro.

tectorates

SSA.SSZ
STA-SUZ(
SVA-SZZ
TAA-TCZ
TFA-TFZ
TGA-TGZ
TIA-TIZ
TKA-TZZ

U
VAA- VGZ

Egypt
Greece
Turkey
Iceland
Guatemala
Costa Rica
France and Colonies and Pro-

tectorates
S S. R

CanadaGreat Britain VHA- VMZ AustraliaHAA-HAZ Ilungary VOA. VOZ NewfoundlandHBA-1111Z Switzerland VPA- V87. British colonies and protec-RCA-HCZ Ecuador torates
HIIA-111(2 Haiti VTA- VWZ British IndiaIIIA-IIIZ Dominican Republic VXA- VYZ Canada
IIJA-IIKZ Colombia %V United States of AmericaIIPA-IIPZ Republic of Panama XAA-XFZ MexicoHBA-IIRZ Honduras EGA-Xt'Z ChinaSiam XYA-XZZ British IndiaIIVA. IIVZ Vatican City YAA-YAZ AfghanistanlIZA-11ZZ Saudi Arabia YBA-THZ Dutch East IndiesItaly and colonies YIA-TIZ TrapJapan YJA-YJZ New HebridesK United States of America YLA-YLZ Latvia
LAA-LNZ Norway YMA-YMZ Free City of Danzig
LOA-LWZ Argentina YNA-YNZ NicaraguaLXA-LXZ Luxemburg YOA-YRZ Roumania
LYA-LYZ Lithuania YtiA-YSZ Republic of El Salvador
LZA-LZZ Bulgaria YTA.YUZ YugoslaviaGreat Britain YVA-YWZ Venezuela
N United States of America ZAA-ZAZ Albania
OA A.00Z Peru ZIIA-ZJZ British colonies and protec-OEA-OEZ Austria torates
OFA-011Z Finland ZKA.ZMZ New Zealand
OIA.OJZ Zi'A-ZPZ Paragon)*
OKA-OKZ Czechoslovakia ESA -Z CZ Union of South Africa
ONA-OTZ Belgium "and colonies ZVA-ZZZ Brazil
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BROADCAST RECEIVERS

A Universal Snperhet

THE
universal "transformerless" super -

heterodyne presented here uses only 4
tubes yet has enough sensitivity to

operate on a short aerial. The tubes are
so chosen as to be adaptable to battery op-
eration and the power dissipation is un-
usually low. The tubes employed are the
6A7, the 6C6, the 38A and the 25Z5.

The circuit (Figure 58) consists of one
oscillator -modulator stage, one regenerative
detector stage, and a stage of audio -fre-
quency power amplification.

The unique feature of this design is the
utilization of the 6C6 as a fixed regen-
erative detector, part of the amplified in-
termediate frequency is reflected from the
plate to the grid circuit through the C16,
L3 channel. This renders the set very
selective and sensitive. It thus is, with
less parts, the equivalent in performance
of a 5 -tube superheterodyne receiver. The
mechanical construction of the 6C6 tube
necessitates its shielding.

The oscillator coil has been calculated
to 130 microhenrys. If such a coil is

not available, it can be constructed as

follows: Wind closely on a 4 -inch tubing,
100 turns of No. 32 enamel covered wire.
Over this tuning section, starting from the
ground end of the coil, wind in the same
direction 50 turns of the same size wire.
These two windings should be separated
by impregnated paper of not less than 1/32
inch thickness. The terminal of the
coupling winding nearest the ground end
of the tuning coil should go to the oscil-
lator plate of the 6A7, grid number 2,
while the other end of the coupling coil
goes to B plus. The high end of the
tuning section goes to the oscillator grid
of the 6A7 tube (grid number 1).

If the unshielded 456 transformer, L3,
employed does not contain a feed -back
winding, this section can be easily con -

Figure 57

Figure 56

strutted as follows: Scramble wind 60
turns of number 40 enamel copper wire
on a sleeve (tubing) that is tight fitting
on the dowel of this transformer. This
tubing should be placed next to the grid
coil of the transformer. The feed -back
winding should be in the same direction
as the grid coil winding.

Connect the inside terminal of the feed-
back winding to the outside terminal of
the grid coil which goes to ground. The
outside terminal of the feed -back winding
should be connected to the moving part of
the padding condenser, C16.

By moving the tubing to and fro from

the grid coil an additional method of
adjusting the regeneration of the detector
is afforded to that of the padding con-
denser C16.

For operation on light lines, the heaters
of the four tubes are connected in series
and the line voltage is reduced by means
of the dropping resistor RIO. The se-

quence of the connection of the heaters
of the various tubes as shown in the
schematic diagram should be strictly fol-
lowed as this arrangement was found to
give a minimum amount of hum. For
automobile use, an adapter makes possible
the connection of the heaters in parallel

Figure 58
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and the introduction of a separate B
supply.

How sensitive this set is may be ap-
preciated from the fact that with only 25
feet of indoor aerial and no ground con-
nection, distant stations such as WLW,
Cincinnati, and WTAM, Cleveland, were
received with good volume at a location
in New York. The selectivity of the
receiver is about 30 kc. The receiver
chassis is probably one of the smallest yet
designed; its dimensions being 8% inches
by 4% inches by 1% inches.

The complete specifications for the
chassis are given in Figure 57 for those
who desire to fabricate this at home. The
layout of parts is easily followed from the
photograph, Figure 56.

List of Parts
C --General Instrument midget 2 -gang variable

air condenser, clockwise type, oscillator sec-

tion cut for 456 kc.i.f.: t.r.f. section 365
mmfd., shaft 2" long, 4" diameter

CI-Solar mica condenser 0.001 mfd. 200 -volt
peak

C2-Solar mica condenser. 0.00025 mfd., 200 -
volt peak

CS. C4, C6, C9-Solar tubular paper condensers
0.1 mfd., 175 -volt peak

05, CIO-Solar dry electrolytic tubular conden-
sers 10 mfd., 35 -volt peak

C7-Solar mica condenser 0.005 mfd., 200 -volt
peak

C8-Solar tubular paper condenser 0.03 mfd.,
175 -volt peak

C11-Solar tubular paper condenser 0.006 mfd..
175 -volt peak

C13, C12-Solar dry electrolytic condensers dual
16-8 mfd., 175 -volt peak

C14-Solar dry electrolytic condenser 8 mfd.,
175 -volt peak

CIS-Solar tubular paper condenser 0.05 mid.,
175 -volt peak

CI6-Hammarlund padding condenser 450 mmfd.
maximum

LI-Gen Ral Type RFB No. 4 antenna coil
L2-Gen Ral Type RFB No. 4 oscillator coil
L3-Gen Ral Type RFB No. 4 i.f. transformer

with feed -back winding, 456 kc.
L4-Kenyon 30 henry, 40 milliampere choke,

300 ohms

R-One Stackpole 5000 -ohm potentiometer with
line switch

RI-Micamold resistor, 150 ohms, % watt
R2, R4-Micamold resistors 25,000 ohms, 54

watt
R3-Micamold resistor 30,000 ohms, VS watt
R5-Micamold resistor 0.25 megohm, % watt
R6-Micamold resistor 0.5 megohm, 54 watt
R7-Micamold resistor 100,000 ohms, % watt
R8-Micamold resistor 2 megohms, Y2 watt
R9-Micamold resistor 1500 ohms, 1 watt
RIO-Gavitt line cord with resistor 250 ohms,

25 watts
V-General Electric neon glow lamp, 110 -volt

type
One Eby 7 -prong socket for 6A7 tube
One Eby 7 -prong socket for automobile adapter
Two Eby 6 -prong sockets
One Fhv 5 -prong socket
One Jensen 5 -inch dynamic reproducer with out-

put transformer designed for the 38A tube.
field resistance of speaker 3500 ohms

One Insuline electralloy chassis 8% inches by
4'4 inches by 1% inches high

One Crowe tuning unit with escutcheon
One Crowe plate for volume control
TWO Kurz Kasch knobs, one for R and one for

C.
One Eby 7 -prong plug with 8 feet of 4 -wire

cable
One antenna reel 25 feet long

2 -Volt DX'ers Super
WHILE this new, battery -operated re-

ceiver was designed with the require-
ments of the DX'ers uppermost in mind,
nevertheless, it is an ideal receiver for
those living out in the country where line
supply is not available. It has all the
features necessary to satisfy the ordinary
broadcast listener. The extra features
thrown in for the benefit of the DX'er
will be found likewise useful to this or-
dinary listener.

The receiver design incorporates an un-
usual combination of features. The set
contains:

1. Both automatic and manual gain
control.

2. A signal strength and tuning meter
providing a deflection of over 2 inches
on strong local signals, and so sen-
sitive that deflection of nearly % inch
is obtained on the weakest signal.

3. A headphone -speaker switch which per-
mits either of these units to be
switched in, automatically cutting out
the other; and with both headphones
and speaker connected to an output
transformer, preventing shock and d.c.
overload.

4. A tone -control knob on the front panel
which permits drastic attenuation of
the high frequencies, thus materially
improving the signal-to-noise ratio
when trying for weak signals.

5. Full battery operation, eliminating all
line noise.

6. Three dual-purpose tubes included
(1A6, 1B5 and 19), thus permitting

seven tubes to perform the functions
of ten.

7. Absolute single -control tuning with air-
plane dial.

8. Frequency range wide enough to in-
clude the high-fidelity channels at 1530
and 1550 kc.

9. Ample loudspeaker volume to fill a
good -size room, even on distant sta-
tions.

10. Sensitivity and selectivity to gladden
the heart of the most critical DX'er.

The circuit diagram, Figure 61, shows
a type 34 r.f. stage; a type 1A6, com-
bined oscillator -mixer; 2 type 34, 175 kc.

Figure 59

i.f. stages; a type 1B5 duplex -diode tri-
ode, detector, a.v.c. and audio stage; a
type 30 driver and a type 19 class B
audio power stage. A toggle switch, SW2
provides for use of either manual or
automatic gain (volume) control and an-
other switch, SW3 allows a choice of
speaker or headphones. The tuning meter
is in the plate circuits of the first three
tubes (which are a.v.c. controlled). For
economy, the plate voltage was limited to
135 with 9 and 3 volt separate C batteries.
The 3 -volt C battery provides minimum
bias for the first three tubes and cannot
he grounded in the a.v.c. position. Hence
the separate battery. The filaments may be
supplied from a single 2 -volt storage cell
directly, from an Eveready Air Cell
(through a 0.44 ohm resistor connected at
"X" in Figure 61) or from a 3 -volt series -

parallel bank of dry cells (through a 6 -
ohm rheostat connected at "X"). The

filament drain is 680 ma. which includes
one 60 ma., 2 -volt pilot lamp. The B
drain with no signal will be 25 to 30
ma. The 19 will draw additional plate
current momentarily on loud signal peaks.

The output transformer employed has
two output windings. The 4000 ohm
winding is for a magnetic or a perman-
ent -magnet type dynamic speaker. This
impedance is desirable for operating speak-
ers of these types, because a better match
is provided, particularly at the higher
audio frequencies. The 2000 ohm wind-
ing is preferred for headphones, providing
a better impedance match for the medium
audio frequency ranges and somewhat at-
tenuating the higher frequencies and there-
fore, noise. Headphones and speakers can
both be left permanently connected to the
receiver and one or the other selected at
will by means of the toggle switch at the
right of the tuning knob.
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Signal -Strength Meter
A tuning meter is important in and

highly selective recciL r. However, the
small tuning meters employed in com-
mercial receivers fall far short of the ideal.
The one employed with the 2 -volt DX'ers
Super overcomes the obstades of the or-
dinary tuning meter and is one of inesti-
mable value to the DX'er. In the first
place, in order to spread out the scale, a
standard milliammeter is employed. Then
to take fullest advantage of this wide scale,
an adjustable shunt, Ri4, is connected
across the meter so that full-scale de-
flection, with no signal tuned in, is ob-

tained. This permits of maximum re-

tardation when signals are tuned in. V'hen
the meter is connected to the receiver and
with no signals tuned in, or the antenna
disconnected, the shunt rheostat is adjusted
until the meter reads full scale. There-
after, each station tuned in will cause the
meter to retard more or less, depending on
the strength of the signal. During the
tests of this receiver, powerful local sta-
tions caused the neddle to swing approxi-
mately 2 inches, and so great is the meter
sensitivity that the weakest signal that
could be heard on headphones caused the
meter to retard nearly half an inch. With
such wide variations as these, the meter
serves not only as a tuning meter but,
more important still, as a direct indicator
of signal strengths

In view of the fact that the tubes draw-
ing their plate current through this meter
have a total drain of only about 2.5 ma., it
is necessary that the meter range be less
than this value. For this reason a meter
having a range of 0-1 ma. is employed.
This meter could have been mounted in
the receiver, but it is more convenient to
use it externally. The meter and its shunt
rheostat are, therefore, mounted on a strip
of aluminum, bent to convenient shape
and connected to receiver by means of a
pair of twisted flexible wires. (See Figures
59 and 62.)

Connecting and Aligning
A set of "Blueprints" including a full

size chassis drilling template (Figure 63),
and a picture wiring diagram of the "2 -
Volt DX'ers Super" may be obtained by
sending 50c. to RADIO NEWS, Blueprint
Dept., 461 8th Avenue, New York City.

Figure 60

A top view of the chassis is shown in
Figure 60.

When the wiring has been completed
and the set ready for test, connect the
A battery only; and remember the filament
series resistor if an Air Cell or 3 -volt

pack is used. The tubes should glow at a
dull red which is hard to distinguish in
bright light. Next, connect the C batteries.
Before connecting the B batteries, put a

10,000 ohm resistor in series with the
tuning meter and temporarily connect re-
sistors of 1000 ohms or so in the plus 45
and 135 volt leads to save the batteries
in the event of a short circuit. A 25 to
100 ma. meter in the negative B lead
will also help get things running-but
make sure those resistors are in. With
speaker or phones connected, there should
be a click when adding the 135 volts. If
all is well, some station will probably be
heard.

The set should now be carefully aligned,
starting with the i.f. stages. If possible,
secure an oscillator which is accurately
calibrated at 175 kc. The oscillator signal

Figure 61

is applied to the plate terminal of the
1A6 socket. The tuning meter forms an
excellent alignment meter (when the a.v.c.
switch is in the "on" position), and the
test signal need not be modulated. In
aligning the i.f. transformers, the following
precautions must be observed. First, use
a non-metallic screw -driver, preferably
nude from a bakelite rod. An accidental
short circuit of the shield of the i.f. trans-
former to the adjusting screw will burn
out the meter. It is also advisable dur-
ing all adjusting operations to keep the
10.000 or 15,000 ohm resistor in series
with the tuning meter. Adjust each trim-
mer until maximum retardation of the
meter is secured. Now proceed directly
with the r.f. alignment.

First, tune the oscillator to 1400 kc.
Then tune the receiver to the same and
adjust each trimmer on the gang con-
denser until the meter reading is a mini-
mum. Now, tune the oscillator and re-
ceiver to 600 kc. Don't touch the trim-
mers, but adjust the padding condenser
until minimum meter reading is secured,
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Figure 62

rocking the gang condenser back and forth
while making the adjustment. Now re-
check at 1400 kc. If an oscillator is not
available, align the r.f. circuits first by
tuning in good steady station signals at
around 1400 and 600 kc. Then when the
r.f. end is lined up make the adjust-
ments in the i.f. transformer tuning to
bring them into exact alignment.

The protective resistors may now be re-
moved and meter rheostat adjusted so that
the meter shows full-scale deflection with
the a.v.c. switch "on" but no signal tuned
in. The receiver is then ready for use.

When working properly, the receiver
should have some tube hiss and more or
less background noise, depending on the
location, when turned full -on. The tuning
should be very sharp in the "manual"
position. Though not broader, the tuning
will appear so in the a.v.c. position.

Two antenna posts are provided for
doublet and other types of ungrounded an-
tennas. When an ordinary antenna is used
the middle post should be connected to
the ground post (chassis).

It should be noted that filament type
tubes encourage feedback, or coupling, be-
tween stages. Therefore, a receiver with
such tubes will be inherently somewhat
less stable than a set using unipotential
(heater) type tubes. This may not be
noticeable, but, for the utmost gain pos-
sible, it will pay to experiment a hit

with a by-pass condenser (0.1 to 1.0 mfd.)
connected from the positive filament to
chassis. In this particular set, the con-
denser had no effect. In another, it may
be useful. Additional plate and screen -
grid filters consisting of a 10,000 ohm re-
sistor and 0.1 mfd. condenser may permit
a bit more gain.

Parts List
CI-Trutest variable condenser, type TRF. 3 -

gang. .000365 mfd. (each section) with trim-
mers

C2, C3, C6, C7, C10--Aerovox tubular con-
densers. type 284, .05 mfd., 200 volt.

C4. C5, C8, C12, C20, C21-Aerovox tubular
condensers, type 284, .1 mfd., 200 volt

C14-Aerovox tubular condenser, type 284, .03
mfd., 200 volt

C17-Aerovox tubular condenser, type 284, .006
mfd., 200 volt

C18. C19-Aerovox tubular condenser, type 284
.5 mid.. 200 volt

C9-Aerovox mica condenser, type 1467, .00035
mfd.

CI 1-Aerovox mica condenser, type 1467, .0001
mfd.

C13-Aerovox mica condenser, type 1450, .01
mfd.

C15-Aerovox mica condenser, type 1467, .00025
mfd.

C22 Aerovox mica condenser, type 1467, .0005
mfd.

C16-Hammarlund oscillator padding condenser,
type MICS-1000. .0006 to .001 mfd.

RI, R2, R3-Lynch fixed resistors -100.000
ohms. 14 watt

R4, Electrad volume control, type 272W, 100
ohms

R5-Lynch fixed resistor, 20,000 ohms, 54 watt

Figure 63

R6, R7-Lynch fixed resistors, 250,000 ohms 36
watt

R8, R14-Lynch fixed resistors. 50,000 ohms, 54
watt

R12-Lynch fixed resistor, 1 megohm 54 watt
R9-Electrad volume control, type 203, 500,000

ohms (with special d.p.s.t. snap -on -switch,
Scd1)

R10, R13-Electrad volume controls, type 205,
50.000 ohms

R.F.C.-National, type 100, r.f. choke
SW I-Electrad switch (see R9)
SW2-Toggle switch, d.p.d.t.
SW3-Toggle switch, s.p.d.t.
TI-Sickles antenna r.f. transformer, type 550
T2-Sickles interstage r.f. transformer, type

551
T3-Sickles oscillator coil, type 570
T4, 1.5, T6-Hammarlund 175 kc. i.f. trans-

formers. type T-175
T7-United transformer Company input Class

B, 30 to 19, audio transformer, type NS -29
T8-United Transformer Company output Class

B audio transformer, plates of 19 to 2000
and 4000 ohms, type NS -33

1-Metal chassis (see Figure 62)
1-Eby triple antenna post assembly
2-Eby 2 -gang phone -tip jack strips
1-Trutest airplane type dial, 0-100 divisions
3-Small bakelite knobs, for %-inch shaft
1 -2 -volt, 60 ma. pilot lamp
1-Electrad Tru-volt resistor I ohm. 10 watt

(used only with air cell battery) adjust
6-Triple lug mounts for supporting small parts
1-9 wire cable, moisture -proof, length 4 feet or

more
4 -4 -prong wafer type sockets
3 -6 -prong wafer type sockets
2-Goat tube shields, type ST12
3-Goat tube shields, type ST14
I-Rubber grommets, for cushion mounting of

variable condenser
1-Type 1A6 tube
3-Type 34 tubes
1-Type 30 tube
I-Type 1135 tube
I-Type 19 tube

Accessories List
m-Triplett 0-1 ma. milliammeter, type 321,

bakelite case (knife edge pointer optional)
1-Pair head -phones
1-Permanent-magnet dynamic, or magnetic type

sneaker
1-Eveready Air Cell, type SA600, or other A

battery
3 -45 -volt B batteries, medium or heavy duty
3 -4% -volt C batteries, tapped
1-Stand for meter
1-Electrad potentiometer, type 272W, 100 ohms

(for variable meter shunt)
1-Eby double binding post strip (for meterstand)

A Superhet De Luxe
THE receiver described in this article was

designed by B. Gordon Valentine to
meet his requirements of an ideal receiving
snit. The set offers a number of novelties
and is prevented primarily for the experi-

enced set builder and for those who will
be able to apply such features of this re-
ceiver as particularly appeal to them.

The prime requisite aimed at in the
tuner-designated V-8 for brevity in future

references-was reproduction of broadcast
programs-musical numbers in particular
-as nearly perfect as could reasonably be
expected under existing conditions of chan-
nel separation. This meant that in the
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first place, the tuner mast be selective.
When one considers that to obtain realistic
reproductions of musical numbers a wide
frequency response is required, the fore-
going statement may sound somewhat para-
doxical. With 10 k.c. channels however,
one must be able to eliminate completely
interference from adjacent stations in order
to really enjoy any program-even though
some sacrifice in fidelity is involved in so
doing. When conditions permit, however,
it is desirable to have some convenient
method for reducing selectivity and there-
by improving fidelity. The new variable
coupling intermediate frequency trans-
formers introduced recently by Hammar-
lund provide a ready means for doing this,
and their use greatly increases flexibility
of operation.

The V-8 is for the broadcast band of fre-
quencies 540-1650 k.c. only, as it was
decided that the introduction of all -wave
features would involve many complications.

For variety in broadcas: reception, par-
ticularly in locations at a distance from
powerful stations, a tuner should be sen-
sitive-and the gentility:), ,hnuld be usable.

To achieve these various requirements
no limitation was placed on the number

won id
of controls provided.

With these definite aims in view a

circuit was selected as follows: two stages
of radio -frequency amplification using 58
pentodes, a 57 modulator and 56 oscil-
lator, two stages of i.f. using 58's, fol-
lowed by a 56 connected as a diode second
detector and a.v.c. tube and, last, a 56
as an audio amplifier. The circuit is
shown in Figure 65.

Many layouts were tried, to give the
best sequence of stages in arrangement of
the chassis, witn due regard to simplicity
and directness of wiring, etc. A con-
ventional steel chassis and numerous cop-
per shields were made, remade and altered
until the original carefully constructed
chassis took on the appearance of the
proverbial Swiss cheese. It was felt, never-
theless, that experience and information
so gained justified the building of another
tuner and the hope was entertained that
this one would be a more permanent and
less ventilated model than its predecessor.
Several essentials for the attainment of sat-
isfactory results had been made evident:
(1) rigidity of the chassis, (2) more than
ordinary care in shielding and filtration.
and (3) high grade components. (1) was

Figure 65

best met by a casting, and this preference
extends to (2) also. Item (3) involved
a little higher initial outlay for parts but
saved many recriminations and further out-
lay at a later time.

On the strength of these convictions,
and giving due consideration to physical
size and its relationship to circuit effi-
ciency, an aluminum casting 203/4 inches
long, 11 inches wide and 3 inches deep
was made from a carefully constructed pat-
tern. An alloy with minimum iron con-
tent was used. Figure 68 shows the cell-
ular construction employed. The top and
bottom surfaces were disc ground, and
grooves milled in the upper surface for
wiring. The designer is aware that this
class of work may be somewhat out of the
realm of the average radio fan, and con-
siders himself fortunate in having facil-
ities for doing it.

Chassis Arrangement
The general arrangement of the chassis

is such that the r.f. signal progresses from
left to right along the front of the chassis
-the modulator being at the right front.
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Figure 69-Above

The i.f. signal progresses from right to
left along the back. As there was the pos-
sibility of the tuner being at some dis-
tance from its associated amplifier and
power supply a filament transformer was
included in the tuner. A 5 -pin plug lo-
cated at the back provides connections for
plate, screen, and a.c. line supply, and
ground. The enclosed space V2 -inch wide
at the back of the chassis contains fila-
ment, screen and a.v.c. leads for the i.f.
amplifier. The output lead from tuner to
amplifier is at the left rear where it is
removed from other connecting wires. The
265 and 125 -volt leads are run in the
covered transverse and longitudinal grooves,
branches being taken to the various com-
partments containing tube sockets and fil-
ters. A deep longitudinal groove carries
the plate lead from the third r.f. trans-
former to the 2nd r.f. tube plate. This
groove is separate from the other. An-
tenna and ground connections are made to
pin jacks through the left-hand wall of
the chassis adjacent to the 1st r.f. trans-
former. The audio volume control knob
is located on the left-hand end, toward
the hack, as shown in Figure 66. This
position may seem rather unusual, but was
chosen primarily because the potentiometer
which it operates is close to the diode
where it belongs, and secondly because the
tuner is set on top of a speaker cabinet,
and the control is convenient to the left
hand when tuning with the right hand.

From left to right along the front of
the tuner as shown in Figure 64 are 1st
and 2nd r.f. trimming condensers, and
omitting the controls on the centre panel.
the oscillator and 3rd r. f. trimmers. From
top to bottom in the center panel are the
tuning meter, frequency indicating dial.
frequency selector, and i.f. gain control.
Below this is what at first sight might
appear to he a simple control, but in
reality is dual, the large knob controlling
the variable coupling of the coils in the
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first two i.f. transformers, and the hex-
agon shaped one being the a.v.c.-no
a.v.c. switch control. The large knob is
attached to a brass tube running through
to the back of the chassis where a pinion
is mounted on it. The teeth of the pin-
ion engage with those of a rack attached
to a push rod sliding transversely in
guides in the chassis. This push rod car-
ries collars, each of which bears on one
arm of levers whose other arms are in
contact with the spring -returned push rods
carrying the plate coils, in two of the
Hammarlund i.f. transformers. This
sounds rather involved, bat a glance at
Figure 67 should make it clear. Rotation
through about 90 degrees of the panel con-
trol gives 34 inch movement of the plate
coils, and with the adjustments provided
on the transformer push rods and on the
rack push rod, any fraction of this maxi-
mum movement can be obtained. To pre-
vent rattles developing due to vibration the
bell crank levers are slightly loaded at
their bearings by means of a light spring
mounted on the pivot pin. To offset the
effect of friction so introduced, the ends
of the levers in contact with the trans-
former push rods are weighted, thus re-

lieving the springs in the transformers of
all duty other than returning the coils to
the position of minimum coupling. A con-
trol of radio -frequency gain is provided on
the left-hand side of the chassis.

As regards choice of intermediate fre-
quency to employ, experience with fixed
coupled i.f. transformers tended to show
that more gain and better inter -channel
selectivity was obtainable using 175 kc.
than 465 kc. Using variable -coupling
transformers this probably still applies as
regards gain, but at that we have more
gain available at 465 kc. than can ever
readily be used, and any degree of selec-
tivity can be attained.

All grounding is done to a heavy
tinned copper bus insulated from the
chassis by varnished cambric tubing at all
points where it passes through the parti-
tions, and the chassis is connected to this
bus at one point only, and that as near
to the five -pin connection plug as possible.
Furthermore, all tuned circuits are com-
pleted independent of the chassis, and inde-
pendent of each other, by insulating the
tuning condensers from the chassis and
from each other. In this way eddy cur-
rents in the chassis itself are prevented.

As has already been stated, the coupling
of the first and second i.f. transformers
can be varied. The transformer preceding
the diode is set at a fixed degree of
coupling.

Though somewhat beyond the scope of
this article, the primary purpose of which
has been to describe the V-8 tuner, a
circuit diagram is given of the amplifier
and power supply (Figure 69.) The
parallel feed choke in the plate of the
59 triode combined with the .5 mfd. cou-
pling condenser were chosen to favor re-
sponse to frequencies in the neighborhood
of 4500 cycles. The use of fixed bias on
the 59 driver and 45 tubes, using Class A
prime, allows of obtaining high output and
adapts the amplifier to handle the very
healthy signals supplied by the tuner. To
prevent feed -back both tuner and amplifier
are mounted on sponge rubber cushions.
and the speaker baffle is similarly insulated
from the bounding walls of the cabinet.

The designer makes no extravagant
claims for this tuner, but does say that
from his own experience, and from that
of others who have built it, results justify
what may appear to be somewhat unusual
methods of construction.

Trap -Circuit Tenatuner
DUE to the variety of input circuits em-

ployed in different receivers today, the
design of an antenna tuner is somewhat
complicated. It was because of this that a
comprehensive study of this whole prob-
lem was undertaken to determine whether
any antenna tuner could be worked out to
function successfuly with all types of pres-
ent-day broadcast -band receivers. This study
has resulted in the development of the
"Trap -Circuit Tenatuner," shown in Figures
70 and 72, which incorporates five differ-
ent circuits-three of which are antenna
tuning circuits and the other two wave
trap circuits, any of which is selected by a
flip of the switch (SW2).

A really amazing kick -up in signal
voltage is obtained by tuning the antenna
-as proven by actual measurements made
in testing out this unit. For instance, in
the RADIO NEWS Broadcast Band Listening
Post in New York City, using a super-
heterodyne receiver equipped with means
for actually measuring signal inputs, a
group of stations were tuned in and their
signal voltages measured with and without
tuning the antenna. These measurements
showed an average improvement of 820
percent in signal voltage when the antenna
W41.4 tuned. A DX signal so weak as to
be inaudible can be brought up to mod-
erate loudspeaker volume through the use
of this Tenatuner. Figure 71 shows the
complete schematic circuit.

Figure 70
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Figure 71

Figure 73 shows at (B), (C), and
(D) the three antenna tuning circuits of
this unit. (D) is the conventional series
tuned circuit while (B) and (C) are series
parallel circuits. In general, circuit (D)
is most effective with receivers having low -
impedance inputs while (B) and (C) are
most successful with receivers having med-
ium- and high -impedance inputs. It is
not always possible to say in advance
which one of these three circuits will work
best with any one receiver but an instan-
taneous change from one circuit to the
other is obtainable by means of the circuit
selector switch SW2. In using this Trap -
Circuit Tenatuner therefore it is only
necessary to connect it ahead of your re-
ceiver. This is accomplished by connect-
ing your antenna to terminal 1, the an-
tenna binding post of your receiver to
terminal 2 and the grounded ground bind-
ing post of your receiver to terminal 3.

Then when SW2 is set in the "off" posi-
tion the tuning unit is automatically
short-circuited, connecting the antenna di-
rect through to the receiver. In position 1
the tuner functions as circuit (B), in
position 2 circuit (C) is in use and in
position 3 the circuit becomes the series
tuned one shown in (D). A little ex-
perimenting with this switch in position
1, 2, and 3 will show which of the
three positions is most effective with your
particular receiver.

The circuits (E) and (F), Figure 73,
are wave -trap circuits. (E) is intended
primarily for use in superheterodynes hav-
ing an intermediate frequency around 465
kc. and is used to eliminate interference
picked up at the intermediate frequency.
It will also function as P wave trap over
a good part of the broadcast -band. If
there are powerful local stations toward
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the high -frequency end of the broadcast -
band which cannot he trapped out with
circuit (E) then circuit (F) will do the
trick because in this circuit the inductance
can be reduced by means of tap switch
SW1 whereas in circuit (E) the tap
switch (SW1) must be set on tap 10 and
the entire inductance is therefore in the
circuit at all times. In using circuit (F)
it is necessary to connect an external

Figure 72

jumper between terminals 2 and 4 of the
tuning unit. This is the only circuit of
the six that requires this special external
connection.

The switch SW2 employed is one of the
new Yaxley type gang switches. These
switches are supplied with the sections
widely spaced and with a shaft several
inches long. For purposes of compactness
this switch was taken apart and the shaft
and spacers cut down. If the constructor
follows this example, he will not find it a
difficult task but he must be sure that
all parts are reassembled following the
original alignment, etc. If one of the old
type Yaxley gang switches can be obtained
this operation will be unnecessary as this
older type was supplied with narrow
spaced sections. Or, if the constructor is
not particularly interested in compactness
the new Yaxley switch can be used with-
out attempting to cut down its size. SW1
of the model unit is one of the old type
Yaxley switches which happened to be on
hand. Either the new or the old type can
he used here.

The coil is home made. It consists of
135 turns, tapped at every 15th turn by
twisting a small loop in the winding. The
specifications are given in the list of parts.
The switch SW1 is connected so as to
short-circuit the unused portion of the coil.
Thus, when this switch is set on tap 1

there are only 15 turns in the tuned cir-
cuit, 30 turns at tap 2, etc. When set
on tap 9 the entire coil is in the circuit-
also when set on tap 10. Tap 10 is used

only when employing the wave trap circuit
(E).

The actual construction of the Trap -
Circuit Tenatuner is so simple that the
average reader will require no elaboration
here. For the inexperienced constructor
complete working blueprints are available
and may be obtained from RADIO News,
Blueprint Department, at 25c the set.
These blueprints make the construction so
simple that even the veriest novice will
have no difficulty in assembling and wir-
ing the parts.

The two sections of the gang condenser
are used in parallel. This is accomplished
by simply connecting the terminal lugs of
the two stators together. The binding post
which serves as terminal 4 is mounted
directly in one of the holes provided in
the rear of the condenser frames.

List of Parts
"Trutest" variable condenser, 2 gang. .000365
mfd. each section, with 4 inch shaft coupling
Yaxley single -deck 10 -point switch (SW 1)

Yaxley 3 -deck 6 -point switch (SW2)
Yaxley dial scale, Type 384 (for SW2)
Yaxley dial scale, Type 380 (for SW1)
Calibrated dial or calibrated scale and knob
( for variable condenser)

4 Binding posts
Bakelite tube 1g inch outside diameter, 3:4
inches long (for coil form)
Bakelite or wood panel, 5 inches by 7 inches
by 3/16 inch

1 Baseboard, 5 inches by 6 inches by g inch
1/16 pound No. 28 double silk covered wire
3 Right-angle mounting brackets, yi inch (for

mounting variable condenser)
Push back wire, spaghetti tubing, etc.

Radio News Blueprints
Complete sets of construction "blueprints" including full-scale picture
wiring diagrams, chassis specifications, drilling layouts, etc., are available

on the following radio apparatus described in this book:
"RADIO NEWS SHORT-WAVE CONVERTER"-described on pages 24 and 25-Price 50c.
"RADIO NEWS 2 -VOLT DX'ERS SUPER"-described on pages 34, 35 and 36-Price 50c.
"RADIO NEWS TRAP -CIRCUIT TENATUNER"-described on pages 39 and 40-Price 25c.
"RADIO NEWS DX CONVERTER"-described on pages 41 and 42-Price 50c.

RADIO NEWS
AND SHORT WAVE RADIO

461 Eighth Avenue Blueprint Dept. New York, N. Y.
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Broadcast -Band DX Converter
IF you are using a superheterodyne re-

ceiver this converter connected ahead of
it will result in a "double super" or
"triple detection" circuit-a type of circuit
which is finding increasing popularity
among the trans -oceanic commercial tele-
phone receiving stations in this country
and abroad. It will increase both sen-
sitivity and selectivity of your present
superheterodyne without introducing com-
plications of any kind. If, on the other
hand, you are using a tuned r.f. receiver
this new converter makes a superhetero-
dyne out of the combination, with in-
creased selectivity and an increase of ap-
proximately one hundred times in :en-
sitivity.

When used in connection with any type
of receiver, the receiver is tuned to the
low -frequency end of its range, 540 kc. or
thereabouts, and thereafter all stations are
tuned in on the single dial of the con-
verter. The converter circuit consists of
one r.f. stage, oscillator, and detector. Any
signal tuned in is converted to the low
frequency to which the regular receiver is
tuned. The result is that the signal input
to the receiver from the converter is vastly
greater than the signal produced by the
antenna. Furthermore, the addition of the
three tuned signal circuits of the con-
verter naturally provides a very decided
increase in selectivity.

After the final model of the converter
was completed it was tried out with ap-
proximately a dozen different receivers of
both the standard and home-made varieties
-receivers ranging all a
two -stage tuned r.f. job up to a 19 -tube
superheterodyne. In every case the con-
verter worked with extreme satisfaction and
without any objectionable characteristics.

Simple to Build
In working out the design of this new

converter, the thought was borne in mind.

Figure 74

constantly, that its construction would be
undertaken by many DX'ers of little ex-
perience in building radio equipment. To
further this end, RADIO NEWS has ar-
ranged with a radio mail order company
to make available a foundation kit which
includes all of the essential parts-a com-
pletely drilled chassis, special coils, gang
tuning condensers, trimmer condensers,
etc. By following the picture wiring dia-
gram provided in the special set of blue-
prints which include an enlarged photo
of the under -chassis wiring, a full-size
chassis layout, and a chassis drilling tem-
plate for those who prefer to make the
chassis themselves, even the novice can do
the wiring without difficulty. The blue-
prints may be obtained by sending 50c to
RADIO NEWS Blueprint Department, 461-
8th Avenue, New York City. Bottom and
top views are shown in Figure 74 and 76.

As indicated in the circuit diagram, Fig-
ure 75 the tubes employed are 6D6 r.f.

Figure 75

amplifier, a 76 oscillator, a 6A7 oscillator
coupling tube and detector, and a type 80
rectifier. The r.f. stage, detector and
oscillator are tuned by a 3 -gang condenser.
To insure absolutely accurate alignment at
all frequencies within the broadcast band,
the trimmer condensers in the r.f. and
detector circuits are brought out to the
front panel. This is an advantage be-
cause in receiving far -distant stations these
controls can be adjusted as necessary for
exact resonance. Small midget condensers
are used for this purpose. If mica trim-
mer condensers are found on the front
and middle sections of the gang condenser
they should be removed by taking out the
adjustment screws and breaking off the
flexible plates. The trimmer condenser on
the rear section of the main condenser
should be left intact, as this is employed
as the oscillator trimmer.

Matches Set Impedance
The output transformer is a special one

designed for this converter. Its primary
or plate coil is tuned. Two untuned
secondaries are provided, one low -imped-
ance and one high -impedance. When con-
necting the converter to a receiver, each of
these secondaries should be tried and
permanent connections made to the one
which produces the loudest signal. In
making this test it will be necessary to
retune the primary of this transformer, as
the shift is made from one secondary to
the other.

The switch SW2 is the antenna switch.
When thrown to one side it connects the
antenna to the converter input and connects
the converter output to the receiver.
Thrown to the other side, it connects the
antenna direct to the receiver for normal
operation.

Connecting to Set
The converter is connected to the re-

ceiver by means of either a twisted pair
or a single -conductor shielded lead with
the shield serving as the second lead
(ground). The use of a twisted pair is
recommended because of its lower capacity.
However, if the receiver or converter show
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Figure 76

any signs of instability it will be necessary
to substitute a shielded lead for the twisted
pair.

When the converter is completed it
should be connected to the receiver and
the receiver tuned to its lowest frequency.
If an ordinary antenna is employed, con-
nect it to one of the antenna posts and
connect the other to the ground post. The
"ground" may be connected to the ground
post on the converter or on the receiver.
If any type of 2 -wire antenna lead-in is
used, connect the leads to the 2 antenna
posts of the converter.

Tune the output transformer of the con-
verter to the point which produces maxi-
mum noise in the loudspeaker output. The
alignment of the oscillator and r.f. cir-
cuits can then be tackled, following the
usual routine in aligning superheterodyne
input circuits. If an oscillator is avail-
able so much the better, but if not the
job can be done readily using broadcast
station carriers.

When the alignment has been com-
pleted it will be found that the tuning

range of the converter covers from ap-
proximately 1600 k.c. to 540 k.c.

The last step is to try the other second-
ary of the output transformers, retuning
the primary of this transformer. Then
make the final connections to the coil
which produces best results.

In closing it should be pointed out that
the full benefit of the converter will not
be noticeable with a receiver having auto-
matic volume control unless the test is
made on a very weak signal. Where such
a receiver is used the extra gain provided
by the converter is offset by the action of
the a.v.c. on anything but very weak
signals. If the receiver is equipped with a
tuning meter the tremendous increase in
signal voltage provided by the converter
will be quite apparent on the meter. Dur-
ing tests of the converter in New York
many out-of-town stations kicked the tun-
ing meter up full scale, whereas without
the converter even the local stations would
not register full scale on the meter.

One final suggestion is that receivers be
operated at relatively low gain in cases

where there is a manual sensitivity con-
trol and assuming that the receiver itself
is capable of fairly high gain. This, in
effect, will mean that the i.f. amplifier is
working at low gain and will result in
the best possible signal to noise ratio.

List of Parts
The Foundation Kit

LI, L2, L3, L4-Set of special "Radio News
DX Converter" coils

CI-Tuning condenser, 3 -gang, each section -
405 mmfd.

C2, C3-Hammarlund midget condensers, 4 -
plate, 50 mmfd.

C4-Special compression type padding condenser
variable 800-1600 mmfd.

CS-Supplied (built-in) with coil L3
C12-Trimmer included in Cl
C13-Fixed mica condenser, .00065 mfd.
1 Cadmium -plated, drilled chassis with panel

welded in position; 4 tube sockets, 3 tube
shields, 2 binding -post strips. Chassis 12
inches long, 71/2 inches deep, 2 inches high.
Panel 13 inches long, 8 inches high.

Other Parts Required
C6, C7, C9, CIO, CII-Sprague tubular by-pass

condensers, I mfd., 600 volts peak
C8-Sprague tubular by-pass condenser, .5 mid.,

600 volts peak
C14-Solar Mica condenser, pigtail type, .0001

mfd.
05-Mallory 2 -section (8-8 mfd.) electrolytic

condenser with grounded can, inverted type,
450 volts

C16-Sprague 2 -section by-pass condenser in
shield can, .1-.1 mfd., 400 volts

type T-4402 filter choke
3/2RI, R3-IRC pigtail resistors, 250 ohms, watt

R2, R6-IRC pigtail resistors, 50,000 ohms, Ya

R4-IRC pigtail resistor, 5000 ohms, Ya watt
RS-IRC pigtail resistor, 30,000 ohms, /3 watt
R7-IRC pigtail resistor, 10,000 ohms, 1 watt
R8-IRC pigtail resistor, 10.000 ohms, Y, watt
R9-Electrad wire -wound resistor, 2000 ohms,

10 watts
RIO-Electrad 15000 ohm potentiometer, type

201, with switch
SW I-See RIO
SW2-Toggleswitch, d.p.d.t.
T-1Ihordarson power transformer, type T-5472

with secondary windings of 575 volts (c.t.),
volts and 6.3 volts (c.t.)

1 National "Velvet Vernier" dial, type B, with
variable ratio, 100-0-100 scale and pilot light
bracket

2 grid caps
1 line cord and plug
Shielded wire (about 5 feet)
Tubes, one 6D6, one 6A7, one 76, one 80

Free Information Service

If you require any further information regarding parts, wiring
or operating data on the radio apparatus described in this
book, mail us a postcard with your questions. The information
will be furnished promptly - absolutely free of charge.

RADIO NEWS
AND SHORT WAVE RADIO

461 Eighth Avenue New York, N. Y.
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SERVICING AND SOUND EQUIPMENT

Using The Cathode -Ray Oscillograph

THE cathode-ray tube is an electron gun
which projects a stream of electrons

along the length of the tube. At the end
of the tube, a screen is provided. This
is coated with salts wh:ch glow when
bombarded by the electron stream. Prop-
erly focused by controls provided in the
energizing circuits, the electron stream is
seen on the screen as a small green spot.

The electron stream on its way to the
screen passes between two sets of plates,
one of which is mounted in a horizontal
plane, and the other in a vertical plane.
Considering any one pair of plates, it is
apparent that polarizing one plate neg-
atively and the other positively will cause
the electron stream to be attracted or bent
towards the positive plate. This bending
motion will be proportional to the voltage
applied.

Thus it is seen that the beam acts as
the pointer on a voltmeter, although it
actually has two properties that make it
superior for many meastrements to this
simple analogy, namely: the electron
stream has no inertia and so is able to
follow the most instantaneous voltage
variation applied to the plates; and it can-
not break off or be damaged by too -high
potentials.

It is customary to call the pair of plates
which lie in the horizontal plane, the
"vertical" deflecting plates, since they are
effective in deflecting the beam in the ver-
tical direction. Likewise the other set of
plates are called the "horizontal" plates.
This terminology will be used throughout
the discussion.

Figure 77 shows a self-contained a.c.
operated oscillograph with the tube
mounted in the top section and the power
supply and 60 -cycle sweep supply in the
lower section.

In most commercial tubes, such as the
type 906, one vertical and one horizontal

Figure 77

plate are connected together and grounded
within the instrument case. In order that
the polarity of the deflections shall cor-
respond to that ordinarily used in electrical
terminology, the tube is held in its mount
as shown in Patterns 1 and 2, Figure 78,
with the "free" plates at the right and
upper side when viewed from the front
of the tube.

In this way positive voltages applied
to the free horizontal plate will deflect

Figure 78

the beam to the right and positive volt-
ages applied to the free vertical plate will
deflect the beam upwards. It is impor-
tant to keep this fact in mind when dealing
with measurements in which polarity is

an important consideration.
If an a.c. potential is applied to the

"vertical" plates as shown in Pattern 1,

the spot is deflected up and down, giving
a straight line trace as indicated in the
figure. Likewise a horizontal straight line
trace will result if the voltage is applied
to the horizontal plates as shown in Pat-
tern 2. By scaling the distances "a" and
"b," or "c" and "d," the peak voltages
of the wave causing the deflection will be
obtained. In the event that a quantitative
measure of the peak voltage is needed, a
scale may be provided on the face of the
tube and calibrated by the application of
known voltages from batteries or by a

sinusoidal a.c. wave making calibrations of
the scale at various distances from the
center of the "zero" spot of the tube.

It should be noted in Patterns 1 and 2
that the deflecting plates have been drawn
outside the tube for illustration purposes,
but are actually enclosed within the bulb
to secure the highest possible deflection
sensitivity.

In some circuits there is not enough
voltage available to deflect the spot across
the screen, although such circuits may
carry currents of considerable magnitude.
Magnetic deflection of the beam may be
used in these cases. This is illustrated in
Patterns 3 and 4, Figure 78. By the ap-
plication of an external coil, the tube has
been caused to act as an ammeter, the
electron beam being deflected by the mag-
netic field set up by current in the coils.

This deflection can be calibrated against
a scale in the same manner as a voltage,
by applying measured values of direct cur-
rent through the coils and noting the re -

VERTICAL DEFLECTING PLATE

BASIC DEFLECTION CIRCUITS
AS CATHODE-RAY VOLTMETER AS CATHODE-RAY AMMETER

ALTERNATING
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suiting deflection. The amount of deflec-
tion indicates the peak current value.
Reference to Patterns 3 and 4 shows that
the deflection of the beam is at right angles
to the common axis of the coils.

In some measurements it is of value to
read current along one axis of the screen
and voltage along the other. This can be
done by applying a set of coils to cause
deflection in the desired direction and
using one set of plates to cause a de-
flection at right angles. The unused de-
flecting plates should be shorted and
grounded.

Basic Patterns
The most useful applications of cathode-

ray equipment come from its ability to show
not only the peak value of a wave but
also its value at all points of the cycle.
In addition, other data such as phase and
frequency relationship can be observed by
applying the tube to the circuit under test
in the correct manner.

Thus if separate generators or sources
of a. c. voltage are attached to each set
of plates and they are of the same fre-
quency and in phase, a straight line trace,
tilted at some angle will result as in Pat-
tern 8 (Figure 79). If the voltages are
of the same value, the tilt of the line will
be 45 degrees. Should the generators be
out of phase, then figures will be pro-
duced such as shown in Patterns 9 to 12.
Below each is marked the difference in
phase between the generators producing
the pattern.

A slight difference in frequency be-
tween the generators will cause the fig-
ures produced on the screen to wax and
wane through the complete range of fig-
ures illustrated in Patterns 8 to 12, and
the difference in frequency causes the in-
stantaneous phase relationship to shift.
Thus the appearance of the pattern will
be that of a hoop rolling over and over,
and the rate of the rolling will be that
of the difference between the frequencies
of the two generators.

This is the simplest application of the
principles of Lissajou's Figures. Such
figures are extensixely used for comparison
of an unknown frequency with a known
one for frequency calibration. These pat-
terns take the form of "figure eights" or
more complex forms. They are illustrated
in most elementary physics texts.

Figure 79

Suppose that instead of an ordinary
source of a. c. voltage, a special voltage
generator such as the Clough-Brengle
Model UFS-A Linear Sweep is connected
to the "horizontal" plates of the cathode-
ray tube. This unit is an oscillating cir-
cuit in which the charge and discharge of
a condenser is governed by a gas filled
triode tube. Its output voltage wave is
graphed in Pattern 45, and is sometimes
called a sawtooth wave.

If this wave is applied to the hori-
zontal deflecting plates of the cathode-ray
tube as in Pattern 5, a trace represented
by the dotted line of this illustration, will
result. This is not the same trace as in
Pattern 2, due to the difference in the
wave producing it. What actually happens
is that the spot starts at the left of the
screen and moves across to the extreme
right and then snaps back to the starting
point in such a short time that the ma-
terial of the screen does not glow on the
return. This operation repeats contin-
uously as shown in the graph of voltage,
Pattern 45.

Suppose an a. c. sine -wave generator is
connected to the "vertical" plates of the
cathode-ray tube as in Pattern 5. (This
may be the ordinary 60 cycle a. c. power
line if it is free from harmonics.) If the
linear sweep is now adjusted so that it
pulses every 60th of a second, the sin-
usoidal variation of the potential from the
a. c. generator will be plotted across the
screen of the tube as indicated by the solid
line curve in Pattern 5. In order for such
a pattern to be stationary and readily ob-
servable the rate of the sweep circuit must
be in absolute synchronism with the fre-
quency of the voltage being observed. This
is accomplished in practice by using a little
current from the generator or other source
being investigated, to control the timing
of the voltage pulses from the linear sweep.
When the oscillating circuit of the linear
sweep is adjusted to approximate syn-
chronism with the observed wave, the con-
trol circuit holds the pulsing of the linear
sweep in constant ratio to the observed
wave, resulting in a steady pattern on the
screen, despite drifting of the observed po-
tential's frequency.

If instead of setting the linear sweep
to a 60 cycle rate, it is set to a 30 cycle
rate, then two cycles of the 60 cycle cur -

Figure 80

rent applied to the "vertical" plates would
occur while the spot is driven horizontally
across the screen by the linear sweep po-
tential. Thus the steady pattern will be
that of two cycles of the observed voltage
rather than a single one. Such a figure
is shown in Pattern 6. It is the same wave
sine shape as in Pattern 5, but the pat-
tern is compressed horizontally to accom-
modate the two waves. In the same way,
the sweep frequency may be set to other
submultiples of the observed frequency to
show more cycles of the same voltage
phenomena.

A frequent error in the adjustment of a
linear sweep is to set the sweep frequency
at a rate greater than the frequency of the
observed voltage. In this case the spot
traverses horizontally before the observed
cycle has completed, with the result that a
multiple trace is seen. Pattern 7 illustrates
the trace caused by sweeping at 180
cycles while attempting to observe a 60
cycle voltage.

Therefore it must be borne in mind that
the number of cycles which will be viewed
on the screen depends upon the ratio of
the observed frequency to the sweep rate.
This ratio must be an even multiple, and
greater than one. Multiple traces occur
while securing adjustment, but they are
not useable.

In some measurements, a sinusoidal volt-
age is applied to the horizontal plates as
was done in the construction of Patterns
8 to 12 and as will be done in some of
the subsequent patterns. When this is
done the sweep voltage is referred to as
a harmonic or sinusoidal sweep.

It should be noted that in many measure-
ments the use of the harmonic or linear
sweep yield the same information if the
pattern can be properly interpreted. In
many cases, however, the linear sweep
yields patterns which are more easily in-
terpreted, though in other types of measure-
ments there is little choice in the selection
of the proper type of sweep voltage.

An important application of this equip-
ment is in observation of the performance
of public address amplifiers and speech
amplifiers for use with radiophone trans-
mitters.

In examining performances of the ampli-
fier, it will be convenient to use for input
potential to the amplifier, a variable fre-
quency audio oscillator, although, much
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Figure 81

may be learned by the use of 60 -cycle line
voltage to drive the amplifier. A simple
potentiometer will serve to reduce the volt-
age of the source to the proper level for
the amplifier. The cathode-ray tube is
connected to the high end of the poten-
tiometer thereby securing sufficient voltage
for good horizontal deflection when the
linear sweep is not used.

When the harmonic sweep is used, hav-
ing the same frequency as the signal, the
undistorted condition for the amplifier will
be one of those shown in Patterns 8 to 12
incl. If the input and the output of the
amplifier are exactly in phase, the straight
line of Pattern 8 will result. Varying de-
grees of phase relationship will produce
the succeeding patterns.

It will be recalled that in a perfect
amplifier, the phase of the signal voltage
reverses or alters by 180 degrees with
each stage of amplification. In the average
amplifier this condition is altered by the
presence of coupling transformers or con-
denser reactances, so that this condition
does not actually exist. Were this not the
case. Patterns 8 or 12 would indicate the
undistorted condition dependent upon the
number of stages embodied in the ampli-
fier. Phase relationships in an amplifier
for public address or speech amplification
in a transmitter, are not the most im-
portant consideration.

The important thing is to be able to
recognize the Patterns 8 to 12 inclusive,
as being one and the same thing as far as
wave distortion is concerned, but having
different phase displacements as a second-
ary consideration.

Analyzing Distortion
and Hum

Connecting the output of the amplifier
to the vertical deflecting plates and em-
ploying a linear sweep circuit as shown
in Figure 81, adjust the sweep frequency
to one-half the frequency of the signal
passing through the amplifier, then turn
the potentiometer up until the pattern
takes on one of the forms shown in Pat-
terns 13 to 15 (Figure 80). These are
the distorted forms of the pure sine waves
shown in Pattern 6 (Figure 79).

Three common cases of distortion are
illustrated by these patterns. Pattern 13
shows flattened crossings at the zero of
the wave and is commonly formed with
an amplifier of the Class B or AB type
in which the bias shifts to a value too
high when driven to full output. With
this abnormally high bias, the zero of the
wave is passed by the signal voltage be-
low the plate -current cut-off, or so low
that the slope of the plate -current voltage
is less than normal. This results in the
plate current not rising in proportion to
the change in grid voltage over a small
interval.

Pattern 14 shows an amplifier in which
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Figure 82

a single -ended tube is incorrectly biased,
or is too small to carry the signal voltage
at full output. Note that the wave is sin-
usoidal on the lower side and cut off
on the upper side. With such a pattern
it sometimes is helpful to remove the up-
per plate of the oscilloscope from the out-
put stage and connect back to the pre-
ceding plate circuit in order to locate the
offending stage.

Pattern 15 shows a flattening on both
positive and negative peaks. This may be
caused by one of several circuit defects,
but is most likely in a push-pull stage.
This pattern, in comparison with Pattern
14, illustrates an important rule to bear
in mind: In general, distortion exhibited
on one side of the wave indicates circuit
difficulties in connection with a single -
ended amplifier stage, while distortion
which is symmetrical on both sides in-
dicates circuit difficulties in a push-pull
stage.

Thus Pattern 15 might be caused by a
push-pull stage improperly biased so that
grid current was drawn by one tube on
each half cycle, or it might be due to a
Class B stage operated from a power sup-
ply of such poor regulation that adequate
voltage is not supplied for the peaks of
the cycle. It could also be due to in-
correct driver transformer ratio. The im-
portant point is that the difficulty is in-
dicated and the results of each circuit
change can be observed on the screen of
the cathode-ray tube.

It is a little more difficult to recog-
nize the various forms of distortion when
the linear sweep is dispensed with and
the harmonic sweep is used. With a little
careful analysis, however, all forms of dis-
tortion can be detected. By way of illus-
tration, the distortion Pattern 15 has been
redrawn in Patterns 16 to 20 to show how
this distortion appears for various phase
relationships between the input and out-
put voltages of the amplifier.

By comparing these patterns with pre-
vious ones, the effect of distortion on the
pattern as observed with the harmonic
sweep will be made clear. In some
similar manner, the types of distortion in
Patterns 13 and 14 will reshape the true
straight line, ellipse or circle which should
show on the screen if there is no dis-
tortion in the amplifier.

Hum can be observed with the linear
sweep circuit. It is convenient to con-
nect the control circuit of the sweep to
the power line in order to maintain a
constant pattern. The input to the ampli-
fier is now reduced to zero. Due to the
many circuit elements in an amplifier
which contribute to the hum, particularly
in high -gain types, the hum output is
seldom a simple sine wave, but is usually
more complex. Pattern 21 (Figure 82)
illustrates such a hum with the sweep

rate set at 60 cycles. Note that at this
sweep rate, the trace crosses the zero axis
four times, indicating that the principal
component of hum is 120 cycles. This
is evidence that the hum is probably set
up in a poorly filtered full -wave rectifier
circuit or is caused by induction from a

power choke to an input transformer. 60 -

cycle hum would be traceable to a poorly
filtered half -wave rectifying circuit or to
induction from a power transformer to the
input circuits.

The same type of hum pictured in Pat-
tern 21 with the linear sweep would ap-
pear as Pattern 23 if the harmonic 60 -
cycle sweep were used. Here the "figure
8" characteristic indicates that the basic
hum frequency is 120 cycles. A distorted
closed single loop would indicate a strong
60 -cycle component of hum.

Measurements across the filter condensers
of a power pack can frequently give de-
sirable information when made in this same
way. For this, a condenser of proper
voltage rating and about mfd. is con-
nected in series with the vertical deflect-
ing plates to eliminate the d.c. component
across the condenser.

The peak magnitude of the voltage across
the condenser can then be noted, and as-
surance obtained that the peak voltage does
not bring the operation above the safe
rating of the filter condenser.

A peculiar and often puzzling character-
istic of push-pull stages can be pictured
with cathode-ray equipment. Often, a
push-pull amplifier which shows very little
hum without signal will produce consid-
erable hum when excited. If this excita-
tion is music or speech, the existence of
hum is too variable to be identified as
such, but may in many instances be suf-
ficiently high to cause "hash" in the re-
production.

This signal or modulation type hum
can be investigated with a harmonic or a
linear sweep circuit, but in either case an
oscillator of some frequency other than
60 cycles must be used for the driver sig-
nal. It should preferably be in the neigh-
borhood of 1000 cycles.

The control circuit of the linear sweep
must be connected to the power line and
the sweep rate adjusted to either 60 or 30
times per second. If unbalance or signal
hum is present, a trace such as Pattern 22
will result.

The solidity of the pattern is due to the
"filling -in" effect of the high signal fre-
quency employed, while the depth of the
"hum envelope" indicates the degree of
unbalance hum which is present. Hum of
this character is invariably found in ampli-
fier designs where it is necessary to car -
fully select push-pull tubes by pairs in
order to reduce the hum under the no -sig-
nal condition. Pattern 24 will result if sig-
nal hum is present.
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Figure 83

THIS article describes a condenser micro-
phone amplifier designed for a.c. opera-

tion, and the power supply unit for use
with it.

In Figure 83 is shown the amplifier
circuit diagram, it is of conventional de-
sign for a.c. operation, with the excep-
tion of the grid battery. A fresh battery
of reputable manufacture should last the
better part of a year. Care must be taken
to avoid leakage and resultant noise. The
best way to accomplish through
the use of high quality standard parts,
complete shielding and careful construction.

The microphone power supply, Figure
84, should be a separate unit. It is un-
usual only in the respect that it uses an
ample filter. The power transformer should
supply in the vicinity of 220 volts at ap-
proximately 20 ma. Voltages within 25%
plus or minus of this figure do not seem
to effect operation to any degree. The
greatest limiting factor is the inability of
some condenser microphones to withstand
a potential of more than 250 volts d.c.
Two 30 henry chokes, followed by a good
audio transformer primary as the final
choke, together with a total of 32 mfds.
(450 volts) of electrolytic condenser, com-
prise the filter. A 5 -watt resistor, of
about 15,000 ohms, connected as shown,
will often improve stability.

As shown in the photographs (Figures
85 and 86), the amplifier has been made
quite compact and is assembled on a metal
base and framework which is slipped into
a small metal case on the cover of which is
mounted the condenser head. The power
supply unit is assembled in an ordinary
switch box, such as is commonly employed
for housing the switches and fuses in
electric light installations. These two metal
cases provide the complete shielding which

important in condenser micro-
phone equipment.

The two units are connected together
by means of an unshielded battery cable
about 35 feet long. Anyone following this
design may, of course, use longer or shorter
cable as circumstances may require. It is
well to bear in mind that the leads carry-
ing the filament current should be not
smaller than No. 18 wire and where the
cable length exceeds 25 feet, should be
preferably No. 16, or better still No. 14
wire. To facilitate quick connections, it
is desirable to equip this cord with a 5 -

prong plug and to mount a corresponding
5 -prong socket on the case of the power
supply unit. Some may prefer, however,
to equip the cord with plugs at both ends
and mount a corresponding socket on each
unit.

The electrical output of this pre -

Figure 84

Figure 85

amplifier unit is sufficiently high to elim-
inate the need for an output tube to
line transformer on cable runs up to 200
feet providing ordinary shielded antenna
wire or its equivalent is used. This equip-
ment is designed to operate nicely, with
a single stage power amplifier consisting
of two type -47 tubes in push-pull.

Referring to the photographs (Figures
85 and 86), a good idea of the assembly
details will be obtained. The two tube
pre -amplifier is shown removed from its
case. The upright frame provides conven-
ient means for mounting the 7V2 volt C
battery. In another view the complete
equipment is shown with the covers re-
moved. In this view parts for the power
supply are, from left to right, at the top,
a double filter choke and the audio trans-
former employed as the third choke. At
the right are the 'phone jack (for the
output cable) and the power cable socket.
Along the bottom of the box, at the ex-
treme left, is the voltage divider, to the
right of which appears the power trans-
former, the type -80 rectifier tube and the
four section, 32 mfd. electrolytic filter con-
denser. Although an output transformer
(tube to line type) is not necessary under
ordinary conditions, the designer has in-
cluded one in the pre -amplifier shown in
the photographs, for use where the output
cable is excessively long. This transformer
is mounted directly behind the type -56
tube and may be seen in the photograph
(Figure 85) of the pre -amplifier assembly.

Figure 86
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All -Purpose P. A. System
THIS six -tube public-address system is a

direct invitation to servicemen and
dealers to make extra dollars by adapting
it either, as a profitable side -line for rental
or for permanent installation in numerous
sound -distributing applications. The circuit
diagram is shown in Figure 88.

Featuring high -quality and high -gain
(approximately 120 db. at 1000 cycles)
this new 8 -watt amplifier is equipped with
mixing and fading facilities, a tone control
that can be used to reduce acoustical feed-
back and to compensate for poor room
acoustics and universal input and output
provisions, not usually provided in a small
amplifier of this type. The input circuit
of the amplifier is arranged for either car-
bon, crystal or velocity type microphones
and there are provisions for radio and
phonograph connections. The use of a
carbon microphone simply requires a match-
ing transformer and a small battery con-
nected in the conventional manner to sup-
ply the exciting voltage for the micro-
phone. The transformers, filter units and
the tubes are fully shielded. The level
of hum is extremely low. The overall di-
mensions are 6,4 inches by f4.4 inches by
15 inches and the weight is 12% pounds.

The amplifier is designed to deliver 8
watts of undistorted power output to the
speaker voice coils, sufficient power to op-
erate two large auditorium type dynamic
speakers, or 7 small size dynamics or 20
magnetic type reproducers.

In a brief summary of the design and
operation of the unit we first point out
that it works directly from 105-125 volts,
50-60 cycles, a.c. line. There are four
stages in all, employing five tubes. The
first stage incorporates a type 57 which is
resistance -coupled to a type 53 connected
as a triode. This tube is in turn resistance -
coupled to a 56 tube which is transformer -
coupled to a pair of 2A5's in push-pull.
The new 83V tube is used for rectification.
The power consumption is about 75 watts.

The controls and connections on the
front of the chassis (Figure 87) reading
from left to right, are, first, the dual tip
jack for phono-radio connections, the micro-
phone socket, microphone volume control,

phonograph -radio control, combined "on- "ruby" pilot which indicates when the a.c.
off" switch and tone control, a socket for power is on. The 5 -prong speaker socket
the additional speaker and a jewel -type is mounted on the rear of the chassis.

Figure 88
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A 12 -Tube Portable Amplifier

4-3'
POWER amplifier that has proven
popular among broadcast engineers and

servicemen for free-lance work is shown
in Figure 90. In designing this 20 -watt
portable amplifier it was decided that since
all "portables" are heavy at best, there
was no sense in skimping on important
parts and a portable that is the equal of
a fixed outfit was the goal set.

The outfit consists of two identical
carrying cases, one containing the am-
plifier proper and its associated control
equipment and the other two 12 -inch dy-
namic speakers. The speakers draw their
field current from the amplifier and are
connected to it through 500 -ohm lines and
suitable matching transformers. The con-
necting cables are 50 feet long.

The amplifier itself uses push-pull par-
allel 2A3's, with full output of 20 watts

Figure 89
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Figure 90

into a 500 -ohm line. The tube line-up
starts with a 57, connected as a triode,
which works into another triode -connected
57, arranged as a phase inverter, to give
push-pull action without transformers. This
feeds into two 53's in push-pull parallel,
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Figure 91

which in turn drive four 2A3's in push-
pull parallel (see Figure 89). With a
harmonic content of only 4%, at maxi-
mum rated output, and a frequency re-
sponse as indicated by the curve of Figure
91, this amplifier easily falls in the "wide
range" class.

Obtaining field current for the speakers
without affecting the power supply regula-
tion was solved in the manner shown in
Figure 89. As the amplifier is of the
Class "A" type, the operating plate cur-
rent remains constant, and the plate sup-
ply regulation is therefore not dependent
on the use of low -resistance elements. The
amplifier tubes receive their plate current
from a separate filter system, not directly
dependent on the speaker fields, as in or-
dinary circuits. Another innovation in the

power system is provision for stabilized
bias voltage for the 2A3's. This con-
tributes noticeably to the. general stability
of the amplifier and to the low harmonic
content.

Preceding the amplifier proper is the
Electronic Mixer, which permits the use
of any input device, regardless of its im-
pedance, as long as it delivers a minimum
of .05 volt. This mixer has a slight gain,
rather than a loss, the overall gain of the
mixer and amplifier combination being 96
db. With this gain, crystal type micro-
phones and phonograph pick-ups can be
used directly. The mixer will handle three
independent input signals, there being
three individual channel controls and one
master control. It has no frequency dis-
crimination worth considering, the response
being flat from 20 to 10,000 cycles, with-
in 2 db.

The carrying cases are 19V2 by 18%2
by 131/2 inches overall, the whole outfit
weighing 112 lbs. The speaker cases are
split diagonally, each half serving as an
effective baffle. When not in use, the
speaker openings in front are protected by
waterproof covers.

Sound -Head Servicing
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THE burden of servicing talking motion -
picture projecting equipment often de-

volves upon the radio serviceman-partic-
ularly in rural and surburban areas.

Servicing of sound projector equipment
can be divided into two classes-that of
the amplifier and associated apparatus, and
service of the sound -head. The former
does not differ materially from service
work on public-address systems and so
will not be considered at this time.

The major problem in servicing the
sound -head is the delicate matter of ad-
justment. There are four different kinds
of adjustment, each one of which is essen-
tial to clear, undistorted reproduction and
these apply equally to the variable -width
and variable -density recordings. These ad-

justments affect the position of the exciter
lamp in respect to the optical system, the
focus of the optical system, the centering
of the aperture in reference to the sound-
track, and the rotational adjustment. The
exciter lamp is so mounted as to admit the
necessary movements for correct alignment.
This is checked by removing the photo-
electric cell and placing a piece of white
cardboard in its place-about as far away
from the sound -gate or aperture plate (the
plate with the slit in it against which the
film is in contact during projection) as
the elements of the photocell. The exact
distance is not important. An image will
be seen in accordance with Figure 92,
which is self-explanatory. The indicated
adjustments should be made on the lamp
until the spot of light appears as in Fig-
ure 92-D.

The optical adjustment is effected by
threading through a few feet of frequency
film-from 5000 to 10,000 cycles (the
higher the frequency, the better and more
difficult the adjustment). This film can
he seen in Figure 93. Run through suf-
ficient film to make sure it is in proper
alignment. The image on the card will
now correspond to one of the illustrations
in Figure 94-probably C or D. The lens
tube should be worked back and forth as
the film is moved slowly-turning the ma-
chine by hand-until the spot of light
fades in and out, showing no horizontal
lines. (By referring to a "black spot" in
Figure 94-A, we are, of course, not to be
taken literally. There will not appear a
"black" spot on the white cardboard-
merely no light at all.)

If the spot of light becomes weaker as
the film passes, but will not disappear
completely (still no horizontal lines), it is
due to the slit of light not being centered
in the sound track-overlapping on one
side or the other. In projection, if the
light slit touches the sprocket holes, a 200 -

cycle "ripple" will be heard. If, on the
other hand, it touches the frames (the in-
dividual pictures), the result will he a low -

frequency "flutter." In some sound -heads
the slit can be adjusted by moving the
aperture plate horizontally, thus centering
the slit in the sound -track. In other sys-
tems, the rollers, guiding the film, are
shifted laterally, to center the sound -track
over the aperture. The aperture slit should,
of course, be at right angles to the length
of the film (parallel with the lines on the
frequency film). It is also desirable to
check the rotational adjustment while fo-
cusing the optical system. The slit within
the lens tube (which cannot be seen)
must parallel the slit in the aperture plate.
If the lens barrel is rotated slightly, so
that the slit within the lens tube does not
parallel that in the sound aperture, the pat-
tern of the lines on the cardboard (the
optical system being slightly out of focus,
so that these lines exist) will be distorted

Figure 93
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as shown in Figure 94-E. The lens tube
should be turned until the lines are of
constant width and horizontal, and the
focal adjustment then corrected as out-
lined above.

If the sound -head is badly out of ad-
justment, it may be necessary to check and
recheck these settings several times. Dirt,
oil and wax will collect in the aperture slit
and on the front lens of the lens tube,
making cleaning and inspection desirable
every week or more often in cases of un-
satisfactory reproduction. As soon as ex-
citer lamps turn black on the inside, they
should be replaced, as this is a warning
that their usefulness will shortly be termi-
nated, if left in the sockets, with an em-
barsarsing return to silent pictures! Care
should be observed to burn them at the
rated voltage only. Excessive current will
shorten their usefulness all out of propor-
tion to the overload.

The "volume" output of both sound -
heads should be equalized. This is usually
effected by varying the polarizing voltages
on the respective photocells. Adjustment
should be made with two reels of the same
picture in both projectors, as recordings
differ in output levels. Change over the
sound from one projector to the other,
making the necessary adjustments until the
volume from both projectors is the same.

Photoelectric cells should be replaced
once a year. After about three months of
service the effective response has usually
dropped to around 25 percent of the origi-
nal sensitivity. If used cells are stored in
the dark, they can be employed in emer-
gencies, as, when so kept, they have a ten-
dency to recuperate.

Service calls on sound projectors are
usually a matter of unsatisfactory opera-
tion, complete failure, or routine. Minor
faults can usually be traced to weak P.E.
tubes, poor optical alignment, dirty lens
and aperture, or battery trouble in the
case of a system depending on this source
of power. A pipe -cleaner, dipped in Car -
bona or commercial carbon tetrachloride,
will do a satisfactory cleaning job between
the exciter lamp and the photocell. Dirt
in the gap of the dynamic speakers may
cause low volume and distortion. In in
stances of total failure, the first check is
to note whether the exciter lamp is burn-
ing and if the light is reaching the film.
Again dirt or a burned -out lamp may be
at fault. Upon eliminating the optical
system as the source of trouble, the ampli-
fier is the next suspect. If the monitor
speaker operates, but the stage speakers
are dead, the voice coils and field supplies
are obviously in line for examination. If
a phono pick-up is used for incidental
music, it should be employed in an effort
to establish the probable limits of the dif-
ficulty. Change P.E. cells-and test bat-
teries if used. Different sound systems
have different change -over devices, which
should be checked carefully.

Most emergency service work can be
avoided by periodical, routine and thorough
examination about once every thirty-two
shows. The entire system, from exciter
lamp to speakers, should be checked and
tested. Tube prongs and all switching de-
vices, faders, etc., should be cleaned. The
photocell socket, as well as the prongs,
must be scrupulously clean. Batteries, es-
pecially on the photocell, should be re-
placed when a 45 -volt unit drops to 35
volts.

Profits
In Extension Speakers

SERVICEMEN and dealers can obtain
additional income by installing exten-

sion speakers and the following article will
show them some potential applications.

An extension speaker takes up but little
of the precious space available in the lug-
gage compartments of an automobile and
may be arranged to plug in a jack which
the serviceman can install on the instru-
ment board of the car and wire in to the
terminals of the standard auto -radio
speaker, thus providing service in tents or
cabins when the vacation budget does not
permit the outlay for a complete addi-
tional set. When there is no local supply
of electricity, as is so often the case in

vacation -land, this feature provides the
simplest and most economical method of
enjoying radio. Likewise, an easy installa-
tion job for the serviceman and a profit-
able speaker sale.

NEIGHBORHOOD MOVIE THEATERS
are excellent prospects for extension speak-
ers. One or more dynamic speakers in-
stalled over the ticket office have proved
of value in attracting patrons during slack
periods. During a performance, the sound
recording may be conducted from the
theater speaker circuit to the extension
speakers, invariably arousing the interest of
passersby.

Fig. 95

Fig. 96
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SERVICING SOUND -MOVIE EQUIP-
MENT is profitable business and is often
less difficult than many of the receiver -
servicing problems which servicemen handle
without trouble. Theater owners, however,
may hesitate to entrust their source of
income to any but a sound specialist un-
less confidence is first established by doing
an easy job right. The installation of
extension speakers presents no serious
technical difficulties and therefore provides
servicemen not only with a means of
making a good profit but also of smooth-
ing the way for further remunerative work.
Figure 95 shows how this type of instal-
lation may readily be accomplished. There
is usually a monitor speaker in the pro-
jection booth, which, in smaller theaters,
is generally close to the front of the
theater and the ticket office. The out-
put of the sound amplifier is fed to the
house and monitor speakers, a gain con-
trol consisting of a rheostat in series with
the voice coil of the monitor speaker
serving to maintain a low sound level in
the projection booth. Leads from the
voice -coil terminals of the extension speaker
are simply connected in parallel with the
leads from the output of the amplifier
to the monitor speaker panel, as shown in
Figure 95. This point of connection is
shown because it is usually the most ac-
cessible and does not require removing
screws or disturbing the apparatus in any
way if a preliminary demonstration is in-
sisted upon, which is usually the case. The
extension speaker should have its own
field supply and an 8 to 15 ohm voice
coil.

Since the voice coil leads do not carry
high voltage, it is unnecessary to have the
wiring done by a licensed electrician. The

power for the field supply may be ob-
tained by plugging in to an outlet in
the ticket office. If this power line is
not exposed to rain etc., and not perma-
nently anchored by staples or otherwise,
no violation will result in most localities,
although it will be well to get a ruling
on the requirements from the local in-
spector.

If it is desired to operate the exten-
sion speaker at a higher sound level than
those in the theater, a T pad may be in-
serted in the theater speaker line and the
extension speaker cut in ahead of the
T pad. A variable series resistance in
the voice -coil circuit of the extension
speaker, controllable from the ticket office,
enables adjustment of the sound level. The
foregoing are somewhat out of the ordi-
nary applications of the extension speaker.

EXTENSION SPEAKERS IN THE
HOME is an item often overlooked by
servicemen, since we sometimes forget
that the layman considers adapting a radio
to operate two speakers to be a difficult
and expensive task and therefore hesitates
to make inquiry regarding same when
they real!) need and can afford them! In
hot weather, in suburban communities, one
can enjoy an interesting program in com-
fort when an extension speaker is put
out on the porch, but not in a stuffy
room where the set is usually located. In
winter, the same speaker may be pressed
into service to avoid missing a good pro-
gram during a dinner hour. (For the sick
room, though the midget receiver is more
desirable from the standpoint of con-
venience, discriminating listeners will ap-
preciate the greater fidelity obtainable with
a good extension speaker on a good set.)

For home installations, we may choose
either permanent magnet dynamics, electro-
dynamics, or magnetic speakers. The simpl-
est and most economical method of adding
another dynamic speaker to that in the
set is shown in Figure 96. This method
of paralleling the voice coils provides a
low impedance line which not only car-
ries very low voltage but also does not
noticeably affect the fidelity of reproduc-
tion, which is not the case with the usual
form of connection if the extension speaker
is located at a point remote from the re-
ceiver. This method is used only when
the set speaker voice -coil and that of the
extension speaker are from 8-15 ohms.
Methods of controlling volume at the ex-
tension speaker are indicated in the dia-
gram, Figure 96. Ordinary potentiometers
or rheostats of the values given will be
satisfactory. The permanent magnet dy-
namic type of speaker has the great ad-
vantage that there is no field supply cur-
rent which one may forget to turn off,
unless extra switches, relays and wiring
are provided. The electro-dynamic type
provides the best power sensitivity and the
magnetic type the lowest cost.

WHEN ESTIMATING FOR TRADE-
INS, it is well to bring up the sug-
gestion to the customer of employing the
speaker in his old set as an extension
speaker, thus relieving one of the burden
of resale of obsolete merchandise and at
the same time benefiting the customer.
The life of a good dynamic speaker is
usually far greater than other component
parts under electrical stress and when
trade-ins are unavoidable, they may be
salvaged and re -sold to the benefit of all
concerned.

Service Sales Tips
IT may be said with very little fear of

contradiction that the opportunities for
money -making in the radio industry today
are just about double what they were four
or five years ago. This may sound very
much like an overstatement to the more
cynical members of the profession. It is
nevertheless a fact that will bear the closest
examination.

Many radio men have suffered unduly
from the depression merely because they
do not look for business-in the right
places! They are too bound to the old
channels of trade, repairing, selling new
sets, with occasional business in tube re-
placements. This is admittedly pretty dull
stuff these days, and if a fellow can make
a living at it he must hump and hump fast.

Much has been written about the pos-
sibilities of the P. A. field and some nice
business has been had from this source by
the more alert and business -like members
of the clan. They have, however, held
their sales efforts to too limited an appli-
cation of the P. A. field. Some of them
canvass the local Masonic lodge, the Elks
and let it go at that. What about the
music teachers? They can do a great deal
with a P A. system provided with a re-
cording head. Imagine, if you will, a
music teacher set up in your town with a
small but good recording outfit. The busi-
ness advantages that they enjoy over their
competitors is simply tremendous!

Little Willie is taking violin lessons. The
teacher records his playing, advises him to
take the record (which may cost a dime)
home and play it on his phonograph. He
listens to his own mistakes. His mother
and father, naturally get all puffed up over
little Willie's phonographic debut. The
same holds true of any instrument, but
it is in voice -culture that this system has
greatest advantages and proves its real
worth. Foreign language schools can, and
do, use the same kind of equipment for
precisely the same purpose.

A radio serviceman in a city of 500,000
made six such installations within three
months at a very tidy profit. After he
had placed the equipment in two music
studios, business began coming to those
places at such a rapid pace that competi-
tors of these studios simply had to fall in
line and have the same sort of equipment.
It is not difficult to get three hundred dol-
lars for such equipment.

In one small town, the local moving -

picture house used to send a truck with a
5 -piece band running about town, advertis-
ing its new bills. The local radio doctor
got on the job and sold the management
the idea of a radio -equipped truck, playing
phonograph records. He used a standard
P. A. outfit with a turn -table slung from
springs so that road bumps would not
affect reproduction. This fellow netted
5200 on the job. Now $200 in these days,

divided by four, leaves a weekly income
for a period of one month of $50. Not
bad for such times from one sideline.

Some moving picture theatres have in-
stalled head 'phones on a group of seats
so that hard -of -hearing people may listen
to the talkies. Since such jobs may now
be handled by servicemen, they offer a
profitable field in small communities. Then,
take the case of the large church. The
first ten rows of pews are usually rented.
Many people who are hard of hearing do
not go to church because they cannot hear
the sermon or take part in the service. Any
minister knows this, and if the church is
wealthy he is convinced that such equip-
ment is needed. In one case, the minister
was paitial to the idea, but he did not
have the funds to spend. The radioman
was a live wire. He knew that the people
who subscribed to the pews were "the"
people of the town and he immediately set
out to get their help. He did not have
to go far. The first man he told about it
agreed to bear the cost of the whole thing
himself! And we still solicit two -dollar
repair jobs!!!

This business is not available to fellows
who sit in their places of business and
recall the "good old days" when sets were
sold with seventy -dollars margin and tubes
brought a dollar profit for each sale. Get
out and get busy-get working along the
lines pointed out here and in RADIO News
each month-and you also can cash in!
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ENGINEERING DESIGN

Ultra -Sensitive V. T. Voltmeter
ENGINEERS will be greatly interested

in this new instrument because of
the following features:

1. Ultra-Sensitivity-at Radio and Audio
Frequencies.

2. Single Adjustment
3. Accuracy
4. Self -Calibrating
5. No Graphs or Charts Needed
6. A. C. Operated
What may well be the most important

development to date in the line of radio
service and laboratory instruments is the
latest invention of John H. Potts-a
vacuum -tube voltmeter capable of r.f. or
a.f. measurements in terms of microvolts.

The instrument shown in Figures 97
and 98 is adaptable to an extraordinary
range of tests. Voltage or current meas-
urements may be made either d.c., or of
a.c. from below 20 cycles to an unde-
terminable range above 25 mega -cycles.
The sensitivity is great enough to enable
tests of insulation leakage, such as occurs
in condensers, etc. In conjunction with
an oscillator, measurements of inductance,
capacity, impedance and power factor may
be made at any frequency within its un-
usual range. In conjunction with a small
search coil or condenser, it is possible to
make a stage by stage test of receivers at
radio frequencies-invaluable for sets with
intermittent troubles when the use of volt
meters of the ordinary type is impractical.
An attenuator (included in this meter unit.
and to be described later) makes possible
the calibration of the ordinary service
oscillator, giving quantitative measure-
ments of receiver sensitivity in micro -volts.

Essentially, the instrument consists of
a diode rectifier followed by a direct-
copuled amplifier. The extraordinary fre-

Figure 97

quency range is due to the simplicity of
the input circuit and also to the fact
that all amplification follows, rather than
precedes, the rectifier.

Though the apparatus uses a d.c. meter
of 1 ma. sensitivity, full scale deflection
is obtained for from 30 to 70 millivolts
input, alternating current, depending on
the characteristics of the tubes, the applied
voltages, and other factors. The instrument
requires no graphs or charts; means are in-
cluded in the instrument to calibrate it in-
stantly at any point in its range, by simply
throwing a switch and turning a knob.

A schematic diagram of the complete

Figure 98

instrument is shown in Figure 100.
For sensitivity measurements, a very

simple but highly effective attenuator has
been designed. Ladder type resistance at-
tenuators have been so generally employed
in better grade test oscillators that there is
a wide -spread impression that no other
types merit consideration. The construction
of a ladder attenuator to meet laboratory
standards of tolerance in frequency in-
dependence over the wide band of fre-
quencies required by present-day sensitiv-
ity tests is an extremely difficult task.

The attenuator is of the capacitive type,
and is substantially independent of fre-
quency. Figure 99A shows the construc-
tion, which is much simpler than the
usual ladder type. The schematic circuit
of the attenuation system is shown in Fig-
ure 99B. The input voltage, El, is in
series with CI and C2. The output
voltage, E2, is proportional to the ratio
of Cl to CI plus C2. Therefore, if Cl
is very small compared with C2, the volt-
age E2 will be very small.

The range of attenuation with this de-
sign is limited by the ratio of maximum
to minimum capacitance between the elec-
trodes a and b of Cl. With the usual
design of variable condenser, this ratio is
less than 30 to 1, which would be in-
adequate and also the use of this type
would require insulating the rotor from
the panel. By modifying the condenser
design, it is possible to easily increase this
ratio to over 500 to 1.

List of Parts
Cl-Special reconstructed Cardwell 150 rnmfd.

variable condenser (see Figure 99)
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Figure

C2-Aerovox pigtail type mica -condenser. .00015
mfd.

C3-Aerovox bakelite case by-pass condenser. .5
mfd., 200 v.

C4-Aerovox pigtail type mica condenser, .001
mfd.

CS, C6-Aerovox dual electrolytic condenser 8-8
mfd., type GG5, 500 v.

C7-Aerovox electrolytic condenser, 8 mfd., type
GM, 500 v.

RI, R2-Lynch fixed resistors, 1 megohm. 1 -watt
R3, R4-Ward Leonard wire -wound resistors.

250,000 ohms. 1 watt
R5-Electrad potentiometer, type 278, 5000 ohms
R6-Ward Leonard voltage divider, 10,000 ohms.

50 watts

100

R7-Lynch fixed resistor 10,000 ohms, 1 watt
R8-General Radio potentiometer. 400 ohms,

type 214-A
R9-Lynch fixed resistor, 19.600 ohms (low

22,000 ohm resistor will serve), 1 watt
R10--Electrad wire -wound volume control, 100

ohms, type 272 W
RI1-Electrad volume control, 50,000 ohms, type

205
R12-Lynch fixed resistor, 150.000 ohms, 1 watt
R13-Aerovox wire -wound resistor, 15,000 ohms.

20 watt
Si, S3, S4-Toggle switches, single -pole -single -

throw
S2-Yaxley d.p.s.t. jack switch

I SOLDER \:Et
t/4 SO. BAKELITE '

ELECTRODE SUPPORTS

Figure 99

MI-Weston model 301, 0-1 ma. milliammeter,
bakelite case

M2-Weston model 476, 0-5 volts. a.c. voltmeter,
bakelite case

TI-Kenyon power transformer, special type.
with extra 5 -volt winding

Chl, Ch2-Kenyon. 30 henry choke, type BC 350
1 General Radio, type 661-B, unit panel with

accessories
1 General Radio, type 661-L, end- and base -plate

assembly
1 General Radio plain dial, type 710-A
1 General Radio knob, type 637%1
1 General Radio dial plate, type 318-A
2 Binding post strips. 2 -gang
2 7 -prong wafer sockets
2 6 -prong wafer sockets
1 4 -prong wafer socket
2 6B7 tubes
2 6C6 tubes
1 80 tube

Calculating
Voltage Divider Constants

VOLTAGE divider systems which sup-
ply the screens of a.v.c. controlled

circuits, will cause the screen voltage to
drop when the negative grid bias is in-
creased, because the screen current in-
creases along with the plate current.

If the voltage divider from which the
screen voltage is taken, consists of too
high values, the increase in screen current
will lead to a decrease in screen voltage
which counteracts the action of the a.v.c.
The bleeder circuit should therefore con-
sist of sufficiently low values to prevent
this voltage drop. On the other hand, for
the sake of economy in resistors and
power transformer it would be desirable
to keep it as high as possible. The fol-
lowing graphical method gives the cor-
rect value of the resistors to be used in
a very simple and quick way.

If we plot the current through a re-
sistor as a function of the voltage across
it, we get a straight line as per Figure
101. As an example, in Figure 101 are
plotted the lines for 20,000 ohms (5 mil-
liamperes at 100 volts, 4 milliamperes at
80 volts, 3 milliamperes at 60 volts, etc.),
and 50,000 ohms (2 milliamperes at 100
volts, 1 milliampere at 50 volts).

Now assume that we place a resistance
of 8000 ohms and one of 12,000 ohms in
series across 200 volts as in Figure 102
(a). The voltages across the two resistors
must add up to 200 volts, and the cur-

rents through them must be alike. Start-
ing from zero voltage, we plot the straight
line for the 8000 -ohm resistor, which
would pass 12%2 milliamperes at, for in-
stance, 100 volts, 25 milliamperes at 200
volts, etc. (Figure 103). For R2 we con-
sider the 200 -volt point as zero point,
counting our voltage values toward the
left; at 200 volts

200
this resistor would pass = 16 2/3

12,000
milliamperes. It must now be kept in
mind that the horizontal distances between
the left vertical line and the line for R1
represent the voltages across R1, and, in
a similar manner, the horizontal distances
between the right vertical line (through
the 200 -volt point) and R2 the voltages
across R2. If, for instance, 5 milliam-
peres were flowing in both resistors, point
P1 tells us that the voltage across R,
would be 40 volts, point P2 tells us that
the voltage across R2 would be 60 volts.
The two voltages do not add up to 200
volts, the horizontal distance P1 and P2
indicating by what amount they fail to do
so. Only for the intersection point P do
the two voltages add up to 200 volts; the
current is 10 milliamperes, the voltage
across R1 equals 80 volts, across R2, 120
volts.

Now let us put a load in shunt with
R1, as in Figure 102 (b). Let us assume

that the load is drawing, for instance, 5
milliamperes. ',We would like to know
now how much the voltage across R1 de-
creases due to a 5 -milliampere load cur-
rent. Obviously, the voltages across R,
and R2 must still add up to 200 volts,
but the currents are no longer alike, the
current through R2 being 5 milliamperes
more than through R1. In our diagram,
this means we have to find a vertical line
to the left of P (because to the left of P
the currents through R2 are larger than

Figure 101



1936 RADIO DATA BOOK 53

24,...000,....._
II
..,I1..

0

g 4"11 IR
MEE (.."' IIE

<011112CM
\IMMOEN

I:1
1 E MN

IIIMEIIE IiMEM \141I, I ,

011 ME bps
0 El OM

100 5 zoo 250
VOLTS

Figure 104

through R1), in such a manner that the
vertical distance VW equals 5 milliamperes.
It is seen that WR is the current through
resistor R1 with a voltage 01R across it
and VR the current through resistor R2
with the voltage 02R across it. The two
voltages add up to 0102 = 200 volts,
and the difference VW in the two cur-
rents is the load current. We could find
the position of this vertical line VR with
the help of a compass, fitting a length
equivalent to 5 milliamperes between these
two lines, but an easier method is at once
obvious. We draw a vertical line through
P, giving us point S, and connect S with
U, then TR = VW. The proof is as
follows:

VW PW SR TR= = -= -. The first and
UO, P01 SO, U01

last expressions show that VW = TR.
Therefore, if we make the line TR equal
5 milliamperes, or simply draw a hor-
izontal line through 5 milliamperes, in-
tersecting the line US in the point T,
the abscissa 01R = 56 volts of point T
will give us the voltage across R1 and
across the load; 02R = 144 volts the volt-
age across R2, WR = 7 milliamperes
the current in It, and VR = 12 milliam-
peres, the current in R2; every question
is, therefore, answered.

We had chosen 5 milliamperes as an
example, but it is obvious that the con-
struction holds true for any value of load
current, so that the line US can justly
be called "load characteristic" of the volt-
age divider R1R2. As a further example,
the diagram shows that for a load cur-
rent of 10 milliamperes, for instance, the
voltage across R1 or the "load voltage"
would be 32 volts, the current through
R, = 4 milliamperes, the voltage across
R2 = 168 volts and the current through
R2 = 14 milliamperes.

If the line US is extended downward,
it crosses the vertical through 02 in the
point Z. It is then 02Z = 02Q, because

02Z UZ 0102 Q02

PS US 015 PS

The "load characteristic" of a voltage di-
vider R1R2 is therefore very simple to
find: make 01U equal the current that re-
sistor R2 would pass if connected alone
across the supply voltage; in a similar
manner, 02Z, the current that R, would
pass under the same condition; then UZ
represents the "load characteristic," giving
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all corresponding load voltages and cur-
rents. If besides the load characteristic
the individual currents through R1 and R2
are of interest, the two lines for R1 and
R2 must be drawn, and in that case it is

recommended to find the point S rather
by projection of intersection point P than
by drawing 02Z downward. With the
first -mentioned construction, better use can
be made of the available amount of cross-
section paper, thus increasing the accuracy.

The advantage of this solution of the
voltage -divider problem is its extreme
flexibility, combined with the fact that it
shows the influence of all factors at once.
We had started out to find the load char-
acteristic of a given pair of resistors, but
we can now reverse the problem. From
the construction it is apparent that to
every load characteristic belongs a certain
pair of resistors.

Let it be required, for instance, to find
a voltage divider across 250 volts to sup-
ply the screen voltage to three a.v.c. con-
trolled 58 type tubes and that it has been
established that the combined screen cur-
rents fluctuate between 3 and 9 milliam-
peres. With 3 milliamperes the screen
(or load) voltage should not exceed 100
volts, and with 9 milliamperes it has been
found permissible that the voltage drops
to 85 volts. The two points, namely, 100
volts, 3 milliamperes and 85 volts, 9 mil-
liamperes establish our desired load char-
acteristic. (See Figure 104.) This gives
us points U and S; we connect now
point U with the 250 -volt point on the
voltage scale, this line representing the
resistance R2; this resistance must be such
as to pass 43 milliamperes (=01U) at
250 volts = 250/.043 = 5820 ohms. To
find resistance R1 we could extend US
downward, but since we like to know the

Figure 103-Above

individual currents, we establish Point P
by going perpendicularly up from S until
it intersects the line UO2. Now draw the
line 01P, which intersects the vertical
through 02 at 57 milliamperes; R1 is

therefore 250/.057 = 4390 ohms. By

drawing verticals through the original
points of the load characteristic, we see
that with a 3 -milliampere load the cur-
rents through R2 and It, will be 25.8 and
22.8 milliamperes respectively, with the
desired voltage of 100 volts across R1;
at 9 milliamperes load current and 85
volts, the currents through R2 and R, will
be 28.4 and 19.4 milliamperes respectively.
28.4 milliamperes will also be the maxi-
mum current drawn by the divider.

The construction can, of course, also be
used if the maximum current that can be
spared for the voltage divider is given and
it is desired to find the voltage regulation.
This simply means that the line for R2
and one point on the load characteristic is
given. This establishes point S and there-
fore P and R1.

Engineers

Will Find Many Pages

Of Valuable Data

In

RADIO NEWS
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V. T. Power-Output
Formulas

WHAT is the maximum pov,t.1 output
of a given triode in Class A ampli-

fication? Engineers and experimenters
have been asked this question at one time
or another. There is a definite answer for
each case. By following the method out-
lined below, you can calculate the undis-
torted power output for any set of operat-
ing conditions.

In order to use this information to the
best advantage, we must first briefly ex-
amine the equivalent plate circuit of a
triode as shown in Figure 107.

Any circuit for the transfer of power
may be divided into two parts, namely,
(1) the source and (2) the load. This
division is indicated in the diagram by
the dotted lines. For the purpose of this
analysis, we will assume that RL is a pure
resistance.

The total a.c. power expended in this
circuit is given by the formula:

PT = (AIP)2 (RP + RL)
When Alp = r.m.s. alternating current.
The "power output" of the circuit (i.e.,
the useful power delivered to the load), is

PL = ( A IP ) 2RL
It can be shown mathematically that,

for an given generator voltage, the maxi-
mum power is delivered to the load when
RL = Rp. If the reader doubts this fact
he can prove it for himself graphically.

If the plate circuit of a triode were a
device that obeyed Ohm's law for any
applied voltage, our problem would be
solved. The maximum useful power out-
put would be delivered to the load when
RL = Rp, and, under this condition the
load would receive 50% of the total power
developed in the circuit.

Everyone knows, however, that the
plate voltage -plate current curve for a
triode is not a straight line. Figure 105
is a typical "family" of such curves for
a familiar triode. More voltage is re-
quired, per unit of current, near the base
of the characteristic, hence it shows a
curvature. The slope of the curve is also
determined by the amount of grid bias,
so that we have a slightly different char-
acteristic for every grid voltage.

For distortionless amplification only the
straight portion of any one of the
Ep-Ip curves can be used. This decides
two important facts about the power out-
put of the tube:
I. Much less than 50% of the power ex-

pended in the plate circuit can be de-
livered to the load.

2. The actual amount of power available

trom a given triode depends upon the
allowable distortion.
In general, the optimum condition is

obtained when RL has a value somewhere
between Rp and 2Rp. Both power out-
put and distortion decreases with an in-
crease of RL above a value equal to RP.

Figure 106 is a set of characteristics for
a 31 type tube. The following outline
shows how the power output and the
amount of distortion can be calculated for
a given load and given operating point.
We will illustrate with a typical case, as-
suming the following conditions:
Load resistance = RL = 7000 ohms
Plate current = Ip = 8 milliamperes
Plate voltage = Ep = 135 volts

(approx.)
Grid bias = Ec = -22.5 volts

With such a set of data given the
maximum power output can be deter-
mined as follows:
1. Using Figure 106, find the point cor-

responding to 135 volts and 8 mili-
amperes on the curve for EC =
-22.5. Call this point "q." This is the
position of the operating point when
there is no signal on the grid.

2. To obtain the path of this operating
point we must draw through "q" a
line-the "load line"-with a slope
corresponding to 7000 ohms. This line
generally can be found by dividing
the B -supply voltage by the load re-
sistance. However, we do not yet
know the voltage of the B supply. With
no signal coming in, the plate cur-
rent was 8ma., so the drop in the load
resistance equals 7000 X .008 = 56
volts and the B supply should be 135
+ 56 = 191 volts.

The load line is now drawn by con-
necting 191 volts on the voltage axis
with the operating point "q" and pro-
ducing the line until it meets the curve
Ec = 0.

3. Label this line p -h. It represents the
path of the operating point of the
tube as the incoming signal swings the
grid between Ec = 0 and Ec = -45
volts.
The maximum possible power output will

now be given by the formula
PmAx = ( A Ip)2 RL

when Alp = rms change in plate current.
The maximum current flows when

Ec = 0. From the diagram we see that
this is IMAx = 16 milliamperes. Similarly,
IMIN 1.5 milliamperes, when EC = -45
volts.

SOURCE

EB-PLATE SUPPLY VOLTAGEIp  PLATE CURRENT
A.Ip -CHANGE PLATE CURRENT DUE TOSIGNAL P - POINT IN CIRCUIT COR-RESPONDING TO PLATE. F  POINT INCIRCUIT CORRESPONDING TO FILAMENT.Rp PLATE RESISTANCE RL- LOADRESISTANCE GAc. RESISTANCELESSA.C. GENERATOR e voLTAGE OUTPUT.OF GA.c = WHEN:44- VOLTAGEAMPLIFICATION FACTOR OF TRIODE.Eg - CHANGE IN GRID VOLTAGE DUETO SIGNAL.

Fig. 105-Top Left - Fig. 106-Top Rigt.t
Figure 107-Above

Assuming that we are dealing with a
sinusoidal current, both ImAx and IMIN
are peak values, and must be reduced to
rms values by dividing by 2. Hence,
we have, finally:

PMAX =
pipI

"XL
2 V 2

Substituting the numerical value for the
conditions given above, we have:

PMAX = X .0145 X .0145 X 7000
= .184 watts = 184 milliwatts

By changing the value of RL, it is pos-
sible to obtain higher values for PMAX.
It should be noted, however, that this will
bring the operating path down on the
curve portions of the cha Icteristics when
the grid is most negative. ['his results in
distortion of the output signal.

The percentage of second harmonic dis-
tortion may be calculated by means of the
following formula:

% 2nd harmonic distortion =
IMAX

Ip
2

X 100
IMAX - IMIN

For the numerical case given above:
% 2nd harmonic distortion =

16 + 1.5
8

X 100
14.5

= 5.2% approximately
When selecting the value of output resis-

tor, it is considered good practice not to
exceed 5% second harmonic distortion.
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RADIO EXPERIMENTING

Ex PERIMENTATION has been the
tree that has motivated most of the
fundamental radio inventions that

have been made since Marconi's earliest
days. That is how he started out and
that is what he is doing now-always ex-
perimenting! The old adage should
read "Once an experimenter always an
experimenter"; and you may ask "Who
is not an experimenter who is truly a

radioman?" You may be interested in radio
simply as an experimental set -builder, at

home. That does not prevent you from
getting just as much of a thrill out of doing
some original experimental work as the
professional research engineer, working for
one of the large companies in a huge de-
velopmental laboratory. No one has a "cor-
ner" on brains and if you like radio ex-
perimentation-"research" is another name
for it-you have just as much chance of
making a fundamental discovery as anyone
else. It is true that the professional re-

searcher has better "tools" at hand and
possibly more experience, but Brains are
the greatest "tools" after all.

Radio experimentation may be your
Hobby or it may be your Work, and still
you always want to know what are the
newest developments in radio, in which ex-
perimentation is expanding the world's
knowledge. Your interests may be in Phys-
ical Research or it may be along the lines
of Applied Electronics. It may be from an
Engineering standpoint, in developing new
receivers. You may be interested in a spe-
cial field like Television or the Short Waves,
or again you may be simply interested in
Tinkering with Circuit Designs, Transmit-
ters and Receivers for your own use or for
Home Laboratory Experiments in amusing
your friends. No matter what your interest,
we believe you will find it awakened and
refreshed in the material in this chapter.

The Care of Soldering Irons
If a soldering iron is left connected to

the supply line for hours at a time the tip
generally blackens very quickly, becomes
pitted and in a very short while it is nec-
essary to obtain a new tip for the iron.

The accompanying circuit (Figure 108)
shows an arrangement to overcome this
condition. The procedure is to connect the
plug to the light line, close the switch S,

Figure 108

and the iron is connected directly across the
line so that it reaches a satisfactory operat-
ing temperature quickly. When this temper-
ature is reached the switch is then reopened,
which puts the electric light in series with
the iron, thereby reducing the voltage so
as to maintain correct temperature without
overheating, even though the power be left
on for hours.

The wattage of the electric light bulb
depends upon the soldering iron. The switch
may be almost any type, although it is a
good idea to use some kind of an enclosed
switch made for use on 110 -volt lighting
circuits.

A Simple R. F. Indicator
In the efficient servicing of superhetero-

dynes it is desirable to possess means of
determining the effectiveness of the oscil-
lator over the entire frequency range. Here
is a simple r.f. indicator that would work
on even the worst type of oscillator, namely
the autodyne. The result is a simple ar-
rangement using inexpensive parts, most of
which will be available in the average ser-
vice shop. The circuit is shown in Figure
109. No plate voltage is used, a small fila-
ment transformer being the only supply
necessary. An 0-5 range, TM -108 tuning
meter made by Readrite is employed as an
indicator, although a more expensive milli -
ammeter may be substituted. Where a
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calibrated scale is not desired, these tuning
meters leave nothing to be desired as sen-
sitive milliammeters. It will be noticed
that the circuit is really a diode detector
hook-up with a visual indicator. The clip,
connected to the blocking condenser, C, is
connected to the insulated plate of the oscil-
lator condenser (usually the stator). This
applies an r.f. voltage to the -56 which,
in turn, is rectified in the grid -cathode cir-
cuit. This rectified current flows through
the tuning meter and the resultant deflec-
tion indicates the strength of the applied
r.f. wave. Thus a complete check on the
strength of oscillations of the superhetero-
dyne oscillator can be obtained in one
operation. This indicator will not affect
the circuit very much, and will prove a
valuable asset in servicing supers, especially
those having autodyne oscillators in which

it is usually necessary to try several tubes
before one is found which will work over
the entire scale. The indicator can be
connected and the tuning condenser run
over the scale. If the oscillator quits
working at any point, the tuning meter
needle will fall back to zero.

A Live -Wire Tip
Many unhandy and impractical things

are applied to the handles of pliers and
wire cutters for insulation, or to better
the grip when working in cold weather

Figure 110

with heavy gloves. Tape is sticky, always
coming off, and does not last. Tubing is
not heavy enough or too heavy. Force
on a pair of inexpensive tricycle handles as
shown in Figure 110. Squeeze a bit of ce-
ment into the handles first if it is avail-
able. Such handles are of a soft but tough,
durable rubber, and can be forced neatly
over the handles of any ordinary pliers
on which such an addition is necessary.
The small knobs at the ends make an excel-
lent grip.

Chart of Tap and
Clearance Drills

In radio construction work experiment-
ers are often confronted with the problem

Figure II I

SCREW
NUMBER

THREADS
PER INCH

DRILL
FOR TAP

NUMBER
CLEARANCE

3 . 40_ --49.-------- 39
a. . A 8 4 5 _..... 36

51

38. 29

26

24

_17

9 2B .26 . 15

9
._15

6

. 8
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of selecting the correct size drill for tap-
ping, or for drilling a clearance hole to
take a certain size machine screw, and
Figure 111 gives this information at a
glance. It is suggested that the chart be
mounted on a piece of heavy cardboard
and tacked over the workbench for quick
reference. The first and second columns
identify the machine screw, the third column
gives the drill size where the hole is to be
tapped. If the hole is to be drilled so that
the machine screw passes through the hole,
then the size drill is selected under the
column headed "Clearance."

Transformer Providing
Eleven Different Voltages
Figure 112 shows a method for utilizing

a filament transformer to provide eleven dif-
ferent voltages which will take care of
practically all the tubes on the market to -

110 V. A C
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Figure 112

day. Employing a transformer having but
three secondary output windings of 1,/,,
VA and 5 volts, it is possible to provide,
by an interconnecting arrangement of these
three voltages, eight additional voltages
ranging from g volt up to 9 volts.

Originally the idea was applied to a
tube tester. However, in its present ar-
rangement of pin -jack connections it is
employed to supply various voltages for
the operation of test lamps, door -bells, os-
cillators and numerous other electrical de-
vices and testing equipment.

Home -Made Radio Cement
A good grade of radio cement can be

easily made at a small cost from acetone
and celluloid. Experimenters and service-
men will find a cement of this kind ex-
tremely handy for cementing speaker cones,
insulating coils, repairing tube bases, etc.

A small amount of acetone and a few
strips of celluloid may be procured from
any drug store. Next obtain a small bottle
with a brush attached to the cap. A dis-
carded bottle formerly used for fingernail
polish answers the purpose very nicely.
The celluloid strips are dropped into the
acetone, where they slowly dissolve to form
the cement. If the cement becomes too
thick, simply add more acetone; if too
thin, add more celluloid.

To Prevent Motorboating
A simple circuit to overcome motor -

boating generally due to interactive coupling
between stages is given in Figure 113.

Figure 113

This circuit consists of a network of con-
densers and a resistance connected between
the power unit and the detector B+ ter-
minal of the set, as shown in the diagram.

It is preferable to locate the resistance at
a point close to the receiver rather than at
the power unit. The value of the resis-
tance is dependent to a certain extent
upon the characteristics of the receiver and
power unit. With some amplifiers a value
of 10,000 ohms is satisfactory, while with
others a resistance of 50,000 to 100,000ohms is required. A resistance of 50,000
ohms seems to be satisfactory in most cases.
In using these higher values it may be
found desirable to increase the voltage
somewhat, to compensate for the drop
across the resistor.

Band Spreading
Ham operators will be interested in this

simple auxiliary dial (Figure 114) for
spreading the amateur bands.

The pointer is made from a strip of soft
brass or aluminum. A 6-32 machine screw
and nut fastens the pointer to the outside
edge of the tuning knob as shown in the
drawing. The dial is cut from a piece of
cardboard, numbered and then glued to
the receiver panel just above the regular
dial opening. It is approximately three
inches long and is divided into twenty equal
divisions.

To set this auxiliary dial the main dial
is first tuned to the highest frequency end

Figure 114

of the desired hand and then the band -
spread pointer is placed at zero setting and
fastened. It must he realized, of course,
that the pointer must be reset when it is
desired to operate the receiver on a dif-ferent ham band.

Line Noise Filter
It has been proven in many cases that

hum is caused by an ineffectively grounded

lighting circuit. As an example, where the
lighting line is grounded at a point far re-
moved from the radio set installation a
steady hum is frequently encountered and
is directly traceable to the power lines.

The simplest type of line filter will in
some cases cure this trouble and a unit of
this kind can be quickly and easily made

Figure 115

from parts generally found in any service
man's shop. An old discarded relay box
lends itself very nicely to the idea as it
contains the necessary imput line socket
and the line connecting cord. Simply re-
move the relay and install and connect the
two -1.0 mfd. condensers, rated at 150
volts a.c. to the plug and socket as shown
in Figure 115. Be sure to use a good
ground, preferably a wire tightly clamped
to a water pipe which has been previously
scraped clean. Connect this wire to the
ground post on the filter box.

Inexpensive Output
Indicator

Lining up a receiver for maximum out-
put is usually accomplished by the service-
man with the aid of a modulated oscillator
and an output meter.

If an output meter is not available con-
nect a Mazda flash -light bulb in series

Figure 116

with the speaker voice coil, shunted with
low resistance and experimenters will find
that it makes an excellent indicator of the
output power. The circuit is shown in
Figure 116.

Increasing Voltmeter Range
Probably the most widely used single test

instrument of the past ten years is the old
Weston Model 489, thousand -ohm -per -volt
d.c. voltmeter, reading 0-50 and 0-250 volts.

Few owners of these meters seem to
realize how easy it is to increase the volt-
age range to 1000 volts. The idea simply
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is to mount the meter on a small bakelite
or other insulating panel, as shown in Fig-
ure 118, and to add additional multiplier
resistors to the 250 -volt post (Figure 117).

To double the 0 -250 -volt scale, use a
250,000 -ohm, 1 -watt, wire -wound resistor;
to quadruple this scale, use a 750,000 -ohm,

Fig. 117 -Below Fig. 118 -Bottom

4 a 250 V. /50V
X X

250 V. 250 V. TIP JACKS'

COPPER WIRE TABLE

1 -watt resistor. Precision resistors with an
accuracy of 1% are required.

The fact that the top scale readings are
multiplied by such easy numbers as 2 and
4 makes the mental arithmetic quick and
simple. Every owner of a Model 489 will
find the extra resistors very much worth
while.

Photo -Cell Amplifier
This highly effective, inexpensive photo-

electric cell amplifier, employs a unique
circuit. The resistors R3, R4, R5 and the
plate resistance of the tube form a bridge
arrangement as shown in Figure 119. When
the ratio of the arms of the bridge are
equal there will be no current flow through
R which in this case is the relay. How-
ever, if the resistance of the tube shown as
Rp, should change, the bridge becomes
unbalanced and current flows through Rp
thence to R and R4 and back to the
power supply. This change can take place
when the grid bias on the 47 tube is
varied, the effective resistance between the
filament and the plate will change accord-
ingly, and it will cause current to flow
through R (relay).

In operation there will be a voltage de-
veloped across R2, this voltage will be im-
pressed on the circuit consisting of the
photo -cell and RI. The voltage will divide
across these two elements according to
their resistance. For instance, if the re-
sistance of RI is 5 megohms and that of
the cell is 5 megohms then the voltage will
divide equally between the elements. How-
ever, the drop across RI acts to bias the
grid of the 47 tube in a negative direction,
and when the resistance of the photo -cell
changes as it will when light shines upon
it, there will be a greater voltage developed
across RI which raises the bias of the tube
and consequently increases the plate re-
sistance which in turn will cause current to
flow through the relay.

Courtesy Radio Magazine

Employing a good photo -cell, you can
obtain a variation of the current through
the relay, as high as 10 mas. at 10 volts.

The resistor RI should be variable in
order to balance the bridge circuit. This
resistance should be kept as high as pos-
sible. The relay was made from a tele-
phone bell magnet and its resistance is ap-
proximately 1400 ohms. The resistance of
the meter is about the same as the relay.
Where a sensitive relay is used the meter
is necessary, so that the current can be
adjusted to zero point.

The value of parts, for use with the type
47 tube, are: RI, variable resistance, 10
megohm; R2, 2,000 ohms, 10 watts; R3,
40,000 ohms, 5 watts; R4, 10,000 ohms,
5 watts; and R5, 5,000 ohms, 10 watts.

Figure 119
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60 1 x PA 1.25 690 23 6.0 15 30 38 45 60 1600 1900 2200 2500 2800 3150 3800 4400
65 1 x 1% 1.50 575 23 5.0 13 25 32 38 50 1300 1575 1850 2100 2400 2650 3150 3700
75 1 x 13i 1.75 490 22 4.2 11 21 27 31 42 1100 1320 1550 1750 2000 2200 2650 3150 3800 4000 4400110 1 x 2 2.0 430 21 3.7 9 18 23 28 37 980 1170 1370 1550 1750 1960 2300 2750 3100 3500 3900105 1% x 1% 1.56 530 21 4.8 12 24 31 36 48 1260 1510 1770 2050 2240 2510 3050 3500 4100 4500 5020100 1% x I% 1.87 460 21 3.8 9 19 25 29 38 1000 1200 1400 1600 1800 2000 2400 2720 3200 3560 4000120 1% x 1311 2.18 400 20 3.5 9 18 21 26 35 920 1100 1315 1470 1650 1840 2200 2560 2940 3300 3700 4620 5500146 1% x 2 2.5 350 19 3.2 8 16 20 24 32 840 1020 1180 1340 1510 1680 2050 2350 2680 3000 3380 4200 5050125 I% x 1',4 2.25 380 20 3.3 8 16 21 25 33 870 1040 1210 1400 1560 1730 2100 2420 2800 3120 3500 4400 5250150 1',4 x 134 2.64 330 18 2.9 7 14 19 22 29 760 910 1130 1220 1360 1530 1840 2100 2450 2750 3050 3800 4650200 154 x 2 3.0 290 17 2.42 6 12 15 18 24 630 765 890 1020 1150 1265 1522 1780 2050 2380 2350 3200 3840300 2 x 2 4.0 215 15 1.87 5 9 12 14 19 490 590 690 780 880 980 1180 1360 1570 1760 1950 2350 2940400 2 x 2% 5.0 175 14 1.52 4 8 10 12 15 395 470 550 640 710 790 950 1110 1265 1420 1590 1980 2100500 2 x 3 6.0 115 13 1.26 3 6 8 9 12 330 395 455 530 595 660 790 920 1060 1200 1330 1650 2000

Interstation Noise
Suppressor System

Radio receivers equipped with intersta-
tion noise suppression generally employ a
separate tube and the grid bias action of
this tube is controlled by the automatic
volume control circuit of the receiver in

Figure 120

such a way as to block the audio amplifier
when the signal strength fades to a pre-
determined minimum.

This system, of course, is successful but

TRANSFORMER DESIGN TABLE

complex and not easily in-
stalled in a receiver. Also, it requires an
extra tube with the necessary additional
operating voltages.

The system shown in Figure 120 is
simple and easy to install. It can be used
in all Wunderiich and -55 type tube cir-
cuits in which the triode section is diode
biased and where the manual volume con-
trol is installed in the audio amplifier. As
can be seen in the diagram, a variable
resistor is connected in the cathode lead of
the detector circuit and it is by-passed by
the 1 mfd. condenser. The plate current of
the detector tube causes a voltage drop
through this resistor which results in a
negative bias being placed on the diode
plates or the dual grids as the case may be.

The receiver is tuned to a point between
stations, where the noise is loudest and the
rheostat is turned until the bias on the
diode plates is greater than the voltage
generated by the noise. This stops recti-
fication and therefore detection and the set
will be silent.

As soon as the receiver is tuned to a
station which provides a signal input to
the diode which is greater than the diode
bias, then rectification takes place. This
results in an increased bias on the grid of
the triode and a decrease in the current
flowing through the cathode resistor.

If the receiver is tuned to a station that
fades in and out of the noise level, recep-
tion will be choppy, due to the set going
silent as the signal enters the noise level.
This is common to all interstation noise
suppression systems.

The distortion introduced by operating
the tube in this fashion is very small at
normal inputs. It increases near the cut-
off point but is no worse than in other sys-
tems in which the grid of the audio tube
may be driven negative enough to operate
the tube as a bias detector instead of as a
distortionless amplifier.

Courtesy Radio Magazine

Extension Speaker Hook -Up
Here is an easy way to connect an extra

magnetic type speaker (or headphones) to
a receiver already equipped with an electro-
dynamic speaker.

The magnetic speaker is connected in
series between two condensers of 1 mfd.
capacity each, across the primary of the

Figure 121

output transformer as shown in Figure 121.
Make sure the condensers are of sufficient
voltage rating to insure against breakdown.
The switches may be added as shown for
operating one or both speakers as desired.

RADIO NEWS
Keeps You Up -to -Date

With Radio
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STATION LISTS

Broadcast Stations In The U. S.
(ALPHABETICALLY BY CALL LETTERS)

Cull Location

K A BC San Antonio. Texas
KABR Aberdeen, S. D.
KADA Ada, Okla.
KALB Alexandria, La.
KALE ortland, Ore.
NARK Little Ruck, Ark.
KASA F k City, Okla.
K AST Astoria, Ore.

Kc.

1420
1410
1200
1420
1300

890
1210
1370

Kw.

.1

.1

.1
.1
.5
.25
.1
.1

K BPS Portland, Ore. 1420 .1
K BTM Jonesboro, Ark. 1200 .1

KCMC Texarkana, Ark. 1420 .1
KCRC lid. Okla. 1360 .25
KCHJ moms. Ariz, 1310 .1

K DB Santa Barbara, Call'. 1500
KDFN Casper. %Vvo. 1440 5
KDKA Pittsburgh, Pa. 980 50.
K DUI Devils Lake, N. Dak. 1210 .1
KDYL Salt Lake City, Utah 1290 1.

KECA Los Angeles. Calif. 1430 1.

KEHE Loa Angeles. Calif. 780 .5
KELxt Ki Dorado. Ark. 1370 .1
KELW itut batik Calif. 780 .5
KERN I takerstield, Calif. 1370 .1
K EX.. Portland. Ore. 1130 .5

K FAB Lincoln, Nebr. 770 10.

K FAC Los Angeles. Calif. 1300 1.

K F BB Great Falls, Montana 1280 1.

KFBI Abilene. Kansas 1050 5.

KFBK Sacramento, Calif. 1490 5.

KFuM I teauniont. Texas 560 .5
KFDY makings. South flak. 780 1.

K FEL... -Denver Colo. 920 .5
KFEQ St Joseph, Mo. 60 2.5
KFGQ Boone, Iowa )370 .1

K F H Wichita. Kansas 1300 1.

K Fl Lug Angeles Calif. 640 50.
KFIO Ntokaile Wash. 1120 .1

K F II Pond du Lae, Wis. 1420 .1
KFJB Marshalltown. Iowa 1200
KFJI Klamath Falls, Ore.
KF1M Grand Forks, N. Das.

1210
1370 .1

KFJR Portland, Ore 1300 .5
K FJZ Furth North, Texas 1370 .1

K F KA i /reeley, Colo. 880 .5
KFKU Lawrence. Kansas 1220 1.

KFNF Shenandoah, Iowa 890 .5
KFOR Lincoln, Nebr. 1210 .1

KFOX Long Beach, Calif. 1250 1.

KFPL Dublin, Texas 1310 .1
K FPW Ft. Smith, Ark. 1 210 .1
K FPY Spokane, Wash. 090 1.

KFQD Anchorage. Alaska 780 .25
KFRC San Francisco, Calif. 610 1.

KERO Longview. Texas 1370 .1
KFRU Columbia, Mu. 630 .5
K FSLI :tan Diego, Calif. 600 1.

K FIN boa Angeles, Calif. 1120 1.
KFUH Del Monte, Calif. 1210 .1
KFUO St. Louis Mo. 550 .5
KFVD Los Angeles, Calif. 1000 .25
K FVS Gala Girardeau. Mo. 1210 .1
KFWB II ollywood. Calif. 950 1.
KFXD Nampa. Idaho 1200 .1
K FXJ Grand Junction. Coo. 1100 .1
KFXIA San Bernardino. Calif. 1210 .1

KFXR Oklahoma City, Okla. 1310 .1
KFYO 1 ubbock, Texas 1310 .1
KEYS Bismarck, N. Dakota 550 1.

K GA Spokane. Wash. 1470 5.

K GAR Tucson, Ariz. 1370 .1

KGB San Diego, Calif. 1330 1.

K GBU ix etcnikan, Alaska 900 .5

PI G BX Springfield, Mo. 1230 .5
KGBZ York. Nebr. 930 1.

KGCA I tecurah. Iona 1270 .1

KGCU Mandan, N. Dakota 1240 .25
KGCX Wolf Point, Montana 1310 .1

KGDE Fergus Falls Minn. 1200 .1

KGDM Stockton, Calif. 1100 1.

KGDY Huron. S. Dak. 1340 .25
K GEK Sterling, Colo. 1200 .1

K GER Long Peach. Calif. 1360 1.

KGEZ Kalispell Mont. 1310 .1

KGFF Shawnee, Okla. 1120 .1
K G F G Oklahoma City. Okla. 1370 .1
KG F I corpse Cbristi. Texas 1500 .1
K G F1 Los Angeles, Calif. 1200 .1

KGFK Moorhead, Minn. 1500 .1
KGFL Roswell N. Mex. 1370 .1
K G FW Kearney. Nebr. 1:110 .1
KGFX Pierre, S. Dak. 630 .2
KGGC San Francisco Calif. 1 120 .1
KGGF coffeyville, Kansas 1010 1.

K GGM Albuquerque, N. Mex. 1230 .25
KGHF Pueblo, Colo. 1320 .5

Location

KGHI Little Rock, Ark.
KG H L Gillings Mont.
KGIR Itutte, Mont.
KGIW Alamos'. Colo.

.KGKB Tyler, Texas
KGKL San Angelo, Texas
KGKO Wichita Falls. Texas
KGKY Scottsbluff, Nebraska
KGMB llonolulu, Hawaii
KGMC Amarillo. Texas
KGNF North Platte, Nebr.
KGNO Dodge City, Kansas
KGO Sail Francisco. Calif.
K GU Honolulu, Ilattaii
KGVO thmoula, Mont.
K GW Portland, Ore.
K GY i Hympla, %Vasil.

K H1 Los Angeles. Calif.
K HQ Spokane, Wash.
K HSL Chico. Calif.

KICA Clovis, N Mex.
KID Idaho Falls. Idaho
KIDO Poise, Idaho
K I DW Lamar. Calo.
KIEM Eureka. Calif.
KIEV Glendale Calif.
KINY Juneau, Alaska
KIT Yakima, Wash.
K1U1 Sante Fe. New Mexico
K I U L Garden City. Kans.
KIUN Pecos, Texas
KIUP Durango. Colo

1(113S San Francisco. Calif.
K1 R Seattle, Wash.

K LCIS ''lythevIlle, Ark
K LO 1/gden. l'tall
KLPM Minot, N. Dakota
K LRA I ittle Bock. Ark.
K LS Oakland. Calif.
K LU F Galveston, Texas
K LX Oakland, Cant
KLZ Denver, Cola.

K MA Shenatitiolt. Iowa
K MAC Sail Antonio, Texas
K M BC Kansas City. Mo.
KMED Medford. Ore.
K M1 Fresno. Calif.
KMLB Monroe. La.
KMM1 clay Center, Nebr.
K MO Tacoma, Wash.
K MOX St. Louis. Mo.
KMPC Beverly Hills. Calif.
K MTR Hollywood Calif.

KNOW Austin, Texas
K N X I lollysouti, Calif.

K OA Denver, Colo.
KOAC Corvallis, Ore.
K OB %Ibuquerque, N. Mex.
KOH Reno, Nev.
K 01 L Council Bluffs, Iowa
KOIN Portland, Ore.
KOL Seattle, Wash.
KOMA Oklahoma City, Okla
K OMO Seattle. Wash
K ONO .San Antonio, Texas
K 00S Marshfield. Ore.
KOBE Eugene. Ore.
KOTN Pine Bluff, Ark.
KOY Phoenix. Ariz.

K PAC Port Arthur, Texas
K PCB Seattle. Wash.
K NIA ,i'rescott, Ariz.
K PLC Lake Charles. La.
K PO San Francisco, Calif.
K POF Denver, Colo
K P PC Pasadena, Calif.
K PQ Wenatchee, Wash.
K P RC I louston, Texas

K QV Pittsburgh. Pa.
KQW San Jose. Calif.

K RE Iterkeley. Calif.
KREG Sante Ana. Calif.
K R G V Weslaco, Texas
K R K D Los Angeles Calif.
KRKO Fverett, Wash
K R LC Lewiston. Idaho
K RLD Dallas.Texas
KRMD Shreveport, La.
K RNT Des Staines. Iowa
K ROC Rochester, 111i iiii.

1200 .1
7110 1.

1340 1.
1420 .1
1500 .1
1370 .1
1210 1.
1500 .1

750 2.5
1410 1.
1130 1.
1310 .25

7911 7.5
750 2.5

1260 I.
620 1.

1210

900 I.
590 1.
950 .25

1370 .1
1320 25
1350 1.
1 110 .1
1210 .1

850 .25
1310 .1
1310 .1
1310 .1
1210 .1
1420 .1
1370 .1

1070 .5
970 5.

1290 .1
1400 .11

1240
1390 1

1410
1370 .1

880 1.
560 1.

930
1370
950

1310
580

1200
740

1330
1090
710
570

1.
.1

1.
.1

1.
.1

1.
.25

50.
.5

1.

1500 .1
1050 50.

830 50.
550 1.

1100 10.
1380 .5
1260 1.

910 1.
1270 1.
1480 5.

920
1370
1200
1420
1500
1390

1260 .5
710 .1

1500 .1
1500 .1

680 50.
800 .5

1210 .05
1500 .1
920 1.

1300 .5
1010 1.

1.
.1
.25
.1

I

1370 .1
1500 .1
1260
1110 1

1370 .05
1420 .1
1040 10.
1310 .1

1320 5
1310

Ca! I

K ROW
K RSC
K SAC
KSCJ
K SD
KSE I
K SF 0
KSL

Local tout

Oakland, Calif.
Seattle Wash.
Manhattan, Kan.
Sioux City. Iowa
St. Louis, Mo.
Pocatello. Idaho
San Francisco, Calif.
Salt Lake City, Utah

Kc.

930
1120

580
1330

550
9110
560

1130

Kw.

1.
.1
.5

1.
1.

.25
1.

50.

KSLM Salem, Ore. 1370 .1

KSO . .. ..11/es 5loines, Iowa 1430 .23
KS00 Sioux Falls. S. Dakota 1110 2.5
KSTP .St. l'aul, Minn. 1400 10.

KSU N Loy(ell Ariz. 1200 .1

K TA R Phoenix, Ariz. 610 1.

K TAT Furth Worth, Texas 1240 1.

K T BS Shreveport, La. 1450 1.

KTFI West Twin Falls. Idaho 1240 1.

KT HS I lot Springs. Ark, 1060 10.

KTRB Modesto. Calif. 710 .25
KTRH Houston, Texas 1290 1.

KTSA Sail Antonio, Texas 550 1.

KTSM Fl Paso. Texas 1310 .1

KT U L Tulsa, Okla. 1 100 .5

KTW Seattle, Wash. 1220 1.

KU) ..... .Walla Walla, Wash. 1370 .1

KUMA Yuma, Ariz. 1420 .1
KUOA Fayetteville. Ark. 1260 1.

K USD Vermillion. S. D. 890 .5

K VI Tacoma, Wash. 570 1.

K V L Seattle, Wash. 1370 .1
KVOA 'Noon. Ariz. 1260 .5

KVOD Deliver. Colo. 920 .5
K V OL Lafayette, La. 1310 .1

KV00 Tulsa. Okla. 1140 25.

KVOR Colorado Springs. ('olo. 1270 1.

K V OS Bellingham, Wash. 1200 .1

K VS0 Ardmore, Okla. 1210 .1

KW B0 I lutchInson, Kans. 1420 .1

KWEA Shreveport, La. 1210 .1

K W 0 Stockton, Calif. 1200 .1

K W11 Portland. Ore. 1040 .5
K W K St. Lotils, Mo. 1350 1.

1(1V1( C Kansas City, Mo. 1370 .1

KWKH Shreveport, La 850 10.

KW LC Devorall, Iowa 1270 .1

KWSC Pullman. Wash. 1220 1.

KWTN Watertown, S. Dak. 1210 .1

KWTO Springfield. Mo. 500 5.

K W YO Sheridan. Wyo. 1370 .1

K X A Seattle, Wash. 700 .25
K XL Portland, Ore. 1420 .1

K XO F'1 Centro, Calif. 1500 .1

KXRO Aberdeen, Wash. 1310 .1

K XYZ Houston, Texas 1440 1.

KYA San Francisco, Calif. 1130 1

KYW Philadelphia, Pa. 1020 10.

NAA Arlington. Va. 690 I.

W AA B Poston, Mass. 1410 .5

WRAF chicago, Ill. 920 .5

WAAT Jersey City N. J. 940 .5

W A AW . Omaha. Nebr. 660 .5

W ABC
WABI
WA BY
WACO
WADC

New York, N. Y.
Bangor, Maine
Albany, N. Y.
Waeo, Texas
Akron, Oillo

860
1200
1370
1420
1320

50.
.1
.1
.1

I.

WAGE
W A G M
W A I M
WAIU
W A LA
WALR
WAML
WAPI
WARD

Dothan, Ala.
Presque Isle, Maine
%inlerson. S. C.

Columbus. Ohio
Mobile, Ala.
Zanesville, Ohio
Laurel Miss.
Birmingham. Ala.
Brooklyn, N. Y.

)370
1420
1200

610
1380
1210
1310
1140
1400

.1

.1
1

.5
.5
.1

1

5.
.5

WASH
W AT R
WAVE
WAWZ

(;rand Rapids. ktich.
Waterbury. Conn.
Louisville. Ky.
Zarephath, N. J.

1270
1190

910
1350

5
.1

I.
.5

WAZL Hazleton. Penna. 1420 .1

W BAA West Lafayette, Ind. 890 1

WBAL Baltimore. Md. 1060 10

WBAP Forth Worth, Texas 800 50

WBAX Wilkes- arre. Penns. 1210 .1

W BBC Brooklyn, N. Y. 1100 .5

W BBL It ichnim id. Va. 1210 .1

W BBM I 'Ideas°, Ill. 770 50.

W BBR Brooklyn. N. Y. 1300 1.



60

Call Location Kc. Kw. Call Location Kc. Kw.
W Bin Ponca City, Okla. 1200 .1 WHIO Dayton, Ohio 1260 1.WBCM Day City, Mich. 1410 .5 WHIS Bluefield. W. Va. 1410 .?5WBEN Buffalo, N. V 900 1. WHIE1 Greensburg!' Pa. 620 .25W BE 0 Marquette, Mich. 1310 .1 W H K Cleveland, Ohio 1390 1.WBIG Creensboro, N. C. 14411 .5 W H N New York, N. Y. 1010 1.WBNO New Orleans, La. 1200 .1 WHO Des Moines, Iowa 11100 50.WBNS Columbus, Ohio 1430 .5 W H 0 M . . Jersey City. N. J. 1450 .25KBNX New York, N. Y. 1350 .25 WHP Harrisburg. Pa. 1430 1.W BOQ (See WABC)
W BOW Terre haute, Ind. 1310 .1WBRB Red Bank. N. .1. 1210 .1 W1BA Madison, Wis. 1280 1.WBRC Birmingham, Ala. 930 1. WIBG 1'lenside, Pa. 970 .1WBRE Wilkes-Barre, Pa. 1310 .1 WIRM Jar 1 Mich. 1970 .1W BSO Babson Park, Mass. 9211 .5 WIBU Poynette. Wis. 1210 .1WBT Charlotte, N. C. 1080 50. WIBW Topeka, Kansas 580 1.WBTM Danville, Va. 1370 .1 WIBX Utica. N. Y. 1200 .1WBZ Boston, Mass. 990 50. WICC Bridgeport, Conn. 600 .5W BZ A Springfield, Mass. 990 I. W 1 L St Louis. Mo. 120D .1WILL Urbana, Ill. 890 1.WILM Wilmington, Del. 1420 .1W CAC Storrs. Conti. 600 5 WIND Care. Ind. 560 1.WCAD Canton, N. Y. 1220 .5 WINS New York, N. Y. 1180 1.W CAE Pittsburgh, I'a. 1220 I. W I OD Miami. Fla. 1300 1.WCAL Northfield, Minn. 1250 1. W IP "Ifilatielphia. Pa. 610 .5WCAM Camden, N. J. 1280 .5 W I RE.......Indlanapolls, Ind. 1400 .5WCAO Baltimore, Md. 6011 5 W IS Columbia, S. C. 1010 .5W CAP Asbury Park, N. J. 1280 .5 WISC Milwaukee, Wia. 1310 .1W CAT Rapid City. S. Dak. 1200 .1 W ISN bilwaukee, Wis. 1120 .25WCAU infliadelphi a, Pa. 1170 50.W CA X

WCAZ
Burlington, VL
Carthage, III.

1200
1070

.1

.1 WJAC Johnstown, Pa. 1310 .1W C BA Allentown Penna. 1440 .5 WJAG Norfolk, Nebr. 1000 1.W C BD Waukegan, III. 1080 5. WJAR Providence. R. I. 890 .5W C BM .taltimore, Md. 1970 .1 W.1 AS Pittsburgh. Pa. 1290 1.WC BS Springfield, III. 1420 .1 W 1A X Jacksonville, Fla. Imo 1.WCCO Minneapolis, Minn. 810 50. WJAY 11ereland. Ohio 610 .5WCF L
WCHS
WCKY
WCLO
WC LS
WCMI
WCN W

Chicago, Ill.
Charleston, W. Va.
Covington, Ky.
Janesville, Will.
Joliet, III.
Ashland, KY.
Brooklyn, N. Y.

970
.80

1490
1200
1310
1310
1500

1.5
.5

5.
.1

1

.1

.1

W 1 BC
W 1BK
W.1131.
W 180
W.IBW
W 1BY
W 10 X

Bloomington. III
Detroit, Mich.
Decatur, III.
Eaton Rouge. La.
New Orleans, La.
Gadsden, Ala.
Jackson. Min.

1200
1500
1200
1420
1200
1210
1270

.1
.1
.1
.1
.1
.1

1.
.

WC OA .
,

.... Pensacola, Fla. 1340 .5 W1E1 Hagerstown Md. 1210 .1WCOC Meridian, Miss. 880 .5 W1IM .Lansing. Mich. 1210 .1WCOL Columbus, Ohio 1210 .1 W 11 D Chicago, III. 1130 20.W CR W Cliffago, III. 1210 .1 W 1MS ..... Ironwood, Mich. 1420 .1
.

W CSC Charleston, H. C. 1960 .5 WJR Detroit. Mich. 750 50.W CS H Portland, Maine 940 1. W 1SV Washington, D. C. 1460 10.WJTL i Banta, Ga. 1370 .1W.liV Akron, Ohio 1210WDAE Tampa, Fla. 1220 1. W1Z New York, N. Y. 760
.1

50.WDAF
WDAH

Kansas City. Mo.
El Paso, Taiga

610
1310

1.
.1WDAS Philadelphia. Penna. 1370 .1 WKAQ Sail Juan,Puerto Rico 1240 1.WDAY Fargo. N. Dakota 940 1. WKAR Fast Lansing, Mich. 1040 1.WDBJ Roanoke, Va. 930 1. WKBB Fast Dubuque, Ill. 1500 .1WDBO Orlando, Fla. 580 1. WKBH La Crone, Wis. 1300 1.WDEL Wilmington. Del. 1120 .25 W K B I Cicero, Ill. 1420 .1WDEV Waterbury, Vt. 550 .5 WKBN Youngstown, Ohio 570 .5WDGY Minneapolis, Minn. 1180 1. WKBO Harrisburg. Pa. 1200 .1WDNC Durham, N. C. 1500 .1 WKBV Rictimond, Ind. 1500 .1WOOD Chattanooga, Tenn. 1280 I. W K BW Ituffalo, N.It 1480 5.WDRC Hartford, Conn. 1330 1. W K ez Muskegon. Mich. 1500 .1WOSU New Orleans, La. 1250 1. WKEU i. 1500W DZ Tuscola. III. 1020 W I( .1C Lancaster, Pa. 1200 .1.25

W K OK Sunbury, Pa. 1210 .1W K RC Cincinnati. Ohio 550WEAF New York, N. Y. 660 50. W K Y Oklahoma City, Okla. 900
.1
1.WEAN Providence, R. I. 780 5 WKZO Kalamazoo. Mich. 590 1.

W E BC
WEBQ

Superior. WM
Harrisburg, III.

1290
1210 1.1W E BR

WEDC
WEED

Buffalo. N. Y.
Chicago. Ill.
Rocky Mount, N. C.

1310
1210
1420

.1

.1
1

W LAC
W LAP
W LB

Nashville. Tenn.
Lexington, KY.
Minneapolis, Minn.

1470
1420
1250

5.
.1

1.WEEI Boston, Mass. 590 1. W LBC Montle, Ind. 1310 .05W E EU Reading. Penna. 830 1, W LBF Kansas City, Kans. 1420 .1WEHC
WEBS

Charlottesville. Va.
Cicero, Ill. 1420

1420
.1
.1

W LBL
W LBZ

Stevens Point. Wis.
"angor. Maine

520900

2.5
.5WELL Battle Creek. Mich. 1420 .1 WLEU Erie, Pa. .1WENR Chicago, Ill. 870 50. W LLH Lowell, Mass 1370 .1W E SG Elmira, N. Y. 850 1 WLNH Laconia, N. II. 1310 .1WEVD New York, N. Y. 1300 1 W LS Chicago, III. 870 50.W EW St Louis, Mo. 760 1. W LT H Brooklyn S. Y. 1400WEXL Royal Oak, Mich 1810 .05 WLVA Letichburg, Va. 1200 .1W LW Cincinnati. Ohio 700 50.WFAA Danas. Texas 800 50.

WLWL New York, N. T. 1100 5.WFAB New York, N. Y. 1300 1.WFAM South Bend, Ind. 1200 .1 WMAL Washington D. C. 630 .25WFAS White Plains, N. Y. 1210 .1 W MAQ Chicago, III. 670 50.WFBC Greenville. S. C. 1300 1. W M AS ....,Springfield, Mass. 1120 .1WFBE Cincinnati. Ohio 1290 .1 WMAZ Macon. Oa 1180 1.WFBG Altoona. Pa. 1310 .1 W M BC l'etrolt, Mich. 1420 .1WFBL Syracuse. N. Y. 1960 1. WM130 Peoria, Ill. 1440 .5WFBM Indianapolis, Ind. 1230 1. WMBG Richmond, Va. 1210 .1WFBR Baltimore, Md. 1270 .5 W M B H . . ...ToPlin. Mo. 1420 .1WFDF Flint. Mich. 1310 .1 WMBI Chicago. ID. 1080 5.W F E A Manchester. N. II. 1340 5 WMBO Auburn, N. Y. 1310 .1W F 1 L Philadelphia, Pa. 560 1. W MBQ Brooklyn, N. Y. 1500 .1WFLA Clearwater, Fla. 620 1. W M B R . . . ...Jacksonville, Fla. 1370 .1W F MD Frederick, Md. 900 .5 WMC Memphis. Tenn 780 1.W MCA New York. N. Y. 570 .5WGAL
WGAR
W G BB
WGBF
WGBI
WGCM
W G ES
WG H
W GL
WGN
WGNY
W G PC
W G R

Lancaster. Pa.
Cleveland, Ohio
Freeport. N. Y.
Evansville, Ind.
Scranton. Pa.
Mississippi City. Miss.
Chicago. 111.
Newport News Va.
Ft. Wayne, Intl.
Chicago, Ill.
Chester, N. Y.
Albany, Ga.
Buffalo, N. Y.

1500
1450
1210

630
980

1120
1360
1310
1370

720
1210
1420

550

.1
.5
.1
.5
.5
.5
.5
.1
.1

50.
.1
.1

1.

WMEX
WMFD
WMFF
WMFG
WMFH
W M F 1
W M F1
W M FN
WMFO
WMFR
W M MN
WMPC
WMT

Boston, Mass.
Wilmington. N. C.
Plattsburgh, N. Y.
Hibbing, Minn.
Boston, Mass.
New Ilaven, Connn.
Daytona Beach, Fla.
Clarkstiale, Miss.
Decatur. Ala.
High Point, N. C.

... Fairmont. W. Va.
Lapeer, Mich.
Cedar Rapids, Iowa

1500
1970
1310
1210
1230

900
1420
1210
1370
1200

000
1200
600

.1

.1
.1
.1

1.

.1

.1

.1

.1

.3

1.W GST Atlanta, Ga 890 .5W GY Schenectady, N. Y. 790 50. WNAC Roston, Mass. 1230 I.WNAD Norman, Okla 1010 1.W H A
WHAM
W H AS
WHAT
W H AZ
W H B
W H BC
WHBF
WHBI
WHBL
W H BQ
WHBU
W H BY

ifatlison. Wis.
. _ itncliester, N. Y.

Louisville, KY.
Philadelphia. Pa

...  Troy, New York
Kansas City Mo.
t'anton, Ohio
Itgk Island, Ill.

.Newark, N. J.
shuloygan, Win.
Memphis, Tenn.
Stolerson, Ind.
Green Ray, Wit

940
1150

820
1310
1300

800
1200
1210
1250
1410
1379
1210
1200

2.5
50.
50.

.1

.5
1.

.1

.1
1.

.5

.1

.1

W NA X
W NBC
WNBF
WNBH
W N BR
WNBX
WNBZ
WNEL
WNEW
W NOX
WNRA
WNRI
WNYC

_Yankton, R. Dak.
New Britain, Conn.
Binghamton. N. Y.
New Bedford, Mass.
Memphis. Tenn
qPrIngfleld. Vt.
Saranac Lake, N. Y.
can Juan. Puerto R191
Newark. N. J.
Knoxville, Tenn.
Nnusele Shoals. Ala.
Newport, R. I.
New York, N. Y.

570
1360
1500
1310
1430
1260
1290
1290
1250

500
1420
1200

810

1.
.25
.1
.1
.5

1.
.1
.5

1.
1.

.1

.1
1.WHDF Calumet. Mich. 1970

.1
.1W H D H . . Boston. Maas. 830 W OA I San Antonio. Tee. 1190 50.WHDL Olean, N. Y. 1420 .1 WOC Davenport, Iowa 1370 .1W HEB Portsmouth, N. U. 740 .25 WOCL Jamestown. N. Y. 1210 .05WHEC Rochester, N. Y. 1490 .5 W 0I Ames. Iowa 640 5.WHEF Kosciusko. Miii. 1500 .1 WO KO Albany, N. Y 1430 .5WHFC Cicero, Ill. 1420 1 W 0 L Washington, II C. 1310 .1
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Call Location Kc. Kw.
WOMT Manitowoc.. Wis. 1210 .1WOOD Grand RaPids, Mich. 1270 5
W OP I Bristol. Tenn. 1500 1W OR Newark, N. J. 710 50.WORC Worcester, Mass. 1280 .5WORK York, Pa 1320 1
W OS Jefferson City. Mo. 630
WOSU Columbus, Ohio 570 75
WOV New York, N. Y. 1130 1.WOW Omaha, Nebr. 599 1.WOW 0 ...,,Ft. Wayne, Ind. 1160 10.

WPFB

.1Charlotte.

5cumberland.

W PA D Paducah, K 1420 .1WPAR Parkersburg.y. W. Va. 1420 .1
W PA X Thomasville, Oa. 1210 .25W PA Y Portsmouth, Ohio 1370 .1WPEN Philadelphia, Pa. 920 25

Hattiesburg, Miss 1370 .1W PG Atlantic City, N. J. 1100 5.WPHR Petersburg. Va. 880 .5W PRO Providence, R. 1. 630 .25WPRP Ponce. P. R. 1420 .1WPTF Raleigh, N. C. 680 1.

WQAM Miami, Fla. 560 1.
Ww Scranton Pa. 880 .25oQABc11

Vicksburg, Miss. 1300 1.WQDM St Albans, Vt. 1370 .1

WRAK Williamsport. Pa. 1370 .1W RAW
WRAX

Reading, Pa.
Philadelphia, Pa.

1310
920

.1
.25WRBL Columbus, (la. 1200 .1WRBX Roanoke, Va. 1410 .25

WRRCD
Washington, D. C. 930 .5W 0 Augusta, Maine 1370 .1

Ww RR DEoW . Augusta. Ga. 1500 .1
Memphis, Tenn. 600 1.WREN Lawrence, Kansas 1220 1.WRGA Rome, Ga. 1500 .1WR1N

W
Racine, Wis.
Rockford, Ill.

1370
1410

.1
.5W ROL Knoxville, Tenn. 1310 .1

WWRBIto Dallas, Texas 1280 .5
WRVA

Gainesville, Fla.
Richmond, Va.

830
1110

5.
5.

WSA I Cincinnati, Ohio 1330 1.WSA1 Grove City, Pa. 1310 .1WSAN Allentown, Pa. 1440 .5WSAR Fall River, Maas. 1450 .25WS/a Huntington, W. Va. 1190 1.WSB
WSBC
WSu1T
WS FA

Atlanta, Oa.
Chicago, III.
South Bend, Ind.
Montgomery, Ala.

740
1210
1360
1410

50.
.1
.5
.5WSGN

W 81 X
WSJS

Birmingham, Ala.
Svoir, I, snti tor Inelsda,

leTn27IINL. C.

1310
1210
1310

.1

.1

.1WSM Nashville, Tenn. 650 50.WSMB New Orleans. La. 1320 1.

WSOCWSMK

Dayton, Ohio
N. C.

1380
1210

.2

.1WSP A Spartanburg. 8. C. 920 1.WSP I)
WSU I

Toledo, Ohio
Iowa City, Iowa

1940
880

1.
.5WSU 11Petersburg,

WSVA
St. Fla.

sonIlarriburg. Va. 620
550

1.
.5WSVR , Buffalo, N. Y. 1370 .05WSYB Rutland, Vt. 1500 .1WSYR Syracuse, N. Y. 570 .25

W TAD Quincy. III. 900 .5
1

W TA SI

. Worcester. Mass.
Tallahassee, Fla.
Cleveland, Ohio

580
1310
1070

.5

.1
50.

Fan Claire, Wis. 1330 1.WTAR Norfolk, Va. 780 .5WTAW College Station. Texas 1120 .5WTAX Springfield, III. 1210 .1WTBO bid. 900 .25
WTCNTEL

WTFI

Minneapolis, Minn.
Philadelphia, Pa.
Athens. Ga.

1250
1310
1450

1.
.1
.5WTIC

WTJS
W TM.'

Hartford, Conn.
.Jackson, Tenn.
illwaukee, Wis.

1040
1310

50.
.1

1.

WWITNN1V

WTOC
WT RC

East St. Louis, III.
Trenton, N. J.
savannah, Ga.
Elkhart, Ind.

1500
1280
1260
1310

.1

.5
1.

.05

WV F W Brooklyn. N. Y. 1400 .5

WWAE Hammond. Ind. 1200 .1WWC SnarlalibUrg, S. C. 1420 1.WW1 Detroit, Mich. 920 1.WW L New Orleans, La. 850 10.
W W NC . .. _Asheville, N. C. 570 1.WWRL Woodside. N. Y. 1500 .1W WSW .... Pittsburgh, Pa. 1500 .1WWVA Wheeling, W. Va. 1160 5.

W X YZ Detroit, Mich. 1210 1.

PLEASE NOTE

These station lists have been
thoroughly checked for accu-
racy. However, since short-
wave stations change their call
letters or frequencies quite
often and there are frequent
changes in broadcast stations,
the editors suggest that you
follow RADIO NEWS for

changes.
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United States Time Signals

THE
standard time for the United States

is derived from star observations made
at the U. S. Naval Observatory, Washing-
ton, D. C. After the necessary corrections
have been applied, signals from a trans-
mitting device are sent by wire to the
radio stations at Arlington, Virginia,
(NAA), and Annapolis, Md. (NSS),
where they are automatically broadcast by
radio. The signals begin 5 minutes before
the hour and consist of dashes. Beginning
exactly on the hour a much longer dash
is sent.

These time signals, if received directly
and automatically are seldom in error by
as much as 0.10 second. The average error
is generally less than 0.02 second. The
signals from NPG are broadcast from a
clock, located at Mare Island, which is
first synchronized with the signals from
Arlington. NBA and NPM relay the sig-
nals received from Arlington. NPO trans-
mits signals from a clock at the Manila
Central Observatory. These signals are
independent of Arlington and the errors
may be somewhat greater than for the
other stations.

All of the naval time signals are suffi-
ciently close for ordinary commercial use.
The times given below are those of the
final signal of the series. All time is

Eastern Standard. Subtract one hour for
Central Standard, two hours for Mountain
Standard, three hours for Pacific Standard
and add five hours for Greenwich Mean
Time.

Time Kc. Call Location
'1 a.m. 113 NAA Arlington. Va.
1:30 am 8090 NPM Honolulu. T.H.
2 a. in 113 NAA Arlington, Va.
3 a to. 17.8 NSS Annapolis. Md.

46 NBA Darien, Canal Zone
113 NAA Arlington, Va.

9050 NAA Arlington, Va.
4 a.m. 113 NAA Arlington. Va.
5 c m. 113 NAA Arlington, Va.
8 a.m. 113 NAA Arlington. Va.
7 a.m. 113 NAA Arlington, Va.
8 c m. 113 NAA Arlington, Va.
9 a.m. 42.8 NPG San Francisco, Calif.

108 NPG San Francisco. Calif.
12885 NPG Ban Francisco, Calif.

10 a.m. 113 NAA Arlington, Va.
12 Noon 17.8 NSS Annapolis, Md.

48 NBA Darien. Canal Zone
113 NAA Arlington. Va.

698 NAA Arlington. Va.
8410 NAA Arlington. Va.

12615 NAA Arlington. Va.
16820 NAA Arlington, Va.

p.m. 113 NAA Arlington. Va.
2 p.m. 113 NAA Arlington. Va.
3 p.m. 113 NAA Arlington, VIA
4 p.m. 17.8 NSS Annapolis, Md.

113 NAA Arlington. Va.
9050 NAA Arlington, Va.

4:30 p.m. 16180 NPM Honolulu. Hawaii
5 p.m. 113 NAA Arlington. Va.
6 p.m. 113 NAA Arlington. Va.
7 p.m. 17.8 NSS Annapolis, Md.

42.3 NPG San Francisco, Calif.

Call Location
108 NPG
113 NAA

9050 NAA
12885 NPG

Kc. Kw.
San Francisco. Calif.
Arlington, Va.
Arlington. Va.
San Francisco, Calif.

8 p.m. 113 NAA Arlington. Va.
9 p.m. 23 9 N PO Cavite, P. I.

9050 NPO Cavite, P. I.
9:30 p. m 8090 NPM Honolulu, HAWAII

10 p.m. 17 NSS Annapolis, Md.
46 NBA Darien, Canal Zone

113 NAA Arlington. Va.
690 NAA Arlington, Va.

9050 NAA Arlington, Va.
12 p.m. 17 8 NOS Annapolis. Md.

42.8 NPM Honolulu, T.H.
Time Kc. Call Location

108 NPG San Francisco. Calif.
113 NAA Arlington. Va.

4525 NAA Arlington, Va.
8590 NPG Ban Francisco, Calif.

12:80 p.m. 56 NPO Cavite. P. I.
8872 NPO Cavite. P. I.

17744 NPO Cavite. P. I.

Accurate time signals are also trans-
mitted through experimental station
W9XAM, located at Elgin, Ill., by the
Elgin National Watch Company. This sta-
tion operates on 4797.5 kc., with a crystal
controlled 500 -watt transmitter, on the fol-
lowing schedule (Central Standard Time):

7:55- 8:00 a.m. daily except Sunday
8:55- 9:00 cm. daily except Sunday
9:55-10:00 cm. daily except Sunday

11:55-12:00 cm. daily except Sunday
1:55- 2:00 p.m. daily except Sat.. Sun.
9:55-10.00 p.m. daily except Sunday

These transmissions are especially con-
venient to owners of short-wave receivers.

World Short -Wave Stations
(All Time is Eastern Standard Time)

Meters Call Kc Location Kw Service, etc. Meters Call Sc
10.06 1AF 29,817 Fiumicino. Italy 5.0 Exp. 15.87 Z88 18.890

13.45 (MU 22,291 Rugby, England Phone 15.92 PIX 18.830

13.91 XGBA 21,550 Shanghai, China 18.5 Broadcast 16.05 ()CI 18.680

19.92 VK3LR 21,540 Lyndhurst. Australia Broadcast 16.10 OBJ 18,620

13.92 W8XK 21.540 Pittsburgh, Pa. 40.0 Broadcast; relays 16.10 GAIT 18,620

KDKA
13.93 GSJ 21,530 Daventry, England 15.0 Broadcast 16.12 PDM 13,600

13.96 (1811 21,470 Daventry, England 15.0 Broadcast 18.27 HJY 18,440

14.00 W2XDJ 21,420 Deal, N. J. Exp. 16.18 PCM 18.535

14.00 WKK 21,420 Lawrenceville, N. J. 20.0 Phone to LIIN 16.29 PCX 18.400

14.00
14.19

WI.O
Kill

21,420
21,140

Lawrenceville. N. J.
Manila, P. I. 10.0

Transatlantic phone
Phone

18.34
16.34

ZLW
FZEI3

18,350
18,345

14.24
14.24

WKA
KWN

21,420
21,060

Lawrenceville. N. J.
Dixon. Calif. &O

Phone to England
Phone

16.35
16.38

WLA
YVQ

18,940
18.295

14.27 ESN 21,020 Buenos Aires, Argentine Phone to WLO, 8 a.m. 16.43 FRO.FRE 18.240

4 p.m. 18.45 KUS 18,220

14.27 OKI 21.020 Podebrady, Czechoslovakia Phone 16.47 GAW 18.200

14.37 EHY 20,860 Madrid. Spain 7.5 Phone to Buenos Aires 16.53 PMC 18,135

14.40 KSS 20.820 Bolinas, Calif. 40.0 Phone
14.43 KMM 20.780 Bolinas, Calif. 40.0 Phone 16.55 LSY3 18,115

14.48 LEY 20,700 Buenos Aires. Arg. 10.0 Phone
14.49 MX 20.680 Buenos Aires. Arg. Phone to USA 16.56 GIIK 18,100

14.49 LSN 20.680 Buenos, Aires, Arg. Phone to Europe after
10:30 p.m. 16.62 KGB 18.040

14.57 PMB 20.580 Bandoeng, Java 60.0 Phone to l'CK 16.64 KQJ 18,020

14.71 GBA 20.380 Rubgy, England 15.0 Phone to ships and LEIN 16.66 PLE 18.000

14.88
14.98
14.97
15.01
15.03
15.07

DWG
OPL
DHO
KAX
DM
LSO

20,140
20.040
20,028
19,980
19.950
19,900

Nauen, Germany
Leopoldville. Belgian Congo
Nauen, Germany
Manila. P. I.
Nauen, Germany
Buenos Aires, Are.

7.2
20.0

7.0

Phone to LSG
Phone to ORG, morn.
Phone
Phone to Dixon
Phone
Phone to France

16.87
16.69
16.78
16.90
18.84
16.84

KQG
KQZ
OEV
PLF
XGOX
PCV

18,000
17.980
17.870
17.850
17,800
17,800

15.10
15.12
15.13

15.21
15.23

WMI
P'TD
WEIN

EAQ
CEC

19.850
19,830
19.820

19,720
19.680

Deal, N. J.
Ste. Assize. France
Lawrenceville, N. J.

Madrid. Spain
Santiago, Chile

20.0

10.0
4.0

Phone
Phone
Phone to England,

8 a.m.-4 p.m.
Phone to Latin Am.
Phone to LIM. 11.1Y

16.85
16.85
16 86
16.86
16.88

XGBB
G80
W3XAL
W9XAA
W8XK

17,790
17.790
17.780
17.780
17.780

15.49 PMA 19.345 Bandoeng, Java 40.0 Plume. sometimes
broadcast

16.87 PHI 17,775

15.57
15.58

PPU
DFA

19.260
19.240

Rio de Janeiro. Brazil
Nauen, Germany

13.5 Phone to France
Phone to XDA

16.88
16.89

DJE
IAC

17.760
17,750

15.60 WKF 19.220 Lawrenceville. N. I 20.0 Phone to England 16.90 IISP 17.740
15.61 ORG 19.200 Ruysselede, Belgium 8.0 Phone 16.93 }MARA 17,713

15.74 JVC 19,050 Nazaki, Japan ... Phone. sometimes
broadcast

17.00 OFWV
GLSCI

17.640

15.76 WKW- (1101.1

W2X111 19,020 Rocky Pt. N. Y. Tests. mornings OTSD
15.97 WDS 18.892 Rocky Pt., N. Y. Phone (UY

Location
Kilpheuvel, S. Africa
Bandoong, Java
Lima, Peru
Bodmin, Eng.
Rugby, England

Kootwilk, Holland
Bogota. Colombia
Kootw ilk, Holland
HootwUk, Holland
Wellington, New Zealand
Saigon. Indo China
Lawrenceville, N. J.
Maracay, Venezuela
Ste. Assise, France
Manila, P. I.
Rugby, England
Bandoeng, Java

Buenos Aires, Arg.

Bodmin, England

Bolinas, Calif.
Bolinas, Calif.
Bandoeng, Java
Donnas. Calif.
Bolinas. Calif.
Vienna, Austria
Bandoeng, Java
Nanking, China
KootwiJk, Holland

Shanghai, China
Daventry, England
Bound Brook, N. J.
Chicago. Illinois
Pittsburgh, Pa.

Iluizen, Holland

Koenigswusterhausen, Ger
Coltano, Italy
Bangkok, Siam
Medellin, Colombia
8.8. Majestic
8.8. Olvmnic
S.S. Homeric
B.S. Monarch of Bermuda
8.8. Minnetonka

Kw Service, etc.
5.0 Phone to GAA

60.0 plum° to Dison, Calif.
Phone
Phone to Montreal

15.0 Phone to WMI, 6 a m.-
2 a.m.

Phone
Phone CEC, LSR
Phone
Phone
Phone to VKIME

15.0 Phone
20.0 Phone 8 a.m.-4 p.m.

Phone
30 0 Phone
10.0 Phone
150 Phone

40.0 Phone. sometimes
broadcast

10.0 Phone, sometimes
broadcast

Phone to CGA, 6 a.m.
-3 am.

40.0 Phone
40.0 Phone, transpacific

Phone
40.0 Phone
40.0 Phone

. Phone
... Phone

Broadcast
40.0 Phone to Java, 6 a.m.

-9 a.m.
Phone

15.0 Broadcast
15.0 Broadcast
0.5 Exp.
40. Broadcast; relays

KDKA
20.0 Broadcast, summer

months
9 Broadcast

14.0 Phone; early mornings
20,0 Phone

Broadcast
Phone
Phone

... Phone... Phone

... Phone
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Meters Cali tic Location Senice, etc.
17.00
17.11

GkIIIJ
DFB

17.640
17.520

S.B. Empreu of Britain
Nauru, Germany i Phone

Phone
17.11 VWY 17.510 Kirke°. India hone.P
17.23 J1AA 17,400 Kentikawa.tho. Japan Phone to Australia
17.33 W3XL 17.310 Bound Bradt. N. J. 20 0 Exp.
17.33 W6XAJ 17.300 Oakland. Calif. .. Exp.
17.33 WM. 17.300 Dayton. Ohio ... Exp.
17.33 W.11CCU 17.300 Ampere. N. J. ... Exp.
17.33 VMBY 17.300 London, Out., Canada ... Exp.; in.
17.37 DAP 17.260 Norddeich. Germany 5.0 Phone :9:15 a.m.. irr.
17.50 HAILS 17.122 Szekesfehervar, Hungary Broadcast
17.51 WOO 17,110 (beau Gate. N. J. 20.0 Phone
17.55 (1,1C 17.089 Rugby. England 5.0 Phone
18.06 DAN 16,665 Norddeich, Germany Tests with shim
18.36 VLK-

VK2ME 16,330 Sydney Australia 3.5 Phone
18.39 PCL 18.300 Kutaw Gk. holland Plione to Itandoeng
18.43
18.47
18.49

WLK
KTO
1%113

16,270
16,240
16.214

Lawrenceville. N. J.
Manila, P. 1.
Saigon. French hide China

200

15.015.0

14:bu::: to England
Phone
Phone

18.54 PSA 16,162 Itio de Janeiro. Brazil broadcast
18.55 011X 16.150 Rugby. England ... Phone to VE251E,

4-11 p.m.
18.70 KKP 16.030 Kahuku, Hawaii 40.0 Phone to KWO. 2-7

P.m.
18.77 K4111 15,985 Kaliuku, Hawaii 40.0 Phone
18.80 PLO 15,950 Bandueng. Java Phone: afternoons
18.88 FYK 15.880 Ste. Anise, France 30.4 l'hune to Saigon
18.91 CEC 15.855 Santiago, Llaile 0.8 Phone
19.03 JYT 15.760 KeuakawaChu, Japan 5.0 Relay broadcast and

tests
19.14 IMF 15.670 Buenos Aires. Arg. Phone
19.15 JVE 15,660 fiazakl, Japan Phone; occasional

broadcast
19.20 3E8 15.620 °saki, Japan Phone; sometimes

broadcast
19.20 JVF 15.620 Nazaki, Japan Mom , sometimes be.
19.35 KEM 15,490 Bolinas, Calif. 40.0 Phone
19.37 KKL 15.475 Donnas. Calif. 40.0 Phone
19.39 KKR 15.460 Bolinas, Calif. 40.0 Phone
19.40 15.454 Punkas°. France Phone; 7-11 a.m.
19.42 PRADO 15.440 Riobamba, Ecuador Phone
19.43 KWE 15,430 Bellits. Calif. 40 0 Phone
19.45 KWO 15.410 Dixon, Calif. 20.9 Phone to Ilawall,

2.7 p M.
19.51 HAS3 15,370 Budapest. Hungary 20 0 from cast
19.54 KWU 15,355 Dixon. Calif. 20.0 Phone to Hawaii,

2-7 p.m.
19.55 CT1AA 15.310 Lisbon. Portugal Itroadcut
19.55 DJR 15,340 Zeesen, Gowan), 50.0 Testing
19.56 V2XAD 15.330 Schenectady, N. Y. 20.0 Br. ; relays Wu V
19.60 CP7 15.300 La Paz. Bolivia 1.0 Phone
19.60 OXY 15,300 Skamlebaek, Denmark Exp.
19.62 DJQ 15.280 Zeesen. Germany 50.0 ltroadcast
19.64 W2XE 15.270 Wayne, N. J. 15.0 Broadcast
19.65 (7141 15,260 Daventry, England

5.0
Broadcast

19.67 W 1 X AL 15,250 Boston, Maas. Itroadcast
19.67 FYA 15.243 Pontolse. France 12.0 ltroadcast
19.70 PCJ 15.220 Eindhoven. Holland

ElP;19.72 W8XIC 15,210 Pittsburgh. Pa. 4121000 Re.;e. relays KDKA
19.72 11.111 15.200 ?Resell, Germany 5.0 Broadcast
19.73 VE9111A 15.190 Montreal. Que. ItroaM.ast
19.80 GSF 15.140 Daventry, England 15.0 Broadcast
19.82 VE9DN 15,130 Montreal. Que. Broadcast
19.83 IIVJ 15.123 Rome. Italy 1.0.0 Itc.; 5-5:15 a.m. daily
19.85 DJL 15,110 Zeesen, Germany Broadcast
19.86 RAU 15,104 Tashkent. U.S.S.R. 20.0 Phone
19.90 TI4NRII 15.075 Heredia, Costa Rica Broadcast
19.91 WNC 15,055 Hialeah. Florida 0.4 Phone
19.93 RK1 15,040 Moscow. U.S.S.R. 20.0 Phone; morn., Ira.
20.04 KAY 14.980 Manila. P. I. 40.0 Phone to Dixon, 8 a.m
20.06 111.1A3 14.940 Barranquilla. Colombia Phone to Colombia.

Panama. Costa,
Rica; 6:30 a.m.-
6:30 p.m.

20.08 HJB 14,830 Bogota. Colombia Phone
20.27 WKU- 14,830

W2JCIIJ Rock, Pt.. N. Y. 40.0 Tests; daytime
20.50 XDA 14.630 Mexico. D. F. Phone
20.54 JVII 14.600 Nazakl, Japan Phone
20.55 WMN 14,590 Lawrenceville, N. J. 20.0 Phone to England;

daylight
20.63 11113 14,535 Geneva. Switzerland 20.0 Phone
20.64 LSN 14.530 Buenos Aires. Arg. ... Phone
20.68 TIN 14.500 Cartago, Costa Rica Phone to WNC
20.68 TOP 14,500 Guatemala City Phone to WNC
20.69 LSN 14.490 Ituenos Aires, Art. Phone In.
20.70 11PF 14.485 Panama City 25.0 Phone to WNC
20.71 YNA 14,480 Managua, Nicaragua Phone to WNC
20.76 (111W 14.440 Rugby, England 15.0 Phone20.79 VPD 14,420 Suva. Fiji Is. Phone21.52 YOI 13,940 Bucharest. Roumania Itroadeut
21.53 WIK 13.925 Rocky Point. N. Y. Phone21.57 WQP 13.900 Rocky Point. N. Y. Phone to RNE21.62 WIY 13,870 Rocky Point. N. Y. Testa. ler.
21.71 SUZ 13,811 Abu Zabal. Egypt 1.0.6 Phone
21.76 KKW 13.780 Bolin's. Calif. Phone
21.79 CGA 13.740 Drummondville, Que. Phone

e21.90 KKZ 13.690 Itollnas, Calif. 40.0 Phone
21.90 HAT 13.685 Szekesfehervar, Hungary 5.0 Broadcast
22.02 JYK 13,610 Kemikawa-Cho. Japan Broadcast and tests22.06 GBC 13,591 Rugby. England Phone to COA & shine22.24 WAJ 13.480 Rocky Point, N. Y. ET0.22.29 GBQ 13.450 Rugby, England i0 0 Phone22.34
22.39

TIEP
4,VMA

13.420
13,190

San Jose. Costa Rica
Lawrenceville. N. J. 20. 0

Proadeut
Phone22.47 VGA 13.340 Drummondville. Que. Phone22.47 YVQ 13.340 Maracay. Venezuela Phone22 56 CGA3 13,285 Montreal. Que. 150 Phone to ships"_2.64 KM 13.240 Manila. P. I. 4 0 Phone32.66 GFWV 13,230 S S. Majestic PhoneGLs0 S S. Olympic PhoneGDLI S S. Homeric PhoneIITSI) 8.S. Monarch of Bermuda PhoneGKFY S. 8. Minnetonka Phone

Meters Call tie
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Location Kw Service, etc.
OMBJ S.S. Empress of Britain Phone

22.71 OUP 13,200 Ituysselede, Boletus Phone
22.92 VPIA 13.080 Suva, Fiji Islands broadcast
28.00 DDAC 13,090 8.8. Europa Phone

DDAM 8.8. Bremen Phone
DIME B.S. Berlin Phone
DUCE H.S. Columbus Phone
DLICO B.B. Resolute Phone
DIICP 8.8. Cap Pulonlo Plume
LUDT 8.8. Deutschland Phono
DDDX S.S. Hamburg Phone
DDEA 13.8. Cap Amnia Phone
BLED 8.8. New York ... Phone
DOFF M.S. 1/01111104) ... Phone
DUST B.B. Oceans Phone

23.10
DI)NY
DIV 12,980

S.B. Albert Rallln
Germany PbrPhone

29.19 VEX 12,931 Vienna. Austria Phone
23.35 WOO 12,840 Ocean Gate, N. J. 20.0 Phone to shins
23.37 CNR 12.1430 Rabat, Morocco 12.0 Broadcast; Sundays
23.43 IAC 12.795 Cultana, Italy 52.0 Phone to Tripoli
13.46 (IBC 12.780 Rugby, England 5.0 Phone
23.51 DAY 12.745 Nortideich, Germany 5.0 Phone to ships
24.19 CTIO0 12.396 Paretle, Portugal " Broadcast
24.29 EMU 12.345 8clumner Seth Parker ... Phone
24.39 ZLT 12.295 Wellington. New Zealand 1.0 Phone to Australia
24.39 PLM 12.295 Itanduens, Java ... Phone to VLK
24.40 KLW 12.290 Wellington. New Zealand
24.40 011U 12.:2.10 Rugby, England PPlmn'ehoo to WMI
24.46 FTN 12.260 Ste. Anise. France 30.0 Phone
24.48 G 8 12.250 Rugby. England ... Phone
24.48 PL31 12.250 Bandueng, Java ... Phone to Holland
24.60 VIM 12.190 ?drama. Sumatra 2.5 Phone
14.69 0.43 12.150 Rugby. England 15.0 Phone to USA
24.69 FQ0, FQM 12,1;o0 Ste. Assise. aroma ... Phone
24.74 8UV 12.120 Cairo. Egypt Phone
24.78 CJA4 12.100 Drummondville. Que. 15.0 Tests VIY-

VK3SIE
24.87 PDV 12,060 KoetwiJk. Holland 60.0 Phone
24.90 NSS 12.015 A 'mated is. Maryland  . Time signals. 10 p In
24.90 NAA 12.045 Arlington. Virginia Time signals. noon
24.93 11110 12.030 Geneva, Switzerland 20.0 Phone
24.93 or CT 12.028 Lisbon, Portugal 0.5 itroadcast
24.95 VIY-

VK3ME 12.020 Melbourne. Australia Teets with CJA4
Drummondville

24.99 RW59 12.000 Moscow, U.S.S.R. Badcast,Elun. ;Wed.
TUNE Moscow. U.S.S.R. Phone

25.01
25.10

10182
KKQ

11,991
11.950

Saigon, French 111d0 C1111111
Itolinas, Calif.

122500 0:

40 0
Phone to FTK
Phone

25.12 FTA 11.950 Ste. Assign, Francs 30.0 to Rabat
25.20 XGOX 11.900 Nanking. China ... Broadcast
25.22 FVA 11.891 Pontolse, France . Broadcast
25.24 W9XF 11.880 Chicagt, . Be.; relays WENR
25.26 W8XK 11.870 Pittsburgh, Pa. 40.0 Ile : relays KDKA
25.26 VtIC 11.870 Calcutta, India 3.0 Broadcast
25.28 VK9CA 11.800 Calgary, Alta. Broadcast
25.28 GSE 11,860 Daventry, England 20.0 Broadcast
25.31 DJ l' 11.855 Zenon. Germany 50.0 Exp.
25.33
25.34

KZIIM
VE91IX

11,840
11.835

Manila. P. I.
Halifax. N. S. 6.0

BroadcastBe.:
reays fl I NS

25.35 W9XAA 11.830 Chicago. Illinois 0.5 Be.: relays WCFL
25.35 W2XE 11.830 Wayne. N. J. 5.0 Be.: relays WABC
25.39
25.39

1280
VE9GAV

11.810
11.810

Rome. Italy
ltowmanvi lie. Ont.

9.00.5tBroadcast
1

25.41
25.42

OER3
DJO

11.1301
11,795

Vienna, Austria
%MICH. Germany 50.050

25.43 W1XAL 11.790 Boston. Mass.

opaa:Broadcast

25.43 TITR 11,790 San Jose, Coeta Itica . Broadcast
2.5.45 VE9DN 11.780 Drummondville. Que. Broadcast
25.45 VE9DR 11,780 Dnimmomitalle, Que. Evp.
25.48 MID 11.770 %easel!. Germany 5.0 Broadcast
25.50 XDA 11.760 Mexico. I). F.
25.52 GEM 11.750 Daventry, England Broadcast
25.56 P111 11.730 Hutson. Holland 20 0 Ile.; winter months
25.57 FYA 11.725 l'ontolse, France 15.0 Broadcast
25.59 CJRX 11.720 Middlechurch, Man. 2.0 Broadcast
25.61 HJ4ABA 11.712 Medellin, Colombia 5
25.64 YV2BC '11.695 Caracas. Venezuela

.00

25.64 YVQ '11.695 Maracay. Venezuela
25.67 KID 11.680 Kabuhu, Hawaii 40.0 Phone to Itolinas
15.70 P PQ 11,670 Rio de Janerio. Brazil 5.0 Exp.; Irr., evenings
26.10 ORK 11.490 Bodmin, England Phone
26.14 IBDK '11,470 B.S. Electra, Marconi's Yacht Exp.
26.44 DAN 11.340 Norddeich, Germany Time signals; 7 a.m.,

7 p.m.
26.80 XAM 11,107 Merida, T111111/111 Tests with XDA
26.02
27.26

CT3AQ
l'LP

11.100
11.000

Funchal. Madeira
Itamlneng..10,11 o 14531 Phone; ncca. be.

27.29 ZLT 10.990 Wellington, N. Z. Phone to Austra. morn
27 03 AFL 10.850 Nation, (iermany ]'hone
27.66 KWV 10.040 Dixon. Calif. 20 0 Phone to Hawaii
27.84
27.92

(111P
JVM

10.770
10.740

Rugby. England
Nazaki, Japan 15.0 P Phone.hne occasional be. :

relays JOAK
28 09 WNP 10.675 Lawrenceville. N. J. (415 Phone,noe to Bermuda:day
28.10 CEC 10.670 Santiago. Chile
28.12 JVN 10.660 Nazaki. Japan Be. ; relays :OAK
28.20 PLR 70.630 Ilandoeng, Java . Phone to Holland and

Franca
28.23 WEF 10.020 Rocky Point. N. Y. 400 0 Phone to toEurope
28.29 EDN.EDX 10.613 Madrid. Spain 5 n Phone
28.25 WEA 10.610 Rocky Point. N. Y. r.
2832 FYIt 10.578 Paris, France Time sgnal!! nt 5:28

m. and 8:26 p.m.28 42 WOK 10.550 Lawrenceville. N.J. Phone
28.44
20 75

VLK
MO

10 525
10.430

Sydney. Anatralia
Medan. Sumatra

Phone
Phone. occasional be.2R 77 XGW 10.420 Shanghai. China 20 Phone

26 79 PInK 10.415 Irootwilk. Holland 60 0 Phone
28 80 KES 10.410 Bolinas. Calif. 40 0 Phone
28 80 LSY 10.410 Buenos Aires, Ara. Phone
2R 143 NEZ 10 400 1)Ixen. Callf. 040 Phone; Ire. early morn.28 80
28.86

KElt
(MX

10.390
10.390

Bolinas. Calif.
Rugby. England " !I

Phone
Phone
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Meters Call
28.88 Wall
28.97 LIM
29.01 ZFD
29.03 ORK
29.11 L8L
29.14 11PC
29.14 13143

29.22 PMN
20.34 PSI!
29.39 CM1111
20.50 DUAL

DDAS
DDIIR

Kc
10.380
10.350
10.335
10,330
10.300
10,290
10,290
10.260
10.220
10,200
10.160

Location
Rocky Point. N. Y.
Buenos Aires. Ant.
Hamilton. Bermuda
Ruyseeletle. Belgium
Buenos Aires. Ant.
Panama City
Nauen, Germany
Bandueng, Java
Rio de Janerio. Itruil
Sanctus Spiritus, Cuba
B.S. Europa
8.8. Bremen
8.8. Berlin

Kw
4.0

12.0
1.5

11.0
5.0

 
12.0
.

Service, etc.

Phone; exp.
Phone
Plume
Broadcast
Plomo La, Europe
Phone
Phone to Sidney
Phone; occasional bc.
Phone
Broadcast
Phone
Phone
Phone

DDCB 8.8. Columbus . Phone

DDCG 8.8. Resolute Phone

DDCP 8.8. Cap l'ulonlo Phone

DDDT B.S. Deutschland Phone

DDDX B.S. Hamburg Phone

DDEA 8.8. Cap Aroma Phone

DDED B.S. New York Phone

DUFF 8.8. Reliance Phone

DI/FT 8.8. Oceans Phone
DDNY 8.8. Albert Bailin Phone

29.57 OI'M 10.140 Leopoldville. Belgian Congo la.0 Phone to ORK
29.77 EIIY 10.079 Madrid. Spain 111.0 Esp.
29.84 ZFIt 10.055 St. George. Bermuda 1.5 Phone to WNII
29.84 13171, 10.055 Abu Zabel. Egypt 10.0 Phone to GAA
29 89 OER 10.033 Vienna. Austria Phone
29.98 10.0)10 Belgrade. Yugoslavia 2 5 Itroaricast
30.01 KAZ 9,990 Manila. P. I. to 0 Phone to PIN, noon.
30.09 LtilL 9.964 Buenos Aires, Arg. Phone
30.10 IRS 9.960 Rome, Italy 15.0 Phone
30.13 GC1.1 9.950 11061/Y. England 15.0 Phone
30.19 IIKB 9,930 Bogota, Columbia Phone
30.19 YIIF 9.930 Medan. Sumatra 1.0 Phone
30.19 IIJY 9.9:10 Bogota. Colombia Phone to OCI
30.26 CGA5 9.905 Drummondville. 4311e. Testa with Rugby
30.32 LSN2 9,890 Buenos Aires. Arg. 5.0 Phone to Europe am!

USA
30.38 %VON 9,870 Rocky Point, N. Y. 10 0 Phone to England
30.41 EAQ 9,860 Madrid. Spain 20.0 Broadcast
30.47 JYS 9.810 limn Maw a -Cho. Ja pa 10.0 Broadcast and test,
30.47 FYI 9,810 Ste Assise, France 15.0 Phone

30.50 I.S1 9.830 Ituenoe Aires, Arg. 10.0 Phone
30.53 IBM 9,820 Rome. Italy 21 0 Phone; relays

I1R0 occasionally
30.63 GCW 9.790 Rugby. Eligland 15 0 Phone
31.07 12110 9.810 It , Italy Broadcast
30.72 V14 9,760 Sydney. Australia

50 Pp nn30.75 WOF 9.750 Lawrenceville, N. J. 2311.
e°cio

30.88 GCA 9.710 Rugby. England 10.0 Phone; evenings
30.91 WMI 9.700 Deal, N. J. ... Phone
30.91 LQA 9.700 Buenos Aires. Ars. Phone
30_97 TI1NRII 9 IMO lieredia. Costa ItIcit Broadcast
31 10 11141'2 9.640 Bangkok, Siam . Broadcast
31.17 UGC 9 620 Natien. Germany Phone to Egypt
31.18 VQ7L0 9.616 Nairobi Kenya. Brit. E. Africa Broadcast
31.23 LQA 9.800 Buenos Aires. Arg. Phone
31.23 LGN 9.800 Bergen. Norway Phone
31.23 CTIAA 9.800 1.1stion, Portugal 0 Broadcast
31.23 XETE 9.61)0 Mexico City, D. F. Broadcast
31.26 WKJ 9.590 Rocky Point, N. Y. Phone
31.26 W3X.tU 9.590 Philadelphia. Pa. 1 0 Br. : relays WCAI7
31.26 V1:251E 9.590 Sydney. Australia 20.0 Broadcast; Sundays
31.26 I1P5J 9.590 Panama City Broadcast
31.28 TIRA 9.590 Cartago. Costa Rica Broadcast
31.28 MIL 9.585 Geneva. Switzerland 18.0 Broadcast
31.30 XGBD 9.580 Shanghai, China 18.5 Broadcast
31.30 V E91/1t 9,580 Montreal. Que. Exp.
31.30 GSC 9.580 Ilmventry. England 20 0 Broadcast
31.30 VIC3LR 9.580 Lyndhurst. Vic.. Australia 20 0 Proadcaat
31.32 LKJ1 9.572 Jeloy, Norway Exp.
31.33 W1XK 0.570 Springfield, Mass. 10.11

31.33 KZIIM 9.570 Manila. P. I. 6.0 Broadcast
31 33 SRI 9.570 Poznan. Poland 1 0 Broadcast
31.33 SUV 9.570 Cairo. Egypt Broadcast
31.34 VUB 9,565 Bombay, India Broadcast
31.38 DJA 9.5130 Zeesen, Germany 5.0 Broadcast
31 38 VE9DN 9.555 Drummondville. Que. Broadcast
31.43 D.IN 9.540 Zeesen, Germany 59,0 Broadcast
31.48 W2XAF 9.530 Schenectady. N. Y. 40.0 Ile. re. NOY. 5-11 p m
31.49 OXY 9.520 Skamleback. Denmark 0.5 Broadcast
31.53 GSB 9.510 Daventry, England 20.0 Broadcast
31.53 VK3MX 9.510 Melhoune. Australia 2.0 Ilc. %%ed.. Sat., 5.7 a.n

31.53 YV3RC 9.510 Caracas. VelierUSla . Broadcast
31.56 PRF5 9.501 Ilia de Janeiro, Brazil . Broadcast
31.56 XGOX 9.500 Nanking. Chinn Broadcast
31.56 11141.2 9.500 Bangkok. Slam 2,5 Broadcast
31 59 WRY 9.490 Rocky Point. N. Y. 40 0 Phone
31.59 KEI 9.490 Itolltias. Calif. 20 0 Phone
31.111 PLW 9.485 Itandoeng, Java Phone
31.63 KET 9.480 Salinas. Calif. 0 0 Phone
31.73 wrs-

W2XILT 9.450 Rocky Point, N. Y. 10 0 Exp.
31.80 C011 9.428 Havana. Cuba Broadcast
31.84 PIN 9.415 Bandoeng. Java 8.11 0 Phone; sometimes be.
31.90 3C1/C 9.4011 Mexico City. D F. Exp.
31.96 CE32 9.380 Los Andes, Chile 0.05 Phone
31.98 XI/A 9.375 Mexico City Phone

31.98 331190C 9.375 Reno. Switzerland Phone
32 00 CT3AQ 9.370 Funchal. Madeira Proadeut
32.13 C3A2 9.332 Drummondville. Que 15.0 Phone to England

32.24 CNR 9 309 Rabat. Morocco Broadcast: Sundays

32.31 GCB 9.2110 Rugby. England 15.0 Phone
32.41 GI1K 9.250 Rodmin, England Phnne to Drummond-

ville
32.66 YVR 9.190 Maramiy. Venezuela Phone to Europe
32.70 WNA 9.170 Lawrenceville. N. J. 20 0 Phone to England
32.86 HAT4 9.121 Budapest. Hungary 'to 0 Broadcast
32.99 CP6 9.120 La Paz. Bolivia Broadcast
32.93 LST 9.104 Oliva. Arg. . Phone
33.13 TFK 9 010 Reykjavik. Iceland . Brogileast
33.24 (ICS 9.020 Rugby, England 15 0 Phone
33.28 KEJ 9,010 BoHnn, Calif. 40 0 Phone: relays NBC

programs for ICCIBM

Meters Call tic Location

33.40 VWY 8,975 Kirkee, India

33.48 TGX
13.50 WEL-

W2X11.1
33.59 NN EC

33.69 ZLT
33.90 NPO
33.92 KNRA
33.95 (U1.1

OFWV
Glint
GISQ
GM11.11

VTSX
34.11 T1R

34.17
34.19
31.30
34.54
34.66
:14.66
34.74
34.74
34.98
35.00

35.03
36.00
35.48
35.69
35.78
36.00

36.63
36.70
36.92
36.90
36.90
36.98
37.01
37.01
37.32
37.57
37.57
37.67
38.00
38.05
38.06
38.10
38.29
38.34
38.49
38.50
38.59
38.79
38.96

38 94
39.28
39.31

39.40
39.63
39.86

PNI
RSZ
W2XAC
GBC
VE9BY
W2XCU
W2XDO
WOO
RW15
IBEJ
ICE!
IDLI
WOO
DAF
PRAG
11C2AT
IAC
DDAC
DDAS
DDBR
DDCB
DDCO
DDCP
DliDT
DDDX
DDEA
DDED
DDFF
DUFT
DDNY
PIM
RW50
KTP
PLW
KAZ
IICJB
EATI!
HKF
CNR
1114J

VIJ
VLZ
VPD
JYR
131,lX
RXC
PGA
OA4C
1-111P
YNLF
FTE
PDL
KEE

HC31813
OF.J
RIM

KNVX
KWY
ILIA3

39.87 RICH
39.92 JVP
39.98 RKI

40.14 3V43
40.14 113A3

40.14 SLIP
40.28 1111Q
40.43 WW1
40.48 11.13ABD
40 52 XEI'lt
40.52 WEM-

W2XBJ
40 52 WEN
40.57 ZLT
40 88 KEG
40 96 ZT.I
41.18 11.111ABD
41.42 TI2EP
41.47 DOA
41.60 EAR 4T1
41.78 CRISAA
41.82 YNCRD
41.9% YV2AM
41.99 OA4R
42 00 IIJIABI1
42.12 1111911

42 23 M2A
42 29 HEE
42.35 1.115CZ

42.35 PI1J

42 71
4' 119

42 9R

E1R125
1.16.11

EAR110

8,955 Guatemala City, Guatemala

8,950 Rocky Point, N. Y.
8,925 Rocky Point. N. Y.
8,900 M ellington. New Zealand
8,870 Manila. P. I.
8.840 Schooner Seth Parker
8,831. 5.8. Homeric

8.8. Majestic
S.S. Minnetonka
8.8. Olympic
8.8. Empreas of Britain
8.13. Monarch of Bermuda

8,790 Cartago, Costa Rica

8.775
8,770
8.690
8.680
8.610
8,650
8,630
8,630
8.570
8.566

8.560
8,470
8.450
8.400
8.388
8.328

8.185
8.170
8,120
8.125
8.120
8.108
8.100
8.100
8,035
7,980
7,980
7,960
7,890
7.8110
7.8)17
7.870
7.830
7.820
7,190
7.788
7.770
7.730
7,715

7.700
7.632
7.620

7.610
7.565
7,522

7,520
7.510
7.506

7.470
7.470

7,470
7.4A
7.115
7.406
7,400

Makassar. Celebes
Irkutsk,
Schenectady. N. Y.
Rugby, England
London, Out.
Rocky Point, N. Y.
Ocean Gate, N. J.
Deal. N. J.
Khabarovsk, Siberia
8.8. Conte Rem
5.8. Rex
8.8. Conte di Savoie
Ocean Gate, N. J.
Norddeich, Germany
Porto Alegre. Brazil
Guayaquil, Ecuador
Coltano, Italy
B.S. Europa
8.5. Bremen
8.8. Berlin
8.8. ('oiubihns
S.S. Resolute
8.8. Cap Polonio
WE Deutschland
8.8. Ilaniburg
H.S. Cap Aicona
B.B. New York
S.S. Boll/men
8.8. Oceans
8.8. Albert Baling
Ulu de Janeiro. Brazil
Moscow.
Manila. P. 1.
Ilandoelig, Java
Manila. P. I.
Quito, Ecuador
Vienna. Austria
Itogota, Colombia
Rabat. Morocco
Bangkok, Siam
Sydney. Australia
Sydney, Australia
Suva. FIR Islands
ICemikawadlio, Japan
Cairo, Egypt
Panama City
Kuotwijk, Ilollaud
Lima. Peru
Geneva. Switzerland
Managua. Nicarag1111
Ste. Asalee, France
Kootwijk, Ilnlluud
Bolinas, Calif.

EcInulor
Vienna, Austria
Tashkent, U.S.S.R.

Dixon, Calif.
Dixon, Calif.
Barranquilla, Colombia

llawall
Nezaki, Japan
Moscow. 11.8.8.11.

Nazaki, Japan
Barranquilla, Colombia

Bogota, Colombia
Geneva. Switzerland
Rocky 'Point, N. Y.
Bogota, Colombia
Mexico City

7.400 Rocky Point. N. Y.
7.490 Rocky T.oint. N. Y.
7,390 Wellington. New Zealand
7.370 Kaliukii. Hawaii
7,320 Johannesburg, S. Africa
7.281 Cartagena. P01 lila
7,23/1 San Joan, Costa Biro
7.230 Doeheritz, Germany
7.207 Tenerife. Canary Wanda
7.177 Lobito. Angola. Port. W. Mr.
7.170 Granada, Nicaragua
7.142 Maracaibo, Venezuela
7.140 1.1ma, Peru
7.139 ManIzaletl, C010101114
7.118 Basle. Switzerland
7.100 Penhishu. Manchuria
7.090 Bogota. entomb!'
7.080 Buenos Aires. Are.

7.079 Donlreclit. Holland

7.0.0 Madrid. Biotin
6.990 Jelloy, Norway
6.976 Madrid, Spain

Phone
Phone
Phone
Phone
Phone; broadcast
Broadcast
Phone to Dixon, Calif.
Phone
Phone to Dixon, Calif.
Broadcast
Phone
l'hone
Broadcast; Sundays
Phone
Phone to Java
Phone
Phone
Itroadcast
Phone
Phone
Phone
Broadcast
Broadcast
Broadcast
Phone
Phone
Phone; relays NIIC

Programa fur KGMI:
Broadcast
Phone
Phone to 111(1 6-8:15

a.m.
Phone to Ilawall, night.
Phone
Phone; 610 a.m.-

6:30 p.m.
Phone
Phone
Phone to RIM. 6-3:15

a.m.
Phone
Phone; 6:30 adn.-11:341

p m.
Phone
Broadcast
Phone
Broadcast
Broadcast

Phone; no.
Phone
Phone to Sydney; more
Phone
Broadcast
Broadcast
Amateur
Phone

Kw Service, etc.
Phone to England:

mornings
Broadcast

.

.

 ..
.

.

.

14.0

Exp.
Exp.
Phone to Sydney
Time sig. 10 p.m.
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone to Guatemala.

Colombia, Florid/.
Phone, oc.
Phone
Exp.
Phone to ships after.
Exp.
Exp.
Exp.
Phone
Broadcast
Phone
Phone
Phone
Phone to ships
Phone to ships
Phone; occasional bc.
Broadcast
Phone
Phone
Phone
Phone
Phone " Phone

" ' Phone
' Phone

Phone
Phone

100
29 0
40 II
no 0
211 0

11.14

111 0

20.0

3.5

5.0
1111)

On 0
2911
20.0

III
40.0

2)1 0

20 0
211.11

400
20 0
200

100

40 0
12

40 0

400 915

11

.0.5 Broadcast

... Broadcast
Broadcast
Prondraat
Penn/leant

.i.0.
71 Pros ° :etIl': 1

0 815 ET1, : broadcast
01:14 Prnadenat

Amateur: spine-

ti:I7Arn Saltle-
tf...beUrnst

Brnadcast
Broadcast
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Meters Call Kc Location Kw Service, etc.
43.45 RISC 6,900 IA Romani, D. R. Broadcast
43.42 GDS 6.905 Busby, England 15. 0 Phune
43.52 KIM 6.890 Iselin's. Calif. 40.0 Phone
43.71 KEL 6,860 Soli nu, Calif. 40.00. 1;t2pu t. e
43.77 VPE 6,850 Labia'. Vanua Levu. FIB Is.

VQL
VPF
Vitt)

Savo fiavu. Vanua Levu, FIJI Is.
Suva, VIII Levu. Y1/1 Is.
Taveuni, Taveunl. FIJI Is.

2

0.042 Exp,
0

43.80 KEN 6,845 Donnas. Calif. 40.0. Phone
43.83 CFA 6,840 Drummondville. Que.
43.83 HAT2 6.840 Szekufeberrar, Hungary 20.0 Broadcast
44.00 11111 6.814 San Pedro de Macorls, D. R. 0.015 Broadcast
44.38 WOA 6,755 Lawrenceville, N. J. 20.0 Phone
44.42 JVT 6,750 Nazakl, Japan Phone; bc. ; re. JOAK
44.48 WEJ-

W2X13J 6.740 Rocky Point. N. Y. Exp.44.62 WQO 6.720 Rocky Point, N. Y. Phone44.64 KIM 6.716 Manila, P. I. 40. 0 Phone44.68 TIEP 6;710 San Jose, Costa Rica Broadcast
44.68 KEF 6.710 Ikainas, Calif. 40. 0 Phone
44.71 WEB. 6,705 Rocky Point. N. Y. Phone
44.91 HBQ 6.675 Geneva. Switzerland 20. 0 Exp.
44.94 YVQ 6,672 maracay, Venezuela Phone
44.97 HC2RL 6,668 Guayaquil. Ecuador 0. 2 Broadcast
44.99 YNCRG 6,664 Granada, Nicaragua Broadcast
45.02 KNRA 6,660 Schooner Seth Parker . Phone; relays pro-

grams to %V2XBJ
45.09 TITE 6.650 San Jose. Costa Rica ltroadcut
45.09 IAC 6.650 Coltana, Italy Phone
45.32 PRADO 6.618 Riobamba. Ecuador Broadcast. Thursday
45.95 HEN -

11W71 6.611 Moscow. U.S.S.R. 10.0 Broadcast
45.98 YV6B V 6,520 Valencia. Venezuela ... Broadcast
46.02 WOO 8.515 Deal, N. J. . Phone
46.10 TPK 6,504 San Jose, Costa Rica Broadcast
46.20 IIJ5AIID 6.490 Call. Colombia 0.25 Broadcut
16.25 HI4D 6,482 Santo Domingo, 1). R. Broadcast
16.48 IIJIABB 6,450 Barranquilla, Colombia 0.3 Broadcast

46.67 VE9A8 6,425 Fredericton, N. It. Broadcast
46.67 VE9IIY 6.425 London. Ont. Broadcast
48.67 W3XL 6.425 Bound Brook. N. J. 18.0 Exp.
46.70 RCAD 6.420 Minsk. U.S.S.R. 0.15 Phone
46.79 IIJA3 6.416 Barranquilla. Colombia Phone
46.85 YNIOO 8,400 Managua. Nicaragua . Broadcast
46.99 YNIOP 6.380 Managua. Nicaragua ltroadcast
47.04 YV4RC 6,375 Caracas. Venezuela 0.1 Broadcast
47.36 JZO 6,390 Nazaki, Japan 10.0 Phone
47.48 RIZ 6,315 Santo Domingo. D. R. 0.02 Broadcast
47.78 HJSABT 6.275 Bogota, Colombia 0.1 Broadcast
47.80 /MA 6,272 San Domingo. D. R. 0.05 Broadcast
47.82 HKC 6,270 Itogota, Colombia . Phone
47.97
48.13

OCI
OAX4B

6.250
6,230

Lima. Peru
Lima. Peru

. Phone
Broadcast

48.13 HJ4ABC 6,230 Pereira. Colombia * Broadcast
48.38 CT100 6.198 Parede, Portugal Broadcast
48.45 HI1A 6.188 Santiago de los Caballeros,D 0 05 Broadcut
48.67 CJR0 6,160 Winnipeg. Manitoba Broadcast
48.67 KNRA 6.160 Schooner. Seth Parker Phone48.75 CO9GC 6.150 Santiago, Cuba Broadcast48.75 HJ2ABA 6,150 Tunja, Colombia 0.05 Broadcast48.75 YV3RC 6,150 Caracas, Venezuela Broadcast
48.75 VEIICL 6.150 Willnineg, Manitoba Broadcast
48.75 CSL 6.150 Lisbon. Portugal Broadcast48.83 K ZRM 6.140 Manila, P. 1. 6.0 Broadcast48.89 W8XK 6.140 Pittsburgh, Pa. 40.0 Bc. ; relays KDKA48.90 ZGE 6,132 Kuala Lumpur, F. M. S. 0.18 Broadcast48.91 LKJI 6.130 Jeloy, Norway Broadcast0191 XETE 6.130 Mexico, I). F. . Broadcast48.91 VE9I1A 6,130 Montreal. Que. Broadcast48.99 ZTJ 6,122 Johannesburg. S. Africa 5.0 Broadcast48.99 11.11A11E 6,120 Cartagena. Colombia 0.05 Broadcast48.99 VE9IIK 8.120 Halifax, N. S. Broadcast48.99 W2XE 6,120 Wayne. N. J. 5.0 Be. ; relays WABC48.99 PKYDA2 6.120 Itandoeng. Java Broadcast49.05 YV2RC 6,112 Caracas, Vedezuela 0.2 Broadcast49.07 VE9IIX 6.110 Halifax, N. S. 02 Bc. ; relays CHNS49.07 VUC 6.110 Calcutta. India 2.0 ltroadcut49.07 VE9CG 6.110 Calgary, Alberta . Broadcast49.10 GSL 6,106 Daventry, England ltroadcut49.15 HJ1ABD 6,100 ('artagena, Colonibla 0. 025 Broadcast49.15 HJ4ABL 6.100 Manizales, Colombia 0. 2 Broadcast49.15 W3XAL 6.100 Bound Brook, N. J. Be. 'relays WIZ49.15 W9XF 6,100 Chicago. 111. 5.0 Be. relays WENS49.15 VE9CF 6.100 Halifax. N. S. Broadcast49.29 VE911j 6,090 St. John, N. It. 0.1 Broadcast49.23 VE9(1W 6.090 ItowmanvIlle, Ontario 0.5 ltroadcut49.26 l2110 6,085 Rome, Italy Broadcast49.31 TIRA 6,080 Cartago. Costa, Rica Broadcut49.31 VE9E11 6.080 Charlottetown. P. E. I. Broadcast49.91 W9XAA 6,080 Chicago. III. 0.5 Inc. ; relays WCFL49.91 CP5 6.080 La Paz. Bolivia Broadcast49.37 DJM 6,073 Berlin, Germany ... Exp.49.37 CQN 6,073 Macao, Asia 0.5 Broadcast49.97 ZILI 6.072 Penang, Straits Settlements Broadcast49.37 0E112 6.072 Vienna. Austria 0.25 Broadcast49.39 VE9C8 6,070 Vancouver. B. C. 0.01 Broadcast49.39 IMAM, 6.070 Barranquilla. Colombia  Broadcast49.48 WSXAU 6.060 Philadelphia. Pa. 1. 0 Bc.; relays WCAU49.98 OXY 6,060 Skamleback, Denmark .05 Broadcast99.48 VQ7L0 6.060 Nairobi. Kenya. Africa 1.25 Broadcast49.48 W8XAL 6,000 Cincinnati. Ohio 10 9 Br.; relays WLW49.18 CMCI 6.000 Havana. Cuba 0.02 Broadcut49.40 ZL2ZX 6.060 Wellington. New Zealand Broadcast49.56 VE9CF 6.050 Halifax, N. B. Broadcast49.56 HJSABI 6.050 Bogota. Colombia 0.05 Broadcast49.56 GSA 6.050 Daventry, England ... Broadcast49.62 HJIABO 6,042 Barranquilla, Colombia 0.1 Broadcast49.64 WI XAL 6.090 Boston. Mass. 5 0 Broadcut49.64 FBAS 6.040 Pernambuco, Brazil Broadcast49.64 W4XB 6.040 Miami Beach. Fla. 2.5 Broadcast49.64 .... 6.040 Bandoeng. Java 3.0 Broadcast49.72 VE9CA 6,030 Calgary. Alta. Be. ; relays CFCN49.73 IIP5B 6,030 Panama City Broadcast49.78 XEW 6.023 Mexico cur. B. F. Broadcast

49.80 DM 6.020 Zeesen, Germany 8.0 Broadcast

Meters Con Kc Location:
49.82
49.81
99.85
49.85
49.89
49.89
49.93
49.93
49.93
49.97
49.97
49.97
49.97
49.97
49.97
49.97
49.97
50.00
50.11
50.10
50.14
50.14
50.14
50.14
50.22
50.23
50.47
50.56
50.90
51.08
51.16
51.23
51.25
51.29
51.64
51.69
51.69
51.87
51.90
51.97
52.47
52.47
52.67
52.97
55.52
55.52
57.00
58.17
52.27
58.67
58.71
58.79
59.05
59.67
59.96

60 28
60.33
60 94
61.63
62.20
62.53
62.60
62.86
63.10
63.10
64.48
66.45
67.07
67.68
68.61
69.24
69.44
69.46
69.81
69.81
69.81
70.00

70.17
70.55
71.78

72.95
73.13
73.13
74 92
79.53
79.95
79.95
82.82
54 63

11J3ABH
7.111
HRH
VE9CX
COC
XEBT
VE9DR
VE9DN
VE9CU
YOI
XUOX
FIQA

EAJ25
ZL3ZC
BW59
YV411SCI
PEAS
TUX
YV4RC
CT1AA
XECW
HIX
HJ3A1111
YNLYI
HVJ
ILI1AIIJ
HJ4ABE
JIC
11J2A13C
XDA
WNB
YV5RMO
KBO
CSN
VKIILB
TIMM
OAX4D
TIXOP3
JAM
CPU
HCJB
FIQA
XQAJ
HU/
HAT
WQN
PMY
OKIMPT
KIKB
KEC
KIKA
WCN
ZFA
WWV

GBC
06RX
LCL
HJA3
GDW
VE9BY
CZA
ZL2XX
WOO
WOY
11C2EP
ZFS
YID
DOA

GDB
YNLF
WTDX
%WM`
WTDW
1BEJ
ICEJ
IDLI

RW15
HJA3
GFWV
GLSQ
GDLI
OTSD
OKFY
OMBJ
DDAC
DDAS
DDBR
DDCB
DDCG
DDCP
DDDT
DDDX
DDDI
DDED
DDT!
DDFT
DDNY
HCJB
LCL
WND
cT2A.7
HMIS
CT1CT
12110
DOA

85.06 I I Tt9A0
88.81 11JA9

1936 RADIO DATA BOOK

6,018 Bogota, Colombia
6,018 Singapore. F. M. B.
6,015 San Pedro Biala, Honduras
6.015 WoUville, N. 8.
6,010 Havana. Cuba
6,010 Mexico. D. P.
6,005 Drummondville, Que.
6,005 Montreal. Que.
6.005 Calgary, Alta.
6,000 Bucharest. Roumania
6.000 Nanking. China
8,000 Tananarive. Madagascar
6.000 St. Denis. Reunloii
6,000 Barcelona. Spain
6,000 Christchurch, New Zealand
6,000 Moscow. U.S.S.R.
6,000 Caracas, Venezuela
5.996 Pernambuco. Brazil
5,984 Guatemala City. Guatemala
5,984 Caracas. Venezuela
5.980 Lisbon. Portugal
5,980 Xantocam, Mexico
5,980 San Domingo. D. R.
5.980 Bogota, Colombia
5,970 Managua. Nicaragua
5,969 Vatican City
5,940 Santa Marta. Colombia
5,930 Medellin. Colombia
5,890 Talhoku. Formosa
5,870 Cucuta, Colombia
5,860 Mexico, D. F.
5,852 Lawrenceville, N. J.
5,850 Maracaibo. Venezuela
5,845 Kahuku, Hawaii
5,805 Rouland, 11. C.
5.800 Lyndhurst. Vic, Australia
5.800 Heredia, Costa Rica
5,780 Lima. Peru
5.777 Ban Jose. Costa Rica
5,769 Merida. Yucatan
5.714 Rolland. B. C.
5.714 Quito. Ecuador
5,692 Tananarive. Madagascar
5,680 Shanghai, China
5,400 Cucuta. Colombia
5,400 Budapest, Hungary
5,260 Rocky Point. N. Y.
5,154 Bandoeng. Java
5,145 Prague, Czechoslovakia
5.110 Bolinas, Calif.
1,105 Bolinam. Calif.
5.100 Bonus, Calif.
5.077 Lawrenceville, N.
5,025 Bermuda. Bermuda
5,000 Beltsville, Md.

4,975 Rugby, England
4.970 Rugby. England
4 920 Jeloy, Norway
4.80 Barranquilla. Colombia
4.820 Rugby. England
4,795 London, Ont.
4,785 Drummondville. Que.
4.770 Wellington. New Zealand
4,752 Ocean Gate. N. J.
4.752 Lawrenceville. N. J.
4,650 Guayaquil. Ecuador
4,512 Nassau, Bahama Is.
4.470 Bagdad, Iraq
4,430 Doeberitz. Germany
4.970 Semarang, Java
4,330 Batavia. Java
4,920 Rugby, England
4.316 Managua. Nicaragua
4.295 St. John. Virgin Islands
4,295 St. Thomas, Virgin Islands
4,295 St. Croix. Virgin Islands
4,289 B.S. Conte Rosso

8.8. Rex
S.S. Conte dl gavot'

4,273 Khabarovsk. U.S.S.R.
4.250 Barranquilla. Colombia
4,177 S.B. Majestic

8.8. Olympic
S S. Homeric
B.S. Monarch of Bermuda
S.S.'Minnetonka
S.S. Empress of Britain
8.S. Europa
S.S. Bremen
8.8. Berlin
B.S. Columbus
B.S. Resolute
8.8. Cap Polonlo
13.8. Deutschland
5.14. Hamburg
8.8. Cap Arcona
8.8. New York
8.8. Reliance
VI S. Oceana
8.8. Albert Bailin

4.110 Quito, Ecuador
4,100 Jeloy. Norway
4,100 Hialeah, Florida
4.002 San Miguel, Azores
3.770 Basle. Switzerland
3,750 Lisbon, Portugal
3,750 Rome, Italy
3,620 Doeberlt.z, Germany
9,543 Lourenzo Marques. Mozam-

bique, Port. E. Africa
3,525 Switzerland
3,376 Barranquilla. Colombia

20.0

0.5

0.4
20.0
40.0

2.0
0.5

40.0
40.0

1.0
20.0

1.5

5.0

.

10.0

20.0
20.0

0.2
0.15

15.0

025
0.25
0 25

.

.

20 0

.

. .

.

.

.

.

. .

0 15
. .

04

0.5
12.0

Kw Service, et,.

0.09

0.25

0.05
4.0

0.3

0.4
0.09

0.25
20.0

0.5
.

0.1

0.01

0.25
0.1

10.0
0.25
0.1

Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Be.'relays CF('F
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast; crc,ings
Phone
Broadcast
Phone Phone
Broadcast
Phone

Phone ZIP.
Broadcast
Broadcast
Broadcast
Phone
Phone
Broadcast
Broadcast
Broadcast
Phone
Broadcast
Exp.
Phone: occasional be.

0.3
40.0

Broadcast
Phone
Phone
Phone
Phone to'England
Phone
Standard frequency

trans.: Tue.,'Fri ,
2-30-3:30

Phone to ships
Exp.
EXP.
Phone
Phone to US
Broadcast
Phone to ship
Phone
Phone
Phone to England
Broadcast
Phone
Broadcast
Phone
Broadcast
Broadcast
Exp.
Broadcast
Exp.
Exp.
Exp.
Phone
Phone
Phone
Broadcast
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Phone
Broadcast
Exp.
Phone
Broadcast
Broadcast
Broadcast
Broadcast
Phone

Broadcast
Broadcast
Phone
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