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INTRODUCTION

ADIO servicing and set building can be both a
fascinating pastime and a profitable spare-time
business. Whether he uses his knowledge in construct-
ing equipment for himself or in repairing receivers for
his friends and neighbors, the experimenter will find
that his time and study are well repaid.

It is the purpose of this manual to explain the opera-
tion of modern radio equipment and to suggest methods
of dealing with common troubles that mar reception.
Text and diagrams have been made clear and simple,
so that they may be understood easily by the beginner.

An entire chapter has been devoted to the elimina-
tion of interference. Less than twenty percent of the
crashes and crackles that disturb listeners are due to
natural static. The rest come from man-made interfer-
ence and may be eliminated or greatly reduced by fol-
lowing the suggestions given.

Another worth-while subject for the spare-time serv-
ice man is the modernization of old broadcast receivers.
In every neighborhood there are out-of-date sets that
could be brought up to present-day standards by a little
labor and a small investment in new parts. A special
chapter describes the most common types of old-fash-
ioned receivers and tells just what is needed to make
them sound like new.

To aid the beginner in building up a complete home
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6 INTRODUCTION .

radio workshop, suggestions are given for assembling
the necessary tools and testing equipment. Much of this
can be made at home or assembled from inexpensive
parts. c
For those who are bewildered by radio-circuit dia-
grams, a useful chapter translates the conventional
symbols and tells how to interpret this picture-writing
of the radio engineer. An appendix) contains handy
tables and other reference material.
Here, then, is your guide to pleasure and profit in
~radio repair and servicing. We hope that the book will
prove so valuable that it will find a permanent place
in your radio tool kit,
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CHAPTER I
THE RADIO WORKSHOP

UCH of your success as an amateur experi-

menter and spare-time radio serviceman will
depend on your equipment. It need not be elaborate or
expensive, but it must include certain essentials.

First of all, you must have a place to work. This
can be anything from an old table, in an empty corner
of your attic, to a large shop built in your cellar. Its
only requirements are that it have good light and a
handy source of electricity or illuminating gas.

Where space is at a premium, the de luxe portable
laboratory shown in Fig. 1 will answer the average
amateur’s needs. Made of easily worked white pine, it
is light and durable. To be portable, it is designed to
fit the table that graces the average kitchen.

Once in place, with its extension cord plugged into
a near-by lamp socket or wall outlet, this kitchen-table
bench provides all the features of a well-equipped
electrical shop. At the rear, a narrow rack serves as a
place for tools. A hardwood drill pad and a sturdy vise
are always ready for instant use. And a double outlet
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provides a convenient source of electricity for your
soldering iron and power cords. Yet with all these fea-

s
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FIG. t

tures, it is easily removed and can be stored in a closet
when it is not in use. .
The size of your particular portable bench will de-
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THE RADIO WORKSHOP 13

pend, of course, on the dimensions of the table it is to
fit. Overall, it should be longer and wider than the
table with just enough room between the front and
rear to slide easily over the edges of the top. To pro-
vide room for the double outlet, the front apron should
be at least seven inches deep while the rear upright
should be five inches deeper to support the six-inch
wide tool rack. The top, made of several planks, can
be fastened with brass screws driven through two-
inch wide cleats spaced evenly across the underside.

When the bench is completed, it should be sanded
smooth and the hardwood drill pad and vice fastened
in place. The surfaces that show can be given several
coats of varnish or varnish stain.

As for the tools to complete your radio workshop, they
can be few in number and inexpensive (see Fig. 2). Most
important of all, of course, will be your soldering iron.
For general, all-around use, one of medium size and
weight will be most practical. If current is available,
it should be of the inexpensive electric variety, about 75
to 100 watts. If you have no electricity, an ordinary
small-sized soldering iron, heated over the gas range or
in the flame of a portable gas burner of the chemist’s
type, can be used. .

Electric soldering irons having changeable tips are
preferred by most radio workers. They are only a
trifle more expensive than the ordinary type and pro-
vide the advantage of several sizes and shapes of tips
for various types of work. Good soldering irons can
be purchased for prices ranging from about $1.50 to
$5. Above all, buy a good one. It is one piece of equip-
ment you will use every time you work in your shop.
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THE RADIO WORKSHOP b {3

No matter what make or style of iron you buy,
however, the soldering shield shown in Fig. 3 will form
a worth-while addition to it. Consisting of a sheet of
thin ashestos loosely rolled to form a hollow cylinder

. to fit the iron, it will safeguard against accidentally

burning the insulation on wires and coils when making

SOLDERING
SHIELD MADE BY.
ROLLING SHEET
ASBESTOS INTO
CYLINDER

a connection deep in a crowded circuit. Incidentally,
the shield also will serve as a booster when it is neces-
sary to bring the iron up to heat quickly. However,
it should not be left on the tip of the iron for long
periods as it will cause the iron to overheat and may
injure the heating element.

Besides your soldering iron, your other important
tools will consist of an assortment of screw drivers and
. pliers. At least three good quality screw drivers should

. be included in every amateur’s tool kit. One with a
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long shank, another with a medium shank, and a third
of the midget variety will meet the average demands.
The midget tool will be particularly valuable for ad-
justing the countless set screws encountered on even
the simplest receivers. If you wish to go to the added
expense, your longest screw driver can be of the type
fitted with a fully insulated shank.

GROOVES CUT

IN JAWS OF

WIRE =CUTTING
PLIERS

As for pliers, you should arm yourself with a pair
of the flat-nosed type, a pair of the round-nose variety,
and & good set of ordinary wire cutters. Then by alter-
ing the jaws of the cutting pliers as shown in Fig. 4
you can make them serve as insulation strippers as
well as nippers.

To change your wire cutters, simply form a shallow
groove or V-shaped notch at the same point in each
cutting edge. This can be done easily with a square-
edged oilstone. Make the grooves just deep enough to
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take the diameter of the bare wire when the jaws are
closed. :

To skin the end of a piece of connecting wire with
your stripper, simply place it in one of the notches,
close the pliers, and pull the wire. The insulation will
be sheared off easily and quickly without so much as
marring the inner core. If your cutters have long
blades, several sets of grooves to take various sizes of

FOUNTAIN -

=3
FLASHLGRT

-

SURVED ~~

LiTE

FOUNTAIN PEN SOLDERED
FLASHLIGHT

wire can be cut without interfering with their intended
use. As shown in the illustration, the best location for
these grooves is near the plier joint.

In addition to these tools, your kit should contain a
center punch, a twelve-inch steel rule, a knife with a
large and a small blade, a large hand drill with drills,
a rat-tail file, and a small hammer. Although they are
not absolutely necessary, a tap holder, a die holder, a
set of taps and dies, a hack saw, and a burring reamer
will form excellent later additions when finances allow.
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If any amount of research and testing are to be
done, your radio shop also should boast at least one

- . good meter. For the present it will suffice to say that

as soon as possible a high-grade milliammeter should
be added to the equipment already listed. How this
one meter can be mounted and made to ‘serve for
many important radio measurements will be described
in Chapter III.

CROCHET / HEAVY

NEEDLE “SPAGHETT”
FILED TO TUBING p
POINT

FLEXIBLE
INSULATED

SPRING CLIP

Another extremely useful tool is the trouble shooter’s
lamp shown in Fig. 5. It uses a.gew type of translucent

plastic material which has the property of carrying

light to the tip without wasting any at the sides. The
curved plastic end is connected to a small fountain-
pen flashlight, to direct light just where it is wanted

and make inspection in crowded corners an easy matter. |

It will be particularly valuable for inspecting the
undersides of soldered joints. Most radio stores carry
the tool.

So much for the tools that are to be bought for

N
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T

your radio laboratory. There are, however, various
other tools that can be improvised to simplify your
work.

Test prods, for instance, are an important piece of
radio equipment that can be built easily as shown in
Fig. 6. Sharpen the tips of two steel crochet needles
and insulate the handles with wrappings of friction
tape or lengths of spaghetti tubing. The lead wires,
fitted with small spring clips, can be soldered to the
outer ends of the crochet needles as illustrated in
the drawing.

A novel bending jig and a circle cutter for metal,
two more tools that the radio worker can make, will
be described later on in the chapter under the heading,
“Chassis Making.”

The Art of Soldering

No other single operation plays a more important
part in the building and repairing of radios than the
process of soldering. Even in the simplest circuit, forty
or fifty connections often have to be made. Careful
planning, placing of parts, and neat wiring all go for
naught unless the radio worker is a successful, as
well as rapid, solderer.

To the inexperienced, the knack of soldering seems
like nothing short of magic. Yet anyone who is handy
. with tools and willing to practice can master the art

of making neat, professional-lookingxi)ldered connec-

tions.

Successful soldering depends on two things: patience
and a good understanding of the uses of the various
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tools and materials that go to make up the soldering
kit. Roughly, your soldering equipment should con-
sist of the soldering iron, the solder, a flux, some emery
cloth, a knife, and a rough cut file.

- The use of the soldering iron is obvious. It serves
to heat the work and melt the solder. Next in impor-
tance beside the solder itself is the flux. Without it,

a soldered joint would be impossible. Heated, it spreads
over the cleaned surfaces to be joined and forms a
protective coating that prevents the formation of ox-
ides and allows the solder to form a bond. As to what
flux to use, rosin, either solid or powdered, and a pre-
pared paste are the favorites.

Two types of solder also are available to the radio
craftsman—plam wire solder and flux core solder. Or-
dinary wire solder is solder and nothing else. Flux
core solder, on the other hand, is a tube of solder en-
casing a thin core of flux. No outside flux need be used
with flux core solder, as melting the wire with the
tip of your iron provides melted flux as well as solder.
Because it is easily used and eliminates one item from
the soldering kit, flux core solder is preferred by many
radio workers.

The first step in soldering is to clean and shape the
tip of your soldering iron. This can be done with a file
and emery cloth. It must be clean and free from pits
and cuts. Remember, cleanliness is one of the most im-
portant factors in soldering. _

When your iron has been shaped and cleaned you
are ready for the “tinning” process. To tin an iron
means simply to give it a protective coating of solder
(see Fig. 7). When the iron has reached its soldermg
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heat, dip it into the soldering paste or rub it on the
rosin so that it will be well coated with melted flux.
Then touch the heated tip to the solder. As it melts,
the solder will form a tiny ball or globule on the tip of
the iron. This then should be spread over the surfaces
of the tip. Many radio workers do this by rubbing
first one surface and then the other on a small square
of tin. If flux core solder is used, both the flux and
the solder will, of course, be applied at the same time.
Once your iron is tinned (indicated by a silvery coat-
ing on the tip), you can turn your attention to the
parts to be joined. They too must be cleaned with a
knife or emery paper, Fig. 8. For best results, tinned
connecting wire and tinned connecting lugs should be
used. If ordinary wire is used, you will find that a
better joint will be formed if it too is tinned at the
ends. :
When the two parts to be joined have been placed
together, apply flux to the joint. This can be done,
if rosin flux is used, by touching the hot iron to the
rosin and then to the joint. If paste flux is used, it
will be best to touch each of the wires to the surface
of the paste before twisting the joint. Use the flux
sparingly; too much is just as bad as not enough.
To apply the solder, touch the tip of your iron to
the end of the solder wire and pick up a small globule
of the molten metal. Then touch it to the joint. Soon,
the joint will be heated and the molten solder will
flow over the parts or wires being joined. If a great
deal of solder is required, it can be applied by holding
the end of the solder wire at the point where the iron
and the joint meet. Of course, if flux core solder is
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tsed, both the solder and the flux will be applied to
the joint in the same operation.

If you decide to use plain wire solder and rosin flux
or a combined rosin core solder, the simple kink shown
in Fig. 1o will protect the tip of your soldering iron
and insure a good supply of flux at all times. It con-
sists of a bath of rosin made by melting a small quan-
tity of lump or powdered rosin and pouring it into
the shallow friction top of a coffee can or a baking
soda tin, By placing the tip of your heated iron on
this flux pad between soldering jobs, you can prevent
its tinned surface from burning off too rapidly.

No matter how careful you are, however, the tinning
will in time become burned and pitted. For this rea-
sonm, it is necessary to tin an iron periodically. A good
plan is to reshape and retin it before each job.

Soldering Don’ts

Don’t use a pitted or dirty iron.

-~ Don’t forget that overheating an iron causes the
tinning to burn.

Don’t remove any more of the metal than is neces-
sary when reshaping the tip of an iron.

Don’t forget to retin your iron occasionally.

Don’t forget that dirt and metallic oxides are solder’s
worst enemies. If possible, use tinned connecting
wire and soldering lugs.

Don’t be hasty. Give the iron plenty of time to heat
the joint and allow the flux to spread. Hold the
joint together until you are sure the solder has
cooled and hardened.
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Chassis Making

If you do any amount of set building, you will want
to mount the circuit on a professional-looking alumi-
num chassis. Although these can be purchased ready-
made and drilled, you can save money by buying the
flat sheet aluminum and bending and drilling it your-
self. '

Bending Aluminum: By building the simple bend-
ing jig shown in Fig. 11, your problem of chassis mak-
ing will be greatly simplified. Resembling a cutter
board for photographs or paper, it consists simply of
an eighteen- by twenty-four-inch baseboard to which
is hinged a two- by eighteen-inch hardwood arm. To
protect the front or bending edge of the arm, a strip
of - steel or brass is fitted into a shallow recess.

The hinge for the arm should be of the long, door
type so that it can be bent over the top of the arm
and under the base as shown to provide a firm sup-
port. The hinge can be bent easily in your vise.

To provide an easy means of measurement, a scale .
should be fastened along the left edge of the base above
the arm. This can be an ordinary wood rule fastened in
place with brads or screws.

In using the jig, lift the hinged arm, place the sheet
of aluminum cut to the desired width, flush against
the scale so that the proper amount projects above the
arm and fasten the arm in place with an ordinary C-
clamp. Then using a sharp knife, or a nail filed to a
sharp three-cornered point, scribe a line on the alumi-
num along the upper edge of the arm. Finally, bend
the outer end of the aluminum up until it forms a
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right angle or the exact angle desired. Repeating the
process, make the second bend and the U-shaped
chassis will be completed.

When bending the metal, apply the pressure evenly
along the entire edge. If necessary, slip a flat board

or a second sheet of metal under it to distribute the
" force. As the bend progresses, slide the support down
toward the base of the bend to insure a square corner.
Of course, thin sheet aluminum also can be bent to
shape with the hands merely by clamping it between
two boards placed in the vise. However, the resulting
corner will not be as square as that obtained with the
regular bending jig.

Cutting Sheet Aluminum: A bending jig of this
type also can be used for cutting aluminum to the de-
sired width and length. As shown in Fig. 13, simply
place the sheet of metal in the jig so that the required
amount projects above the atm and then, using a knife
or a sharpened nail as before, scribe a deep line along
the upper edge of the arm. Go over the cut several
times. Then remove the sheet, turn it over, replace it
under the arm in exactly the same position, and re-
peat the scribing process. If the scribed lines have
been cut deep, bending the sheet up will break it in
two. As a finishing touch, use a file or a sharp knife
to clean up any rough edges that may result.

If special angular brackets are to be cut by this
method, it will be best to fasten a sheet of paper un-
der the aluminum when the first cut is made so that
a tracing of the projecting‘end can be drawn. Then,
when it comes time to turn the aluminum over and
scribe the lines on the second side, the outlines can
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be matched and the second cut made directly over the
first..

Drilling Sheet Aluminum: Even the simplest alum-
inum chassis or panel will require holes for tube sock-
ets, wire leads, shafts, and mounting bolts. In most

S PANEL BEING
DRILLED

HARDWOOD

NAIL DRIVEN INTO DRILL PAD

DRILL PAD TO
PREVENT METAL
FROM TURNING

cases, it will be most convenient to drill these holes
before the sheet is bent.

The small holes can be drilled with an ordinary
hand drill. To protect the bench top, be sure to do
all of your drilling on a hardwood drill pad (see
Fig. 1). If the metal tends to turn with the drill, drive
a nail or a small screw into the drill pad and allow
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one corner of the sheet to bear against it as shown in
Fig. 14.

When drilling medium-sized holes it is a good plan -
to clamp the aluminum between two pieces of thin
wood, running the drill through all three. This will

SHAVED DOWN
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1Y4 1N, SQUARE

~— \
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Q \\\ \\\\ lBEVEL
Ye m.—>| L- PP
N L D H
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prevent the pressure of the drill from bending the
metal and will eliminate all possibilities of burrs.
The holes for tube sockets (generally about one and
one-quarter inches in diameter) will be too large for
the ordinary hand or breast drills. However, these can
be cut with a fine jeweler’s saw, a motor-driven jig
saw, or, better still, with the improvised circle cutter -
shown in Fig. 15. With this homemade tool, circular

-
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holes can be cut in sheet aluminum up to one eighth
- inch in thickness. It is used in an ordinary brace or
hand drill.

Since most tube socket holes will be one and one
quarter inch in diameter, the homemade circle cutter
can be designed for this size. First plane a stick of
hardwood until it measures exactly one and one quar-
ter inches square. Round one end as shown in the

COMMERCIAL
CIRCLE CUTTER .

1S A

ADJUSTABLE BLADE

CENTER DRILL

drawing, tapering it to fit snugly into the open jaws
of your hand drill or brace. Then mark the square
end with diagonal lines to find the center and bore a
one-eighth-inch hole where they cross, making it one
inch deep. Finally into this hole drive a headless nail,
allowing it to project about three eighths of an inch.

The two cutter blades for the drill, placed on each
side of the square, are made from a discarded hack-
saw blade. Break a piece from each end so that it is
about one and one quarter inches long and includes
the eye. Grind the end of each piece as shown and
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fasten them to opposite sides of the block with short
screws driven through the eyes. Smaller screws driven
in at the sides of the blades will serve to hold them
rigidly in place.

To use the circle cutter, first drill a one-eighth-inch
hole in the metal to coincide with the center mark,

ALUMINUM
TO BE FINISHED

SUPPORTS TO
HOLD METAL AWAY LYE BATH (ONE CAM OF
FROM PAN LYE TO GALLON OF WATER)

FIG.16

slip the guide nail on the cutter into this center hole,
and turn the brace or hand drill until the two blades
are half way through the metal. Finally, reverse the
sheet and continue the drilling from the other side.
Incidentally, commercial circle cutters of this type,
having adjustable blades, can be purchased for a few
dollars from any dealer in radio parts (see Fig. 15A).
Finishing Aluminum Panels: A satiny finish can
be given aluminum panels, and for that matter any
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aluminum parts, by soaking them in a bath of ordi-
nary lye (see Fig. 16). All that is required is a solu-
~ tion consisting of a full can of household lye dissolved
in a gallon of water. Smaller quantities, of course, can
be made by mixing the bath in smaller amounts of the
same proportions.

Pour the lye solution into an enameled pan (a regu-
lar baking tin also will serve if the enameled pan is ~
not handy) and then place the panel, thoroughly
washed, in the bath. To keep the aluminum free of
the bottom of the tray, rest it on four wood or metal
supports as shown.

This method of finishing is not particularly critical
but to obtain the best results the amateur should do
a bit of experimenting with small pieces of aluminum
before attempting a large panel. The bigger the panel,
the longer will be the time required to obtain just the
right finish. If the aluminum is exposed to the lye bath
too long, a burned black finish will result.

When the metal has taken on a soft silvery appear-
ance, lift it out of the solution with a pair of pliers
and wash it thoroughly in cold water. Of course, all
tool work should be completed on the panel before the
finishing process.

Metal panels also can be ﬁmshed by the amateur in
the popular black crackle or crystallized effect if he
desires. Prepared crackle lacquers can be obtained
from radio parts supply houses. They are applied with
a brush and on drying shrink and crack to give a
baked-on enamel appearance.



CHAPTER 11
READING RADIO BLUEPRINTS

IKE the model maker or the woodworker, the
amateur radio experimenter who builds sets or
services receivers will work for the most part from -
blueprints and diagrams obtained from books and
magazines. Differing from plans for a chair or a ship
model, however, a radio drawing is made up of various
. sf)ace-saving symbols that must be understood if the
'~ circuit is to be followed intelligently.

In most cases, these symbols are nothing more than
' ccmventxonahzed pictures. Like . the simple picture
drawings of the early Indians, they are a representa-
tion made with the fewest number of lines to give the
general appearance of the parts they represent. To
experiment with radio without knowing its symbols
and abbreviations is like trying to live in a country .
‘without knowing the language.

As shown in Fig. 17, the symbols that go to make
up a radio diagram are neither numerous nor diffi-
cult to learn. Once the amateur has mastered their
meaning and is able to visualize the parts they repre-
sent, even the most complicated circuit drawing be-
comes an easily followed series of simple pictures.

One of the best ways to learn -these symbols is to
associate them with the actual parts. As you con-
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struct a circuit, place each part in its proper position
on the blueprint and compare it with the symbol. Then
practice drawing the symbols yourself until you can
recognize them instantly. A few hours spent in learning
how a radio diagram is drawn will be time saved when
it comes to constructing a-circuit from a blueprint.
Two symbols that will be found in almost every
-radio diagram are the conventionalized drawings used
to indicate the ground and the antenna. Since the aver-
age antenna is simply a single wire rigged between
two insulators and connected to the receiver by a
single wire lead-in, the radio symbol is an inverted
triangle representing the antenna wire with a vertical
line drawn through the apex indicating the lead-in.
Similarly, the ground connection, which generally is
a pipe driven into the ground or some equivalent ar-
rangement, is represented by a vertical line leading
down to an inverted shaded- triangle symbolizing the
earth. Incidentally, this convention for a ground con-
nection also is used many times to indicate a connéc-
tion to thé metal of the chassis. However, when this
is the case it generally will be made clear by some
form of note lettered on the blueprint (see Fig. 18)..
Two types of condensers, fixed and variable, also
will be found in almost every radio circuit. Since the
essential parts of a fixed condenser are two metal
plates separated by some form of insulation called the
dielectric, its radio symbol consists: simply of two
heavy parallel lines drawn close together. On the other
hand, if the condenser is adjustable (variable), it is
indicated by making the lower line curved and supply-
ing it with an arrowhead. In the variable condenser
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symbol the curved line indicates the rotor or movable
plates of the unit.

Incidentally, another, slightly different symbol is
sometimes used to indicate a variable condenser. This

F1G.18

(T

ANT. A I\i\/l\q

wd

l DENOTES CHASSIS
CONNECTION UMLESS

OTHERWISE SPECIFIED

+A

consists of the symbol for a fixed condenser supple-
mented by a diagonal line with an arrowhead (see
Fig.  17). The difficulty with this type of symbol is
- that it provides no simple way of indicating which is
the stator (stationary plates) and which is the rotor
(movable plates).
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In many circuits several condensers so connected
that their rotors can be turned simultaneously with a
single shaft control are used. These are called gang
condensers and are indicated symbolically by dotted
lines leading from the center of each condenser to a
single horizontal line (see Fig. 17).

Resistances, which in one form or another play an
equally important part in radio circuits, are represented
by zigzag lines (see Fig. 17). Like condensers, re-
sistances also take on two forms; being either fixed
or variable. If the resistor is of the fixed type, it is
symbolized by a plain zigzag line, If, like the variable
condenser, it is adjustable, the zigzag line is supple-
mented by an arrow drawn through its center at an
angle.

Variable resistances are used in two forms known as
rheostats and potentiometers. In the rheostat, one con-
nection is made to the movable resistance arm while
the second is made to one end of the resistance wind- |
ing. The potentiometer has three connections. One is
‘made to the movable arm, another to one end of the
resistance, and the third to the other end of the re-
sistance.

Since the operation of the modern radio receiver or
transmitter is based on the vacuum tube, its symbol
will be encountered every time the amateur picks up
a radio book or blueprint. It is represented in circuit
drawings in a number of ways depending on the par-
ticular type and the number of internal elements it
uses.

Simplest of all common radio tubes, is the three-
clement filament variety. It consists mainly of a glass
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envelope or bulb, a tiny wire filament, a coil of wire
known as the grld and a flattened cylinder of metal
called the plate. The conventionalized symbol for this
type of tube consists of a heavy circle representing the
glass bulb enclosing a hairpin-shaped line indicating
the filament, a zigzag line the grid, and a square the
plate (see Fig. 17).

As the radio tube becomes more complicated so does
its symbol. If it is of the heater variety, having an
independently heated cathode instead of a filament,
the filament lines are replaced by a U-shaped heater
symbol and a line is drawn over the heater in the
form of a hook to represent the cathode. The grid and
plate are indicated as before.

If to this symbol, a cage of zigzag hnes is added so
that it encloses the square symbolizing the plate, it
indicates that the tube is of the screen grid variety
and the cage represents the screen. Symbols for still
other tubes having more than one grid contain addi-
tional zigzag lines to indicate these parts.

Although it is impossible for the amateur to learn.
the exact symbol for every type of tube that is manu-
factured, since more than eighty different varieties
are being made, he can, by memorizing the basic
symbols for grids, screen grids, plates, heaters, and
filaments, figure out the connections indicated by al-
most any drawing.

In simplified diagrams, the beginner may find that
the tubes are indicated by a slightly different set of
symbols. But this should give no trouble since the
filaments in this case are generally drawn V-shaped,
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the plates T-shaped, and the grids and screens as
dotted lines.

In picturing the countless other radio parts that go
to make up radio circuits, the symbols follow the same
‘simple rules. A coil of wire, for instance, is repre-
sented by a spiral line drawn to look like a pulled-out
spring. Two such coils drawn one on top of the other
indicate a coupled radio tuning coil such as the usual
type of plug-in coil employed in many simple receiv-
ers (see Chapter X). A single coil, supplemented by
the letters RFC indicates a radio-frequency choke.

If the part consists of one or more coils of wire
wound on a metal core, the core is represented by three
or four parallel lines drawn close together either
through the coils, between them, or alongside of them.

- . As an example, study the symbols for the audio trans-

former, power transformer, and filter choke.

Electric meters are indicatéd by small circles drawn
around letters to indicate the type. For instance, a
voltmeter is represented by a circle enclosing the let-
ter V, an ammeter a circle enclosing the letter A, and
a milliammeter the letters MA (see Fig. 17).

Simplest of all symbols, but at times the most con-
fusing, are the conventions used to indicate whether
or not two wires that cross each other in the diagram
are connected. There are two systems of symbols used
to distinguish wires that join from wires that merely
cross. One way is to make a looped curve in.one of
the lines (wires) to indicate that it is bent over the
other line (wire) and does not touch it. The other
method is to let the lines cross but to consider that
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they are not connected unless a dot is placed at the
junction point.

In some radio diagrams you will find that a combi-
nation of the two systems is used, but a brief study
of the lines generally will reveal what type of symbols
the designer used.

Headphones and microphones (see Fig. 17) are sym-
bolized merely by simplified pictures while loudspeaker
drawings will vary with the type of speaker. A mag-
netic speaker having two connections, generally is
represented by a spiral drawn around a single line
projecting from the apex of a triangle drawn to simu-
late the cone. The dynamic speaker, on the other hand,
consisting of a voice coil and a field coil is represented
by two spirals, one representing the field winding and
the other indicating the voice coil.

Radio Units

A theoretical wiring diagram is useful to the con-
structor only when it contains the necessary specifica-
tions for the parts. The type numbers of the tubes
must be given, the number of turns for the coils must
be indicated, and the values of resistances and con-
densers' must be clearly labelled. For this reason it is
imperative that the beginner learn the meaning of the
various radio units used.
~ As in all electrical work, the most used units are
volts and amperes. Because of space limitations, how-

" ever, it is usually impossible to spell these words out.

For this reason, the abbreviation “a” is used to indi-
cate amperes and “v”’ for volts.
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Since many radio measurements are extremely
small, smaller voltage and amperage unifs are some-
times used. These are the microvolt, the microampere,
the millivolt, and the milliampere. Being derived from
the ordinary metric system, micro means one one-
millionth part and milli means one one-thousandth
part. Thus, one microvolt indicates one one-millionth
of a volt while one milliampere represents one one-
thousandth of an ampere.

PRESSURE — VOLTAGE

==

QUANTITY OF WATER ~AMPERAGE e \A NI~V 4
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A good way for the beginner to fix the electrical
difference between volts and amperes in his mind is
to understand the water analogy shown in Fig. 19.
The amperage flowing in a circuit is the quantity of
electricity flowing and can be likened to the amount
of water passing through the pipes of a water system.
Voltage, on the other hand, like the pressure of the
water flowing, is the pressure of the electricity passing
in a circuit.

Condensers are devices for storing electrical energy
- and their capacity for storing this energy is measured
in farads. However, a condenser of one farad capac-
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ity would be a large affair so that a smaller unit, the
microfarad is the most common capacity unit used in
radio work. Like the microvolt or the microampere,
the microfarad is one one-millionth of a farad. Abbre-
viated to save space, it is written mfd. or merely mf.

A still smaller unit for condenser capacity is the
micromicrofarad or one one-millionth of one one-mil-
lionth of a farad. By division, it is easy to see that the

PREFIX MEANING
" pECt ONE-TENTH PART OF —"3'
CENTI ONE-HUNDREDTH PART OF 55
MIL OR MILLI | ONE ~ THOUSANDTH PART OF -.’o—'oo—

_ R S—
MICRO ONE-MILLIONTH PART OF 1,000,600

MICRO MICRO | ONE~MILLIONTH OF ONE MILLIONTH 1600 ocl>o 560,000

KILO ONE THOUSAND TIMES 1000 X
MEGA ONE MILLION TIMES 1,000.000 X
DEKA TEN TIMES 10 %

F1G. 20

mlcromlcrofarad is one one-millionth as large as the
microfarad. When abbreviated, the micromicrofarad is
written as mmf. (see Appendlx).
The fourth important electrical quantity is resis-
~ tance—the ability of a circuit, a part, or a lengfh of
wire to resist the flow of current. The basic unit of
-resistance is the ohm generally abbreviated as the
Greek letter omega (€2). Since large resistances often
are used in radio circuits, a larger resistance unit also-
is used. It is the megohm, representing one million
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ohms. In its abbreviated form, the megohm is written
merely as meg.

Incidentally, a table drawn up like that in Fig. 20
and tacked under the tool rack of his bench will help
the amateur in finding out quickly what the prefixes
micro, mega, milli, kilo, and micromicro mean when
encountered on a radio diagram or blueprint.

Another quantity that must be specified on a radio
diagram if it is to be of any use to the home experi-
menter is the number of turns of wire used on home-
wound coils. The turns in most cases are specified as
a number followed by the letter “t”. The notation
17%% t lettered next to a coil, for instance, indicates
‘seventeen and one-half turns.

To be complete, the size and kind of wire also must
be designated. In radio work, the gage can be assumed
to be the Brown and Sharpe or American wire gage
unless otherwise specified (see Appendix).

The wire used, in most cases, will be insulated and
the type of insulafion also should be specified either
on the drawing or in the list of parts. Insulations vary
from a coating of enamel to ene or two wrappings of
cotton or silk. In the specifications, they will be desig-
nated by the following abbreviations:

Single cotton covered....... S.C.C.or SCC
Double cotton covered...... D.C.C.or DCC
Single silk covered......... S.8.C.or SSC
Double silk covered........ D.S.C.or DSC

Single silk-cotton covered...S.S.C.C.or SSCC
Double silk-cotton covered..D.S. C. C. or DSCC
Enameled ................ Enam,
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Aids in Reading Diagrams

One of the best ways to understand the workings
of a circuit is to draw a simple picture wiring diagram
after carefully studying the circuit diagram and de-
ciding just what parts are required. A picture wiring
diagram, consisting of pictures of the actual parts
connected with bold pencil lines to represent wires, is
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easy to follow and will be of great assistance in plac-
ing the parts and arranging the panel and chassis. In
making a picture wiring diagram it is possible often
to eliminate wires and simplify the connection by mak-
+ ing one wire serve where two wires are shown in the
circuit diagram. A picture diagram of this type is
- shown in Fig. 22. It corresponds to the circuit dia-
gram given in Fig. 21. As an exercise in blueprint
reading, draw a picture diagram from Fig. 21 and
then compare it with Fig. 22 as a check on your
knowledge of symbols,
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Arranging the Parts

The simplicity of a radio circuit and the ease with
which it can be assembled and wired will depend to
a great extent on the way in which the various parts
are placed on the chassis and panel. For this reason,
many amateurs desire to bujld a circuit bread-board
- fashion before attempting to mount it in its finished
form.

Study the circuit and attempt to group the parts.
A condenser and a resistance that are to be connected
should be placed adjacent to one another. Short con--
necting leads are a desired feature in any circuit and
" especially in those designed to cover the short waves.

The same procedure should be followed in planning
and laying out the panel. Controls mounted on the.
front panel should be placed at the right, at the left,
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or in the center to match up with connecting parts.
Phone or speaker terminals should be placed close to
the audio end of the circuit while antenna and ground
binding posts should be located near the coils and
tuning condenser. If the circuit is to be battery oper-
ated, the battery terminals at the rear of the chassis
should be as close as possible to their points of en-
trance into the circuit.

Checking Your Circuit

Once you have constructed your circuit, your first
important job will be to check it for errors. Of course,
the simplest way to do this is to compare it, wire for
wire, with the original diagram or blueprint. However,
by this method it is possible often to completely miss
a connection or pass over the same mistake repeatedly
without: noticing it. A better way is to put your origi-
nal circuit diagram away and with a pencil and paper
make your own drawing of the circuit as you have
wired it. This drawing then can be compared with the
original circuit diagram. If any connections have been
omitted or made to the wrong parts, the differences in
the diagrams will make it possible for you to locate
them quickly. ~

Above all, do not be in a hurry to connect your
power supply in order to try the set out. A few min-

“utes spent in checking the circuit is time well spent
if by so doing you can avoid burning out a tube or
ruining a coil.



CHAPTER 111
MEASUREMENTS, FORMULAS, AND DEFINITIONS
ROM time to time in your radip work you will
find it necessary to make certain electrical meas-

urements. This will be particularly true if you extend
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_ your hobby into the spare-time servicing of ailing
receivers. Unknown resistances must be made known,
voltages must be measured, and various amperages
must be tested. In this part of your work, the electric
meter will serve as your yardstick (see Fig. 23).

46
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b

Although various types of meters exist, the most
important from the amateur’s and serviceman’s stand-
point are the direct-current milliammeter and the di-
rect-current voltmeter.

The Milliammeter: Physically, the direct-current
milliammeter is"the simplest type of meter. It consists
of a delicate coil of wire fitted with a slender pointer

AMMETER OR MILLIAMMETER
CONNECTED IN SERIES
r/ WITH CIRCUIT

. CURRENT
“SOURCE
VOLTMETER /
CONNECTED

FIG. 24 ACROSS .CIRCUIT

Q
£

CURRENT _
. SOURCE

and pivoted freely between the poles of a horseshoe-
shaped permanent magnet.

In use, it is connected in series with the circuit in
question. As the direct current flows through the wind-
ings of the coil, magnetic lines of force are set up by
the wires and the coil becomes a miniature magnet
having a north as well as a south pole. Being mounted
between the poles of a permanent magnet, the coil
turns to suit the repelling action of like poles and the
attracting force of unlike poles. As more current flows
through the coil, the lines of force become stronger,
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and the turning of the coil becomes greater. Since the
amount of deflection or turning of the coil is directly
proportional to the amount of current flowing in the
wire, the arrangement serves as an accurate gage of
the relative strengths of electric currents.

- MILLIAMMETER
PLLUS
SHUNT

FI1G. 25

L MILLIAMMETER
PLUS
SERIES RESISTOR

VOLTMETER

Because the coil is composed of fine wires which
can stand only small quantities of current, the milli-
ammeter must be connected in series with the circuit
and never across it, Fig. 24. Measurenifents made with
a milliammeter are called milliamperes (1/1000 am-

pere).
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The Ammeter: By adding a shunt resistance across
the terminals of an ordinary milliammeter, as shown
in Fig. 25, we can transform it into an ammeter. In
the case of regular commercial ammeters, this shunt-
ing resistance often is a part of the meter case. Meas-
urements made with an ammeter are called aiwperes
(1,000 milliamperes), the standard unit for current.
The ammeter is connected in series with a circuit.

The Voltmeter: Like the ammeter, the voltmeter
also is an adaptation of the milliammeter (see Figs. 24
and 25). However, instead of a shunt, a series resis-
tance is used to make the conversion. For example, a
o to 1 voltmeter is nothing more than a standard o to 1
milliammeter having a 1,000-ohm series resistor con-
nected to it while a o to 1o voltmeter has a 10,000~
ohm series resistance, and a o to 100 voltmeter em-
ploys a 100,000-ohm series resistor. The voltmeter is
connected across the circuit.

Extending Meter Ranges: Since the difference be-
tween milliammeters, ammeters, and voltmeters is
merely the size and position of a resistance, it is a
simple matter to alter the scale range of any meter
simply by changing the value of the resistance.

For example, the range of an ammeter can be in-
creased by connecting an external shunt across its
terminals. The value of this shunt, depending on the
range desired, can be calculated in the following way:
Multiply the internal resistance of the meter (resis-
tance of coil and built-in shunt) by the actual maxi-
mum reading of the meter’s scale and divide the result
by the difference between the maximum scale reading
desired and the actual maximum scale reading (see
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Fig. 26). This same formula can be used in figuring
the value of a shunt for transforming a milliammeter
into an ammeter,

ACTUAL SCALE
SCALE DESIRED

INTERNAL RESISTANCE OF METER
(onms) \

0 oL
g0l

= SHUNT RESISTANCE

R (onms) = g‘_ss

FIG. 26

In the same way, the range of a voltmeter can be
increased. In this case, as already described, the re-
sistance is not shunted across the terminals of the
“meter but is connected in series with it. To calculate"
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the value of this resistance, divide the difference be-
tween the maximum scale reading desired and the
actual maximum scale reading by the actual maximum
scale reading and multiply the result by the resistance
of the meter (see Fig. 27).
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Of course, when the scale range of any meter has
beew increased through the use of shunts or series re-
sistors, the actual scale reading by the pointer must
be multiplied by a correction factor to obtain the ac-
tual value of voltage or amperage across-the terminals.
This factor will be equal to the new maximum scale
reading divided by the original maximum scale read-
ing. , .
Measuring Alternating Currents: Small alternat-
ing current readings also can be made with a direct-
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current meter if a small copper oxide rectifier, such
as shown in Fig. 28, is connected in shunt across the
meter binding posts. Measuring less than an inch
square, this useful dry rectifier consists of a series of
alternate disks of copper and copper oxide. The action
of the tightly clamped plates is to change the alternat-
ing current to pulsating direct current so that it can
be measured by the direct-current instrument.

=
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A Multi-Purpose Test Meter

- By making use.of the simple milliammeter and its
various possible ramifications, the amateur can supply-
himself with an inexpensive multi-purpose test meter. =
By connecting this one meter as shown in the diagram
of Fig. 29, he can measure voltages and amperages and
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find the values of unknown resmtances No one piece
of measuring equipment will prove more useful ‘than
this combination voltmeter, milliammeter, and ohm—
meter.

Besides a D. C. milliammeter (o-r MA), you wiil
need five resistances; two shunts; two test plug jacks;
a four and cﬁe-half-volt C battery; two single-pole,
single-throw toggle switches; and four double-pole,
single-throw toggle switches. Although the various
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§witches, the meter, and the resistances can be
mounted on an open board, the test meter will form
a handier unit if it is mounted in some sort of box
or case, as shown. For this, the amateur experimenter
can obtain an old composition box of the type used
to house large meters.

The meter circuit, as shown by the diagram, is di-
vided roughly into three parts—the switches and

FlG.30-

shunts which control the milliampere readings, the re-
sistances and switches for voltage measurements, and
the résistances, switches, and C battery for finding
resistatice values.

“The four- and one-half-volt battery, the resistances,
and the shunts can be mounted inside the meter case.
If resistances of the bobbin type are used, they can
be stacked on brass bolts in the lower corners of the
case. No matter what class of resistors are used, how-
“ever, they must be wire wound and accurately cali-
brated. :
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To simplify the resistance readings taken from the
o to 1 milliampere scale of the meter, a conversion
table or scale must be used. Such a scale, calculated
for a 0 to 1 milliammeter having an internal resistance
of twenty-seven ohms, is shown in Fig. 30. It can be
mounted directly under the meter glass where it will
be in constant view.

Three tabulations of two columns each are given.
One for the low readings at the left, one for medium
readings in the center, and a third for high readings
at the right. In each tabulation the left-hand column -
indicates the resistance in ohms for the correspond-
ing meter reading in hundredths of a mllhammeter
shown in the right-hand column.

For instance, let us suppose that the low resistance
switch is in use and the meter reads .54. Running up
the right-hand column of the first tabulation, we find
40 opposite 54. This indicates that the resistance con-
nected to the meter has a resistance of 40 ohms.

Voltage and milliampere measurements can be read
directly from the original meter scale once the full
range of the scale has been converted to agree with -
the switch in use. In each case, however, be sure to
start with the larger value switch and work down.
1t will prevent accidentally overloading the meter and
eliminate the possibility of harming its delicate mech-
anism,

Measuring Capacities

With the equipment described so far, three impor-
tant electrical quantities—voltage, amperage, and re-

-
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sistance—can be measured. There is, however, another
important quantity that enters into radio circuits..
This fourth quantity is capacity.

Although the accurate measurement of the capacity
of a fixed condenser represents quite a problem as far
as the amateur and his meager supply of equipment

ELECTRIC
BULD

are concerned, a simple test will allow a rough approxi-
mation that will serve in most cases.

A fixed condenser of any capacity placed in a cir-
cuit will prevent the flow of direct current without
hindering the passage of alternating current. The
amount of alternating current that will flow through
the condenser depends on the voltage, the frequency
of the alternation, and the capacity of the condenser.
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These facts provide a simple way of obtaining a
rough approximation where the capacity of a medium-
or large-sized fixed condenser is required.

As shown in Fig. 31, all that is required are four
electric light bulbs having ratings of ten, fifteen, twen-
ty-five, and fifty watts; a set of test prods (see
Fig. 6); a lamp socket; and a source of 110-volt alter-
nating current. A few feet of ordinary lamp cord also
will be needed for making the connections.

Connect the electric light socket to one end of the
twisted lamp cord and attach an ordinary plug to
the other end. Then cut one of the two leads between
the plug and socket and to each of the free ends at-

_ tach a test prod. With an electric light bulb in the
socket and the plug inserted in the rro-volt supply,
the lamp should light when the two prods are touched
together. '

The approximate capacity of a fixed condenser is
determined by connecting the test prods to the termi-
nals of the condenser in question and estimating the
actual flow of current in the circujt by the relative
glow of the light bulb. If, for example, the condenser
being tested has a capacity of one-half microfarad, the
ten-watt lamp will glow red and the glow of the fif-
teen-watt lamp when it is placed in the socket will be
barely perceptible. 4f the condenser has a capacity of

" one microfarad, a fifteen-watt bulb will glow red and
tﬁ;tmgty-ﬁve—watt lamp will glow a dull red.

widdmailarly, with a two-microfarad _condenser, the
e ,_’ y-ﬁve—rwatt lamp will glow a dull red and a three-
microfarad unit will make the twenty-five-watt bulb
glow bright red. To continue, a fifty-watt bulb will be
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very dim with a four-microfarad condenser but will
be bright red with a six-microfarad condenser.

If you have a supply of fixed condensers of various
known capacities, try these tests over and over again
until you can visualize the effect each has on bulbs of
various wattages. Once you have established a definite
relation, you will have little difficulty approximating
the capacity of any large- or medium-sized condenser.

If on testing a condenser of any capacity, the bulb
appears as bright as it is when the two test prods are
touched together, it is an indication that the current
is flowing full strength due to a short circuit or a blow-
out in the condenser. '

Identifying High Voltages

A similar kink can be used by the experimenter to
find the approximate values of high voltages.

You may, for example, have on hand a power trans-
former that was installed originally in a factory-built
set. Of course, the ideal and most nearly accurate
way to determine the voltages available from its sec~
ondary would be to use a multi-range alternating-cur-
rent voltmeter. However, lacking such equipment, you
can readily identify each of the secondary windings
with the aid of a few electric lightbulbs,

Usually, a power transformer has a center-tapped
high-voltage winding which may develop from 2qo-to
300 volts each side of the center tap. Between -the
outside terminals, a voltage as high as 600 volts may
be expected. The first job will be to locate these three
wires,
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First, connect five or six fifteen-watt, r10-volt elec>
tric light bulbs in series, as shown in Fig. 32. Then
attach a test prod to each end of the series arrange-
ment. Finally, after making sure that all of the sec-
ondary wires are standing apart and are well insulated

SERIES ~
CONNECTED
ELECTRIC LIGHT
BULBS

from one another, connect the primary of the trans-
former to the rro-volt lighting circuit.

Carefully touch the tips of your test prods to vari-
ous pairs of wires extending from the secondary side
of the transformer. When you hit the wires leading
from the ends of the high-voltage winding, the series-
connected bulbs will glow brightly. Then, touching
one of these wires and the center-tap wire will cause
the bulbs to glow only half as bright (indicating half
voltage).

Once the high voltage windings have been located,
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tagged, and insulated to avoid the danger of a shock,
proceed to experiment by touching the remaining wires
with your test prods. In making these lower voltage
tests, however, a single two- or four-candlepower, six-
volt automobile bulb should be substituted for the
five or six 110-volt bulbs in the test prod circuit.

Calculating Resistance and Condenser Circuits

Since the average radio circuit consists principally -
of various fixed resistances and fixed condensers con-
nected in a variety of ways, the amateur often will
find it necessary to calculate the combined resistance
or capacity of groups of parts. Calculations of this
type will be particularly valuable when making sub-
stitutions for faulty units in a circuit. If the exact
part is not available at the time, two or three units
can be connected together in such a way as to give
the desired resistance or capacity.

Three general types of connections are possible with
a group of resistances or a group of condensers. They
may be connected in series like a chain, in parallel
like the rungs of a ladder across the uprights, or in
a combined form called series-parallel. Figure 33 illus- -
trates these various arrangements.

Calculating the Combined Value of Series Resis-
tances: Computing the combined resistance of a
group of resistances.connected in series is one of the
simplest of circuit calculations. The individual re-
sistance values simply are added together to give the
overall resistance. As an arbitrary example, if a 3,000-
ohm, a 10,000-0hm, and a 3-megohm (3,000,000 chms)
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resistance are connected in series the combined resis-
tance will be 3,013,000 chms,

Calculating Resistance in Parallel: Parallel con-
nected resistances present a slightly different problem
(see Fig. 33). In this case, the overall resistance is
not equal to the sum of the various values but to the
reciprocal of the sum of the reciprocals. In other
words, when four identical (equal) resistances are
connected in parallel, the total resistance will be equal
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to only one quarter the resistance of one unit. The
more resistance you connect in parallel, the more wires
there will be for the current to flow through, and the
more the total resistance of the circuit will be reduced.

Series resistances increase the total resistance of a
circuit, while parallel-connected resistances reduce it.
If a 100- and a 200-ohm resistance are connected in
series the total resistance will be 300 ohms, but if
they are connected in parallel, their total resistance
will equal only 66 2/3 ohms.

Condensers in Series: With a group of condensers
connected in series (see Fig. 33), the effect is to de-
crease the overall capacity. The formula resembles
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that used in the calculation of resistances in parallel—
the overall capacity equalling the reciprocal of the sum
of the reciprocals.

Condensers in Parallel: When condensers are con-
nected in parallel, the effect is to increase the overall
capacity. Like resistances connected in series, the total
capacity equals the sum of the individual capacities.

Briefly then, condensers placed in series decrease
the capacity, while condensers placed in parallel in-
crease the capacity.

Series-Parallel Connections: In figuring the com-
bined values of either resistances or condensers in
series-parallel (see Fig. 33), both the series’and the
parallel formulas must be used. The make-up of the
circuit in each case will decide in what order the cal-
culations are to be made.

Ohm’s Law

One of the most important formulas or rules in radio
and electrical work is what is known as Ohm’s law.
It gives the relation between the voltage, the amperage
(current), and the resistance in any circuit. Knowing
any two of these values, the third and unknown can
~ be found merely by simple substitution. How the law
* can be applied is shown graphically in Fig. 34.

Stated in words, Ohm’s law says that the voltage
(E, standing for electromotive force) in any circuit is
equal to the amperage (I) multiplied by the resis-
tance (R).

As an example, suppose a current of four amperes
flows through a resistance of thirty ohms. Applying
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e

Ohm’s law and multiplying we find that the voltagel-v -
is equal to 120 (4 X 30) volts. =
In the same way, by using the formula in a slightly
different form we can solve for either the resistance
or the current, depending on which two of the-three
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quantities are known. Current then will be equa!' o
the voltage divided by the resistance while the resis-
tance can be found by dividing the voltage by the cur-
rent. The three variations of thls formula are given in
Fig. 34.

Frequencies and Wave Lengths -

The dimensions of radio waves issuing from a trans-
mitter can be specified in two ways—as frequency or
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wave length. As the names imply, wave length is the
length of each radio wave from crest to crest, like
the distance between the tops of two breakers as they
roll into a beach from the ocean (see Fig. 35), while
the frequency is the number. of these waves that pass
any one point in a second.

Since the speed of radio waves is fixed at approxi-
mately 186,000 miles or 300,000,000 meters a second,

00,000
) 1 rreEQuUENCY __ _300.000
. WAVELENGTH (knocycLes) WAVELENGTH
(METERS) . (METERS)
) 300,000
WAVELENGTH o —-———-FRE'Q’UENCY
(Mm=TERS) (KILOCYCLES)
FiG. 35

/it is obvious that there is a definite relation between
the wave length and the frequency. Knowing how to
convert from one to the other is particularly useful to
the amateur experimenter, since both values.rarely are
given in the listings of stations.

For consistency, wave lengths are measured in
meters and frequencies in kilocycles (1,000 cycles).
When it is stated that a station has a frequency of 760
kilocycles, it means that in that particular wave,
760,000 waves pass any one point in a second. Since
radio travels at a speed of 300,000,000 meters a sec-
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ond, the wave length then must be equal to 300,000,-
ooo divided by 760,000 or approximately 395 meters.

Expressed in simpler terms, the relation between fre-
quency and wave length is as follows: Dividing
300,000 by the wave length in meters gives the fre-
quency in kilocycles while dividing 300,000 by the
frequency in kilocycles gives the wave length in meters
(see Fig. 35).

Important Radio Definitions

Alternating Current—An electric current that reverses
its direction periodically. Wires connected to an al-
ternating current source are neither negative nor '
positive but become first one and then the other
according to a definite cycle.

Audio Frequency—An audio frequency is any fre-
quency within the range of audible sound. It differs
from a radio frequency in being a vibration in air
instead of in the ether. Audio frequencies are very
much slower than radio frequencies. Deép, bass
sounds have frequencies as low as 16 or 20 vibra-
tions (cycles) a second. High shrill sounds may
have frequencies as high as 25,000 or 30,000 a sec-
ond.

Ampere—The standard unit for electric current. It is
the amount of current that will flow in a circuit hav-
ing a resistance of one ohm and fed by a voltage of
one volt. ' .

Choke Coil—A choke coil is a coil of wire used to
present an obstruction to the passage of an‘alternat-
ing current.
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Carrier—A. transmitting station does not send out a
single wave corresponding to the sounds that it in-
tends to transmit. Instead, it sends out a funda-
mental wave, called the carrier wave, which has a
uniform frequency, and superimposes the sound
message on it.

Cycle—A cycle is one complete series of events. In the
case of an alternating current, it is pne complete set
of positive and negative alternations.

Detector—The detector in a radio circuit is a device
that stops one-half of the alternations of a radiq-
frequency wave and penmts the other half to pass
through. In other words, it is a rectifier that changes
the high-frequency oscillations into a pulsating di-
rect current which will operate earphones.

3 « Direct Current—Unlike an alternating current, a di-
rect current does not reverse. If twb wires are con-
nected to a direct-current source, one will remain
positive and the other negative,

Farad—The farad is the unit of capacity. Since a con-
denser having a capacity of one farad would be
lagge, smaller units, the microfarad (x/1,000,000 of
a farad) and the micromicrofarad (1/1,000,000,
ooo,000,0f a farad) are used.

Frequency——The number of complete cycles that oc-
cur in one second.

Henry—The unit of inductance.

Impedence—Impedence is the opposition of an elec-
trical circuit to the flow of alternating current.

Inductance—The property of a coil or circuit to store
up electrical energy in electromagnetic form.
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Okm—The ohm is the unit of resistance. It is the

- amount of resistance that will allow a current of
one ampere to flow under a pressure of one volt.

Radio Frequency—Any vibration faster than audio
frequency is called a radio frequency. The wave
sent out by a transmitter is a radio frequency.

Volt—The volt is the amount of pressure that will
force one ampere of current through a resistance of
one ohm. It is often referred to as the electromotive
force.

Watt—The watt is the unit of electric power. It is
calculated by multiplying the voltage of the circuit
by its amperage.

Wave Lengtlz——The distance in meters between corre-
sponding points in adjoining waves.



CHAPTER IV
- SIMPLE RADIO TESTS

RYING to locate wiring errors in a receiver can

be difficult enough without complicating the -

problem by including a defective part in the assembly.

For this reason it will pay the amateur to test each

part before wiring it permanently into the circuit.

This will be particularly true when old parts, salvaged
from discarded sets, are used.

Fortunately the testing of the various parts that go
to make up a radio circuit requires no gréat amount
of skill or equipment.

Testing A Condenser: A fixed condenser can
be tested by connecting it in series with a battery and
a voltmeter as shown in Fig. 36. If the voltmeter
shows a momentary deflection, the condenser is a good
one. However, if a constant defiection is noted it is a
sign that the condenser leaks. If the full voltage of the
- battery used in the circuit is registered by the meter,

the condenser is short-circuited at some point.
Another simple test for a fixed condenser replaces,
the meter with a pair of earphones (see Fig. 37). The
- condenser in question is placed across the terminals of
a small battery, Then, it is removed and the cord tips
from a pair of earphones are connected in the battery’s
place. If a sharp click is heard in the earphone at the
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instant the tips are connected, the condenser gives evi-
dence of being in good shape.

As a final earphone test for a shorted condenser,
connect the phone tips to the terminals of the con-
denser and connect one terminal of the battery to one
of the terminals on the condenser. Then snap a wire
from the other terminal of the battery to the second
terminal of the condenser. If the condenser is com-
pletely short-circuited, there will be practically no
- click in the earphones (see Fig. 39).

Since a condenser in good condition will not pass
direct current, the ochmmeter also can be used as a
test. A leaky condenser will allow some of the cur-
rent to pass and a slight deflection will be noted on
the ohmmeter.

If you suspect that the plates of .a variable con-

denser are touching at some point, connect the con-
denser. in series with the headphones and a small
battery, as indicated in Fig. 38. If the plates do touch
at any point, an ear-splitting clatter will be set up in
the earphones when the movable plates are turned.
- Testing For Open Circuits: Tracing an open cir-
cuit sometimes is referred to as continuity testing.
For this, some ohmmeter arrangement, such as shown
in Fig, 40, presents the best check since the resistance,
as well as the continuity of the wire, can be tested.

A pair of earphones connected to a small battery
also can be used to check continuity. The two free
ends of the series circuit are fitted with test prods, as
shown in Fig. 41. The prods thep can be touched to
each side of the part being tested. If a click is heard
in the earphones, it indicates that the cixvent from
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the battery is passing and that the part is in good .
shape. One difficulty with this test arrangement is that - .

the faulty part being tested may be grounded at some

point .in which case the telltale click also may be
heard.

Using a variation of this same arrangement the ex-
perimenter can make a handy vest-pocket continuity
tester from a small flash light of the fountam—pen type,
Fig. 42. Besides the flash-light case and battenes,
which can be purchased for very little, all that is re-
quired is a long brass machine screw and nut, a few
fiber washers, a few feet of high-grade flexible in-
sulated wire, and a spring battery clip.

As shown .in the drawing, the machine screw,
sharpened at the outer end is inserted through a small
hole drilled in the clgsed end of the metak,Bash-light
case. The head of the long screw serves as the con-
tact for' the lower end of the battery circuit, while
the outer end, sharpened to a slender point with a file,
serves as the test prod. A long flexible wire soldered
to the flash-light case and terminating in a small bat-
tery clip serves as the second terminal.

To use the pocket tester, clip the wire to one ter-
minal of the part to be tested and touch the pointed
test prod to the other terminal. If the circuit is con-
tinuous, the lamp at the upper end of the flash light
will glow. -

One difficulty presents itself with a tester of this
type, however. Since the initial voltage available from
the battery is low, the current will be forced only’
through circuits of relatively low resistance. For this
reason, while it will serve effectively in testing low-
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resistance circuits such as coils, low-value resistors,
etc., it will be of little use on units that are known to .
have a high resistance.

By supplying the point of the test prod with a sim-
ple leather sheath, the tester can be carried conveni-
ently in your vest pocket. The wire can be coiled
around the flash-light case.

Testing Transformers: 1If an audio transformer is
thought to be defective, its windings can be tested for
breaks by making use of the earphone-battery circuit
which forms the basis of the condenser test. Hook one
phone tip to the terminal of a small battery (a C bat-
tery will serve), connect the other battery terminal to
one primary terminal of the transformer, and touch
the remaining phone tip to the second primary ter-
. minal (see Fig. 43). If a good snappy click is heard
when the contact is made and again when the contact
is broken, you can be sure that nothing is wrong with
the primary winding. Repeat the process to test the
secondary If the click is extremely faint or inaudible,
the wire of that particular winding is broken at some
point. As in all continuity tests, an chmmeter also can
be used to test transformers.

Power transformers can be tested by makmg use of
the simple kink for identifying high voltages as de-
scribed in Chapter III and illustrated in Fig. 32.

Testing Coils: Almost any of the continuity tests
already described can be used to test radio-frequency
coils, plug-in coils, and radio-frequency chokes for
open circuits.

Testing A Dynamic Speaker: Among the possible
electrical troubles that can befall a dynamic speaker

/
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are a burned out field coil, a burned out or broken
voice coil, and a loose connection.

SPEAKER TESTS

If the field coil burns out, the speaker will continue
to operate, but the volume will be much less, dropping
so low that the signals can be heard only faintly even
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" when the volume of the receiver is turned full on. A
- sure test for field coil operation is to hold the end of
a screw driver near the pole piece, either at the front
or at the rear (see Fig. 44). It should be strongly
attracted to it. If it is not, then either the field coil is
burned out or there is a broken connection in the wires
leading to the field coil.

A burned out voice coil on the other hand will com-
pletely silence the speaker. The simplest test for this
ailment is to resort again to the battery and earphone
test set (see Fig. 45). Connect the small battery and
the earphones in series as before and touch the two
free ends of the circuit to the ends of the voice coil.
If you hear the familiar click-clack as you make and
break the circuit, the coil is in good condition. If you
do not hear it, the coil is broken at some point.

Loose connections in the speaker leads result in in-
termittent operation or in excessively noisy and irreg-
ular volume. Breaks in the circuit can be found by
resorting to any of the continuity tests already de-
scribed.

Another loudspeaker trouble that will ruin the tone
of the unit is a warped or off-center voice coil. This
can be detected by following the procedure shown in
Fig. 46. There should be sufficient clearance between
the pole piece and the inside of the coil to take a piece
of ordinary writing paper. Cut a strip about 2 half
inch wide, slip it into the opening, and test to seé¢ if
it can be moved completely around the crack. .

Testing Eorphones: Earphones can be tested read-
ily by touching one cord tip to one terminal of a small
battery and snapping the other against the other bat-
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tery terminal. A sharp click means the phores are in
good condition. If you have no battery handy, place
one of the cord tips in your mouth and touch the other

POLARITY TESTS

to a gold ring worn on your hand, A faint click will
be heard if the earphones are in good shape.

Testing for Polarity: Very often, it is necessary to
determine which of two wires carrying direct current
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is the positive terminal. This can be done in several
ways. A voltmeter, of course, is the obvious test. How-
ever, if one is not available, attach a copper wire to
each of the terminals of the current source and im-
merse the uninsulated ends in a glass containing water
to which a small amount of salt has been added. Hold
them about an inch apart. As the electric current
passes through the water and decomposes it, bubbles
of hydrogen will collect around one of the wires. This
will indicate the negative terminal (see Fig. 47).

By soaking ordinary white blotting paper in a solu-
tion of salt water to which a few drops of phenol-
phthalein solution have been added, regular test polar-
ity paper can be made. The paper then can be allowed
to dry and stored for future use. When the necessity
of a polarity test arises, simply dampen the paper and
touch the bare ends of the two wires to it as shown
in Fig. 48. The area of paper surrounding the negatwe
wire will turn red.

In another type of simple polarity test a fresh slice
of raw potato replaces the prepared test paper. When
the two wires are touched to the white of the potato,
a green spot will appear around the positive terminal
(see Fig. 49).

Testing A Ground: When an external ground, in
the form of a length of pipe driven into the earth, is
used, there is always some doubt as to its efficiency.
A foot of pipe driven into ground that is continually
moist will form a good ground while ten feet of pipe
sunk in dry sandy soil will be ineffective.

If you have a 1ro-volt lighting circuit in your
home, however, you can determine the effectiveness !
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accurately and easily. This test is based on the fact that
one of the wires in all ordinary lighting circuits is at
ground voltage while the other is at a potential of 110
volts with respect to the first wire or the ground.

The general arrangement used in making the ground
test is shown in Fig. 50. It consists simply of connect-
ing a wire to your ground, running it to one side of an
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electric light socket, and connecting the other side of
the socket to one of the terminals on an ordinary elec-
tric cord plug.

Place an electric light bulb in the socket and push
the plug into the nearest wall receptacle. If you do
not have a wall receptacle, insert the plug into a screw
receptacle placed in some near-by screw fixture. If the
lamp fails to light, reverse it so that the plug connec-
tions are interchanged.

Should the light fail to glow in both cases, you can
be sure that the ground will be of little use in radio
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work. If, on the other hand, the bulb glows with nor-
mal brilliance with the plug in any one of the two pos-
sible positions, the ground should give good radio
results. However, since the moisture content in the
ground often varies with the temperature and the
weather, it will be well to try this test on three or
four different occasions before you give it your final
approval.

ANTENNA
GROUND

OHMMETER

Testing an Antenna for Grounds: Once you have
determined the efficiency of a ground, you can test
the insulation of the antenna. To be most effective,
the antenna, of course, should be free¢ from any con-
tact with the ground, no matter how. remote. The test
consists simply of substituting an-‘chmmeter for the
antenna and ground terminals of the receiver as shown
in Fig. 51. Since there should be no complete circuit
between your antenna and ground, no reading should
show on the ochmmeter.



CHAPTER V
RADIO KINKS AND SHORT CUTS

LTHOUGH care and patience are the first rules

of success in building sets and servicing them,

time often can be saved by making use of simple kinks
and short cuts. ’

Making @ Duplicate Coil: Sooner or later in your
radio work, you will want to substitute a tuning coil
wound on a larger or smaller core than the one
specified in the wiring diagram for, the set you are
building. You will then be confronted with the prob-
lem of figuring the correct number of turns to get the |
smaller or larger diameter coil to tune to the desired
wave band. .

Fortunately, the problem is not as complicated as it
at first appears. If the change in diameter does not
exceed twenty-five to thirty percent, the number of
turns can be changed inversely in proportion to the
change in diameter. For example, if the drawing or

parts list for a particular set calls for a three-inch
~ coil having fifty turns, a two- and one-half-inch form
will require sixty turns while a four-inch coil will need
thirty-seven and one half turns to give the same tuning
results. In other words, simply multiply the number of
turns on the specified coil by its diameter and divide
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the result by the diameter of the coil form you wish
to use (see Fig. 52).

Along the same line, there may be times when you
will have a certain size wire on hand and will want
to substitute it for a specified size. This also can be
done provided the wire is not so large that it takes up
more space than is available for the winding. However,
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since any form of computation for this change would
be a complicated procedure, the amateur experimenter
will do best to proceed by the method of trial and
error. For any given diameter of coil form, the larger
the size of the wire you use, the greater will be the
number of turns required. If the specifications call for
a No. 24 wire and you use a No. 22, it will be neces-
sary to increase the number of turns to obtain the re-
quired tuning results. On the other hand, if a No. 26

an
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wire is used in place of No. 24, decrease the number of
turns. In winding a coil, make a few turns more than
you estimate. Extra turns can be removed easily but
additional turns cannot be added without bothersome
soldering and patching. Simply experiment until you
strike just the right number. '

The type of insulation on the wire affects the speci-
fications of the coil only so far as its relative thickness
alters the spacing between turns. If there is a great
difference in the thickness of the insulation used and
that specified, it may be necessary to increase the num-
ber of turns slightly to make up for the decrease in
induction caused by the wider spacing (see Appendix).

Space-Winding Coils: When a radio tuning coil is so
wound that there is space between adjacent turns, the
coil is said to be space-wound. This type of winding
is often desirable on broadcast coils and almost es-.
sential on short-wave coils since it reduces the ca-
pacity. In most cases, space winding is specified as so
many turns per inch.

Space winding can be accomplished in various ways.
If an engine lathe is available, the coil form can
be placed in the lathe and grooved with a thread-
cutting tool for the proper number of turns per inch.
The wire then can be wound accurately in the groove.

However, since few radio amateurs have access to
an engine lathe, another simpler method generally is
employed. This consists of winding a thread or cord
on the coil form along with the wire as shown in
Fig. 53. If the spacing between turns is specified, use
thread or cord of that diameter. If the turns per inch
are given, a few trials with strings of various diameters
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will soon show you how to obtain just the right
spacing. .

Once the coil is wound, fasten the ends, carefully
unwrap the string, and tack the wire to the form with
rubber cement or collodion in several places to hold it

in place. Shellac often is specified for this work, but
should be avoided if possible as it tends to increase
the resistance of the coils when they are to be used
for short-wave reception.

Another way to space-wind coils that is perhaps
simpler and more effective is shown in Fig. 54. Instead
of the spacing string described above, a simple
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weighted loop hung over the coil form automatically
separates the turns just the required amount. This
eliminates the necessity of watching a spacing string
as well as the wire and allows you to pay more atten-
tion to the winding of the wire.

When you have selected your wire, attach one end
of it to the coil form at the point where the winding
is to start and fasten the other end to some convenient
anchor such as a door knob or a heavy chair. This
will make it possible to hold the wire taut for the en-
tire length of the wmdmg

The next step is to select a short length of flexible
wire or heavy cord whose diameter is equal to the
width of the spacing desired. Twist it to form a closed
loop about eight inches long, fasten a small weight to
the lower end, and slip the loop over the coil form.

When this has been done, you will be ready to pro-
ceed with the actual winding. Hang the loop over the
form in such a way that it will follow the winding as
the coil is turned. To do this, it will be necessary to
have one full turn on the coil. Once in position, the
loop, held taut by the weight, will space each pair of
adjacent turns just the required amount. To insure
accurate spacing, push each turn up flush against the
spacing loop as the coil is turned. Your thumb nail will
act as a good prod in this portion of the work.

When the coil reaches the required number of turns,
lift the loop from the coil, fasten the wire, and proceed
with the tacking process already described.

Making Plug-In Coil Forms: Although ordinary
tube bases often are used as the forms of plug-in coils,
the amateur can make a much neater form by using
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the kink illustrated in Fig. 55. Instead of winding the
wire directly on the tube base as is frequently done,
prepare a separate form by placing two tube bases end
to end and wrapping them with a strip of stiff paper.
The end of the strip should be cemented in place.
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When the cement has dried, remove one of the tube
bases, cement the paper form permanently to the other
tube base, and stiffen it with a coat or two of lacquer
or cement. Since the new form will be double the
height of a single tube base it will provide more space
for the windings.

As tube bases form a necessary part of homemade
plug-in coils and adapter plugs, the amateur will have
many occasions for removing the base from an old
tube. To do this quickly, wrap the bulb of the burned-

out tube in several thicknesses of cloth, place it on ~

your workbench or any other hard surface, and strike
it a sharp blow with a hammer or the handle of your
screw driver.

To remove the fine wires that originally connected
the various tube elements with the prongs, grasp each
wire in turn with a pair of pliers and touch a hot sol-
dering iron to the tip of the prong. The heat will soften
the solder in the prong and the wire can be pulled out.
Finally, fasten the new wires from the coil or cable
as the case may be by simply reversing the process.

Remember, the prongs on a tube are not marked.
To get the new wires in their proper prongs, hold the
tube base over a socket and note the markings on the
underside. The prong connections then can be marked
with pencil directly on the composition base for future
reference.

Soldering and Wiring Kinks

Soldering Coil Taps: When it is necessary to solder
a tap to a coil, you can simplify matters by following
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the suggestion given in Fig. 5§6. Simply lift the turn to
be tapped and slip a piece of paper or a match stick
“under it at the point where the soldered joint is to be
made. This will serve to raise the wire and will protect
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the insulation on the adjacent turns from the heat of
the iron. Remember, if you burn the silk or cotton
covering on the wire, it will be transformed into carbon -
_ which is a conductor. If the insulation on several turns
is burned, it will cause a short circuit.
Wiring Hints: Connecting the parts of a radio cir-
cuit in their proper order is only half the job of wiring
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a radio set. There is a right and wrong way of doing
everything and if a receiver is to operate efficiently,
its many connections must be made correctly. A few
of the more important jobs are shown in F ig. 57.

For example, a common method of mounting a coil
is to support it on brass brackets. To supply a rigid
support, these brackets should be mounted at right
angles, not opposite each other. Often a single bracket
will serve as a rigid mounting, but this is only true
when the connecting wires are sturdy enough to add
support. ' -

Radio sets must be constructed to withistand a cer-
tain amount of vibration. If binding ‘posts are used
they should be tightened with.pliers. When a wire
leads through a small hole in the chassis, additional
insulation should be furnished in the form of an eyelet
clamped in the hole or a short length of insulating
tubing should be slipped over the wire. The same holds
true for the taps on coils. To prevent the twisted loop
of the tap from chafing through the insulation on ad-
joining wires, slip a small square of paper under the
connection,

A frequent source of trouble on homemade sets is
a loose soldered connection at the point where a wire
joins a soldering lug. Most soldering lugs are supplied
with a hole just ahead of the clamps. The wire should
be inserted in this hole before the clamps are bent
into place and the solder is applied. The hole serves
as an anchor for the wire and removes the greater
portion of the twisting strain from the solder.

- Where one wire joins another in a circuit, do not
depend entirely on the strength of a soldered joint.
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Twist one of the wires around the other and then
apply the solder. If the open joint is in a position
where it may accidentally come in contact with some
other part or connection, play safe and apply in-
sulation,

The maze of wires in any circuit can become so
complicated that it will be difficult, once the set has
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been wired, to trace through the circuit. For this rea-
son, it will pay to use colored connecting wire when-
ever possible. By selecting a separate color for each
individual circuit, tracing them is merely a matter of
following colors. The following color code is used
almost universally in set wiring: Yellow, +A; yellow
and black, —A; red, 4B maximum; red and maroon,
- B intermediate; maroon, -}-B detector; black with
red, —B; green, 4-C; and black and green, —C.
Tagging Connections: When a set goes dead and it
is necessary to replace one of the parts, a great deal
of confusion can be eliminated if the wires are tagged.
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as shown in Fig. 58. Disconnect the wires one at a
time and to each tie a tag bearing some sort of identifi-
cation. Then when the part is to be reconnected, a
glance at the tags will tell you exactly where each wire
belongs. ) ’
Experimental Binding Posts: Figure 59 shows an
easily made connector clamp that will simplify any
experimental work you may do. It is made from a

CONNECTOR
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safety pin with a wire lead soldered to one of the
legs. Cut the end from the pin and bend the end of
each leg into a loop. To use the connector, squeeze the
pin until the loops coincide and slip them over the end
of the screw or terminal to which the connection is to
be made. As the legs spread apart when the pressure
is removed, they will grip the terminal tightly.
Another type of experimental connector that will
allow connections to be changed quickly is shown in
Fig. 6o. It consists of a short length of coil spring
mounted by a screw passed through its end loop. Any
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tightly coiled spring can be used or the amateur can
make his own from brass spring wire. All that is
necessary to make a connection to a binding post of
this type is to push the spring to one side or the other.
This will open the coils and allow the end of the con-
necting wire to be inserted. When the spring is re-
leased, the coils grip the wire tightly.

When a phone cord tip must be connected to an
ordinary screw top binding post, the strip connector
shown in Fig. 61 will form a handy addition. Made by
drilling two holes in a short length of spring brass
which is then bent U-shaped, it is slipped over the
screw thread of the terminal. Then when the cord tip
has been inserted in the loop, merely tightening down
on the screw top will hold the tip in place,

Transformer Kinks

A Simple Transformer Repair: 1f one or both wind-
ings of an audio transformer have gone bad, a tem-
porary repair can be made by following the connec-
tions indicated in Fig. 62. If on test (see Chapter IV),
the primary circuit proves to be open, connect a
100,000-chm resistor (A) across the P and B terminals
of the primary winding and a fixed condenser (C)
across the P and G terminals. The fixed condenser
should have a capacity of from .006 to .01 microfarads.
Try several and retain the one that gives the best
results. (

" If the open circuit proves to be in the secondary
winding, comnect the condenser (C) as before but
instead of the resistor A connect a resistor B having
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a resistance of 500,000 ohms across the G and F
terminals of the secondary. Incidentally, the value of
this resistance can vary as long as it is not less than
100,000 ohms.

In both of these temporary repairs, the effect of con-
necting the condenser and resistance to the transformer
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terminals is to change the original transformer stage
into an impedence-coupled stage. For this reason, there
may be a slight reduction in volume.

If both windings prove to be open, connect all three
units to the transformer; resistor A across the P and
B terminals, resistor C across the G and F terminals,
and the condenser B across the P and G terminals.
This will convert the original transformer circuit into
a resistance-coupled stage.

Designing A Stmple Transformer: While the actual
calculations involved in the designing of an accurate
transformer may prove too complicated for the aver-
age amateur experimenter, he can, by following simple
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rule-of-thumb methods, build a simple transformer
that will serve to reduce his 1xo-volt A. C. house cur-
rent supply to any desired value.

The most important rule in designing experimental
transformers is to play safe. If errors are to be made,
they should be made on the large side. Make the core
a trifle larger than you believe is required, use more
turns than you calculate are necessary, and use larger
wire than your judgment dictates. Also, use plenty of
insulation, especially between the primary and second-
ary windings.

Theoretlcally, the voltage that will develop (be in-
duced) in the secondary wire of a transformer sup-
plied with a given voltage will be directly proportional
to the ratio between the number of turns of wire in
the primary and the number in the secondary. For ex-
ample, if a transformer, being supplied with 110 volts
at the primary, has a primary winding of 8oco turns
and a secondary winding of 400 turns, the voltage in-
duced in the secondary and available at its terminals
will be equal to 400 divided by 8oo multiplied by 110
which equals 55 volts. In other words, the ratio be-
tweep the number of turns on the primary and second-
ary is equal to the ratio of the voltages

In designing a transformer, the start is always made
by knowing the alternating-current voltage available
and the voltage desired. This immediately designates
the ratio between the primary turns and the secondary
turns.

Since the number of turns in each coil is inversely
proportional to the cross-sectional area of the core on
~ which they are mounted, it is a simple matter to decide
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on a basic figure for the winding computations. A safe
figure for the amateur design is seven turns of wire
per volt for a core area of one square inch if the
transformer is to be used for hours at a time. If the
transformer is to be used only for short periods, four
turns per volt for each square inch of core area will
serve.

In any transformer, the voltage applied to the pri-

mary multiplied by the current flowing in that winding
is equal to the voltage developed in the secondary
multiplied by the current flowing from the secondary.

his relation is useful in determining the size of wire
to use. Knowing how much current is to flow in the
secondary, you can choose wire large enough for the
job.

In choosing the core for your transformer, don’t
skimp. A core much larger than is actually required
will work just as well and will reduce heating. The
most efficient shape for a transformer core is of a rect-
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angle with a cross member in the center on which the
windings are placed. However, this is a difficult form
for the amateur to handle; a plain square core, such as
shown in Fig. 63, is easier to wind and, for average
purposes, almost as efficient.

Antenna Kinks

Using A Light Socket As An Antenna: Although any
radio receiver will be most efficient when connected
to a regular antenna and ground system, the extreme
sensitiveness of the modern set makes it possible to
use various convenient substitutes as the aerial. How
one such substitute, an electric light socket, can be
used is shown in Fig. 64. While such an antenna will
not, of course, bring in the signals with maximum
strength it provides ample volume for ordinary re-
ception.

Electrically, a hght-socket antenna consists merely
of a wire leading from the antenna binding post of the
receiver to a small fixed condenser connected to one
side of a lighted electric lamp. While this arrangement
can be wired in various forms, the simplest method
consists of connecting the antenna-post wire to one of
the screw terminals on an ordinary socket in a table
lamp. The ground wire then can be connected to the
usual water pipe.

Another method of solving the antenna and ground
connection problem is indicated in Fig. 65. In this ar-
rangement the ground binding post on the receiver is
left unconnected while the wire from the antenna post
is connected to the nearest water pipe or radiator.
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Curiously enough, in many cases, this simple system
will give results equal to those obtained with the more
elaborate light-socket antenna.
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Although it is difficult to predict the results that can
be obtained in any locality with.either of these antenna
- substitutes, they are worth trying if the use of a
regular outdoor antenna is likely to be troublesome
and difficult. If neither method gives the signal



96 . EVERYBODY’S RADIO MANUAL

strength desired, the next step is to try a simple in-
door antenna. For this, the cheapest kind of bell wire
or even the thin wire stripped from bell magnets will
serve as well as the elaborate tapes and wire sold for
the purpose,

' In rigging an indoor antenna, best results will be
obtained with the longest wire, measured in a straight
line, from the antenna binding post of the receiver.

Double Antennas: Amateurs who like to experiment
often erect two outdoor antennas, connecting them to
the receiver through a single-pole, double-throw switch
so that either wire can be used. In this case, it is best
to rig the two wires at right angles so that all possible
directions will be covered.

Lead-In Insulators: For the average receiver, the
lead-in can be brought into the building in almost any
manner as long as it is well insulated. The flexible tape
lead-in strips serve this purpose very well and they are
both inexpensive and easy to install. However, the
owner of a short-wave transmitter must take particular
pains /to insure perfect insulation for his antenna
feeder. -

An inexpensive homemade transmitter feeder enter-
ing insulator is shown in the drawing of Fig. 66. It
consists of simple parts that can be obtained at any
radio store dealing in receiver and transmitter parts.
Two small insulators of the stand-off type, fitted with
a length of threaded brass rod, are mounted over a
small hole bored in a 1- by 8-in. hardwood board cut
to fit the window jamb.

The first step in making an insulator of this type -
is to remove the regular brass terminals from the -
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stand-off insulators. Then, when a suitable piece of
threaded brass rod has been obtained, mount one in-
sulator over the hole, insert the brass rod, slip a
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length of porcelain insulating tube over the rod, and
finally drive the screws that hold the second insulator
in place. The porcelain tube should be just long enough
to fit between the insulators when they are fastened in
place. To complete the insulator, place metal and
rubber washers on the ends of the rod, screw lock nuts
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in place, and finally add the ordinary threaded ter-
minal nuts that came with the original insulators.

To prevent any great amount of water from reach-
ing the switch, or the insulator if the switch is elimi-
nated, bend a drip loop in the wire or tie a short length
of cord to the wire as shown in Fig. 67. The drip cord
will make a particularly valuable addition to the an-
tenna system when a simple porcelain tube type of
lead-in insulator is used.

Building An Antemna Mast: The popularity of
short-wave distance reception has renewed interest in
the long antenna rigged high on special masts. An
easily erected mast for the amateur experimenter is
shown in Fig. 68. Made of sections of pipe telescoped
one inside of the other, it is particularly easy to bulld
and is neat looking and sturdy.

First, select three sections of pipe. The smallest or
upper section should not be less than 34-in. pipe size.
The remaining sections should be of a size that will .
telescope easily. Then place the telegcoped pipes in a
hole five feet deep, fill in with concxiete, and rig three
guy wires to brace the lower -or larger section.

Two men, working from ladders placed on opposite
sides of the pipe, then should raise the top or smallest

.section until it has been lifted three-quarters of its
- length out of the middle section. A bolt slipped through
a hole previously drilled for that purpose then will
hold this section in place.

. The middle or second section, which supports the
top section, then can be raised and a second bolt used .
to hold it in place. Finally, with the three sections of
the mast extended, guy wires previously connected to
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the tops of each section can be anchored to stakes
driven into the ground at suitable distances from the
base of the mast. Three guys should be used on the

" bottom and middle sections while a single wire rigged

-

to the rear will serve to counteract the pull of the an-
tenna wire on the top section.

Three twenty-foot lengths will make a mast forty-
five or fifty feet high. If pipes have been chosen that
telescope easily, the entire job should not take more
than an hour to complete once the preliminary work
has been done.

One advantage of this type of antenna-mast con-
struction is that the various pipe lengths can be painted
before they are telescoped. Also, they can be lowered
easily at any time for repainting or repairs.

Condenser Kinks

Changing Capacity of A Variable Condenser: The
capacity of a variable condenser can be reduced sim-
ply by removing some of the plates. It is not necessary
to remove both the stationary and the corresponding
revolving plates. Remove either one type or the other,
whichever is easiest. The reduction in capacity will be
directly proportional to the number of plates removed.

- Cleaning Variable Condensers: Variable condensers,
salvaged from old receivers and stored away for future
use, soon collect a thick coating of dust between their .

- plates. Since dirt may alter the capacity of the unit,

these condensers should be thoroughly cleaned before
they are used again. How this can be done easily and
quickly with an ordinary wire pipe cleaner is shown in
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Fig. 69. Bend the cleaner U-shape, push it between
adjacent plates, and move it around until all of the
dust is removed.

Homemade Cgndenser Wrenck: In order to adjust
the balancing condensers on many modern super-
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heterodynes, a special wrench must be used. If this
wrench is not handy, you can make a substitute by
altering the construction of an ordinary five-cent lead
pencil of the hexagonal rubber-tipped variety (see
Fig. 70). Remove the brass eraser fitting .from the end
of the pencil, dig out the eraser with the point of a
knife, and finally, after reversing the fitting, force the
end which originally held the eraser over the end of
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the pencil. The hexagonal portion of the fitting then
will be free and can be used as a wrench for the hexa-
gonal adjusting nut. To safeguard against possible
short circuits, wrap the end of the pencil with tape
to cover the metal.

Making A Condenser Template: When fastening a
variable condenser to a panel, it often is difficult to
locate the centers for the holes to take the mounting
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screws. To simplify the problem, the experimenter
should provide himsel? with the easily made adjustable
template illustrated in Fig. 71. If consists of three
. slotted arms cut from sheet aluminum fastened to-
gether by means of a wing nut and bolt. The arms
should be at least seven inches long and about one half
inch wide and the slots should extend the full length
of each arm and be wide enough to take the shank of
the fastening bolt.

To use the template, loosen the bolt, spread the arms
so that their points coincide with the centers of the
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mounting screw holes -on the condenser, and then
tighten the bolt. Once the template arms are locked in
place, the center marks for the holes can be trans-
ferred to the panel by scribing around the points with
a sharp nail or a knife. The apex of each V-shaped
mark will indicate where the mounting holes are to be
drilled.

Vernier Tuning Lever: A simple lever cut from card-
board to the shape shown in Fig. 72 can be used as a

vernier tuning lever on short- and broadcast-wave re-
ceivers lacking high-ratio dials. The hole to take the
knob should be cut so that it is slightly smaller than
the knob. Slits cut so as to radiate from the center of
the hole will serve as a clamp to hold the lever in place
on the dial. A vernier lever of this type, made ten
inches long, will increase the tuning accuracy of a
small dial just about sixteen times.

Another simple vernier kink that can be used on
home-built short-wave receivers fitted with an old-
style direct-drive dial is shown in Fig. 73. Simply hold
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an ordinary pencil at right angles to the receiver panel
in such a way that the eraser rests on both the edge
of the large dial and the receiver panel. Turning the
pencil will make the eraser act as a cog to turn'the dial
a small bit at a time. If the eraser on the pencil has
been used, the effect will be even greater since the
point on the eraser will serve as a pivot.

Miscellaneous Kinks

Novel Telephone-Radio Switch: By adding a simple
circuit to the antenna and ground posts of a radio re-
ceiver, its volume can be cut down at any distant point .
in the house by merely pushing a button. How this is
done is shown in Fig. 74. Such an arrangement having
its button mounted on or near the telephone table will
provide an easy means of silencing a radio when the
’phone bell rings.

With the push-button switch open, the radio oper-
ates at full volume. However, as soon as the switch
is closed, a short-circuiting connection is made across
the antenna and ground and the volume is reduced.
The actual amount that the volume is reduced will de-
pend on the size of the small fixed condenser. To ob-
tain the best results, try several values and retain the
one that works best. Incidentally, in some cases, the
circuit will operate best without any condenser.

In modern sets, equipped with automatic volume
control, a dimming connection made to the antenna
and ground posts may have no effect whatever on the
volume. However, in such cases the same dimming
effect can be obtained by connecting the circuit, minus
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the condenser, across the voice-coil leads to the dy-
namic speaker.

By altering this dimming system slightly, as shown °
in Fig. 75, an automatic switch can be arranged that
will reduce the radio’s volume the minute the telephone
instrument is raised from its table. An automatic door
switch, of the type used to control a closet light, is
recessed into a low wooden stand shaped to hold the
base of the telephone. As long as the instrument rests
on the switch, the circuit remains open. However, lift- )
ing the telephone allows the switch point to spring up,
closing the circuit and reducing the volume. In use,
the stand should be placed at the rear of the table so
that the telephone must be lifted when used.

Holding Small Parts: As shown in Fig. 76, a short
length of ordinary solder wire can be used to place a
nut, a bolt, or some other small part in the depths of a
crowded radio circuit. Simply lay the solder on the top
face of the nut, screw, or washer and tap it lightly with
a hammer or the handle of your pliers. The solder will
become imbedded in the irregular surface of the part
(in the slot in the case of a screw) and hold it tightly
while it is lowered into place. When the job is com-
pleted a quick jerk will free the solder.

If a part is to be placed under some projecting unit,
such as a condenser or a transformer, the solder Tvire
can be bent to reach around the corners.

A piece of ordinary wire also can be used in the
same way. Simply wrap the wire around the edge of
the nut or screw. Once the part is in place, the wire
can be pulled free.
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Homemade Radio Cement: A useful nonconducting
radio cement for the amateur’s workshop can be made
by mixing equal quantities of banana oil and collodion.
It is excellent for mending loudspeaker cones and
diaphragms and is equally useful as a coating for
home-wound coils.
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Tube Remover: Often, especially in the crowded
cabinets of miniature receivers, it is difficult to remove
the tubes when it is necessary to test or replace them.
This is particularly true in cases where the tubes have
been cemented in place by the manufacturers. Forcing
the tube loose by gripping the glass dome may result
in loosening the base. To avoid this possibility, the
amateur can use a pair of ice tongs or plier-like potato
lifters. As shown in Fig. 77, the prongs of the tongs
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should be fitted with sponge rubber pads taped in
place. When a tube is to be removed, simply lower
the tongs over the tube and grip the base with the
padded prongs. A steady tug will pull the tube free, all
of the pressure being applied at the strongest part of
the tube. - '

Novel Short-Wave Receiver Mounting: By mount-
ing the boxlike cabinet of a short-wave receiver, as
shown in Fig. 78, the amateur operator will find that
he can tune more accurately with greater comfort. A
rectangular hole is cut in the top of the table used to
support the receiver and the cabinet set in so the front
panel rests at an angle. Leather straps, fastened with
screws to the underside of the table, can be used as a
sling or cradle to hold the receiver. The rectangle
should be as long as the cabinet and as wide as the
diagonal of the ends. Besides making dialing easier,
the angular position of the panel allows better illumi-
nation of the controls,

Insulation Stripper: Although the improvised strip-
pers made from a pair of wire cutters as described in
Chapter I, will serve for small connecting wire, ‘the
larger stripper illustrated in Fig. 79 will be ideal for
larger diameter wire (lead-in wire, etc.). It is made by
mounting a razor blade of the double-edged variety,
having two holes, in a wooden handle. At the bottom
of the handle, a semicircular groove serves to guide
the blade along the insulation. Merely drawing it along
the length of wire, splits the insulation so that it can
be peeled off. Being mounted in a slot with two SCrews,
the blade can be replaced easily when it becomes dull.

Rope for Antenna Halyards: Whenever a long, high

.
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antenna must be rigged, the question of what to use
for braces, guys, and halyards arises. The amateur can
solve this situation, however, by soaking ordinary
heavy clothesline in a bath of boiled linseed oil. Be-

HOMEMADE
INSULATION
STRIPPER

........

WOOD _|
HANDLE

RAZOR BLADE —]

antihes

RLtY e

sides stre#gthening the rope, the oil will prevent the
rope from shrinking in damp weather and placing too
much strain on the antenna wire. Antenna rope made
in this way will be just as strong as expensive metal

WIRE

cable and will have the advantage of being pliable.



CHAPTER VI
IMPROVING OLD BROADCAST RECEIVERS

OW can I improve my radio set?

The fact that thousands of set owners ask
themselves this question every time they listen to a -
modern receiver, makes finding the answer a profitable
business for the radio experimenter and spare-time
serviceman.

In any neighborhood, particularly those in the rural
and near-rural districts, a friendly inquiry will disclose
a surprisingly large number of out-of-date receivers.
By modernizing them in one way or another for a
nominal service fee plus the cost of the parts used, you
make your radio hobby pay dividends.

. Rewiring a Battery Set for Altetnating Current:
One of the most valued improvements that can be
made on an old battery receiver is to rewire it for
alternating-current use. Many people in outlying dis-
tricts are still using battery outfits bought before their
homes were electrified. These sets in most cases can
be converted easily and inexpensively into full-electric
circuits. Then too, most of us who live in towns and
cities have stowed away in our attic a set from the
battery era that could be made to serve as that extra
receiver for a summer cottage. _
It would be impossible, without a great deal of
109
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space, to show how to wire every possible circuit com-
bination and make of receiver. Besides, the amateur
need only master the basic rules to make a first-class
A.C. rewiring job of any receiver.

To begin with, as far as the radio signal that enters
any receiver is concerned the action that takes place
in each stage of the circuit is precisely the same
whether the circuit is battery-operated or full electric.
In each case a flow of tiny electrical particles called
electrons inside of the tube causes the action. It makes
no difference to the radio signal whether these so-called
electrons come from a filament heated by the current
from a battery or from an equivalent electrode called
the cathode which is heated indirectly by a heater
operating on alternating current at low voltage. -

The main difference, then, between a battery tube
and an A.C. tube is merely in the method of heating
the filament to obtam the electrons. The grid and plate
connections of- equivalent battery-operated and alter-
nating-current-operated tubes are invariably the same.
The only basic difference is in the current supply
system.

Let us suppose, for the purpose of explanation, that
you wish to substitute a type ‘27 alternating-current
tube for a type ‘30 battery tube. How this can be
done in the various stages of a simple receiver is shown
in Figs. 80-87.

Figure 8o shows the typ1ca1 30 socket hook-up as
you will find it before you start the rewmng opera-
tions. The first step in the conversion is shown in
Fig. 81. Remove the plate and grid wires, carefully
tagging them for future identification, then clip the
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filament wires and twist and solder them together to
make a good connection. This will free the old ‘30
four-prong socket, which can then be removed and
replaced with a modern socket of the five-prong type -
for the ‘27 tube, Fig. 82.

When the socket has been fastened in place, recon-
nect the grid and plate wires to their respective termi-
nals as shown in Fig. 83. So far, the connections
will be identical with those used on the original ‘30
socket.

What you do next, will depend on the position of
the tube in the circuit. If it is a radio-frequency tube,
the K terminal, indicating the cathode, should be con-
nected through & 1,500-ohm resistance and parallel-
connected .1 mfd. condenser to the old filament wiring
as shown in Fig. 84. The old filament wiring now be-
comes the common —B lead for all tubes.

If the tube is the first amplifier stage, the same
~ general arraggement of parts is used, but a 1 mfd.
instead of a .1-mfd. by-pass condenser is connected
across 1,500-ohm resistor. On the other hand, if the
tube is the detector, the resistor-condenser circuit is
omitted entirely, the K (cathode) terminal being con-
nected directly to the old filament wiring (see Fig. 85).

When twisted leads from the two and one-half-volt
secondary of the heater transformer have been con-
nected to the heater terminals, as shown in Fig. 86, the
conversion for the radio-frequency, detector, and first
audio-frequency stages is complete.

Handling the final or power tube in the last stage
of the receiver is not at all difficult. You will not even
be bothered with changing the socket. Merely rempve
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the original filament wiring and substitute the new °
twisted heater leads that run to a separate heater
winding on the same transformer that serves the type
‘27 tubes or to a separate heater transformer. The

TOOLD
FILAMENT

=

CENTER
TAPPED VOLUME
RESISTANCE CONTROL v
84
267
FILAMENT
=} TRANSFORMER'
F1G. 88 FIG.89

voltage delivered by this heater supply will depend
on the type of power tube used. For a 6A3, the heater
voltage should be 6.3.volts, while a ‘45 output tube
will require 2.5 volts.

Finally, a biasing resistgr should be connected
from the center tap of the power-tube heater winding to
the old filament wiring which now serves as the —B con-

[
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nection. This resistance should have a value of 750
chms in the case of a 6A3 tube or 750 to 1,000 for a
‘45 tube. It should be bridged by a 1-mifd. fixed con-
denser as in the partial diagram of the complete con-
version shown in Fig. 87.

If the heater winding or transformer has no center
tap, the same effect can be obtained by connecting a
five- or ten-ohm center-tapped fixed resistance across
the heater wires, as shown in Fig. 88. _

1f desired, a type “47 tube can be used in the power
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stage by making the connections shown in Fig. 89. In
this case, as well as M the substitution of the ‘45, a
new output transformer designed for the particular
tube should be used. -

Installing a Tone Conirol: By following the simple
connections shown in Fig. 9o, any broadcast receiver”
can be fitted with an efficient tone control at a cost of )
less than a dollar. The installation can be made with-
out altering a single connection in the receiver circuit.s

A tone control is just what the name implies—a
means of controlling the tone of the sounds coming
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from the speaker. In modern broadcast receivers, they
are incorporated within the receiver circuit and ter-
minate as a single knob on the panel.

In the auxiliary tone control shown, the circuit
consists simply of a fixed condenser connected in series
with a suitable variable resistor and placed across
the output of the receiver. If the receiver has two
output tubes connected in push-pull arrangement, the
series-connected condenser and resistor can be wired
directly across the plate prongs of the output tubes.
On the other hand, if the receiver terminates in a
single output tube, one end of the auxiliary tone-con-
trol circuit should be connected to the plate of the
output tube and the remaining end should be wired
to the ground binding post éf the receiver. :

The plate prong of an output tube can be identified
easily by its position on the base. The arrangements of
the prongs on four- and five-prong tubes are given in
Fig. 91. These drawings show the bottoms of the bases
with the tubes held upside down.

Once the plate prong has been found, loop the bared
endof the connecting wire around it, replace the tube,
and push it firmly into the socket to insure a good
connection. Be sure that the insulation on the connect-
ing wire extends down to the prong so that the bare
wire ‘makes contact only at the prong. If desired,
specral wafer adapters can be obtained from any dealer
in radio parts for making these connections. Slipped
over the prongs of the tube, as shown in Fig. g2, the
connection is made to the plate prong through a con-
venient tab extending from the side of the adapter.

In the diagram, the variable resistor is indicated as
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having a value of 50,000 ohms while the condenser is
* valued at from .cor to .1 mfd. Because the best value
for the condenser will vary with the type of output
tube, a range of values has been given. First try the
smaller value and then the larger and finally several
intermediates, retaining the condenser that gives the
best results.

When all of the resistance is placed in the circuit,
the tone control will have little or no effect on recep-
tion. However, as the resistance is reduced, more and .
more of the high frequencies will be by-passed through
- the condenser instead of being allowed to pass on to
the loudspeaker. By cutting out the high tones, the
tone control in this position will accentuate the low

: notes.

If plenty of extra space is available, the variable
resistor can be mounted directly on the panel. Lack
of space will make it necessary to mount the resistor
separately.

iAdding Earphones to a Loudspeaker Set: To the
distance fan as well as the partially deaf listener, ear-
phones form an important receiver accessory. Strange
as it may seem, few commercjal receivers are fitted
with an earphone outlet but it is a simple matter for
the radio experimenter to supply one. How it is done,
of course, will depend on the arrangement of the re-
ceiver circuit in question.

* The simplest arrangement is shown in Fig. 93. The
earphone leads are connected through fixed condensers
to the plate prongs of the output tubes or to the pri-
mary terminals of the output transformer. A shorting
switch placed across the voice-coil leads then can be
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used to silence the loudspeaker when the phones are
to be used independently. :

Another easily installed earphone arrangement is
shown in Fig. 94. An inexpensive jack is inserted in
the voice-coil leads of the dynmamic speaker. These
wires can be traced easily by the fact that they lead to
the base of the speaker cone (see Fig. 95). The ear-
phones, fitted with a plug, can be substituted for the

loudspeaker simply by inserting the plug in the jack.
‘The plug will spread the two spring connections in the,
jack, disconnect the voice~coil leads to the speaker,
and connect the earphones to the secondary of the
output transformer, :
Because a separate ea.ﬁhone-output transformer is
used and the necessity of having a jack is eliminated,
the earphone. arrangement outlined in Fig. 96 will give
superior results. In this case, a second transformer is
connected through a simple single-pole, double-throw
switch to the primary of the regular output trans-
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former originally in the set. Throwing the switch in
one direction sends the signals through the regular
transformer to the loudspeaker while throwing it in
the other direction shunts them off to the earphone
transformer and earphones. Almost any three-to-one
ratio audio transformer can be used for the earphone
circuit. ' '

NEW TRANSFORMER

i
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DOUBLE ~THROW -
SWITCH =

QUTPUT TRANSFORMER )
N SET F1G. 96

Where the receiver employs an ordinary magnetic

speaker, the earphones can be connected directly to
the output in place of the speaker leads. Also, in any
arrangement, any number of earphones can be con-
nected to the receiver simply by ‘wiring them in
parallel.
- Imprbving a Receiver's Tome With '@ Second
Speaker By adding a second speaker to the average
commercial radie receiver, the amateur experimenter
can imitate the tone obtained with modern dual-speaker
outfits. . o

In high-grade commercial dual-speaker arrange-
ments, two speakers are connected to the output of

. .

s



s

#

120 EVERYBODY’S RADIO MANUAL""

the receiver, each speaker being designed to cover a
- definite portion of the entire frequency range. One
speaker reproduces the high notes while the other

FiG. 97
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J-. TO LOW-FREQUENCY
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.

brings out the low notes. To obtain this effect, a com-
plicated system of filters, such as shown in Flg 97,
sometimes is used.
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Although these commercial systems require special
equipment developed as the result of experience and
many experiments, there are other simpler and less
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expensive dual-speaker arrangements that can be em- -
ployed by the amateur. One of these, in which a com-
mercial high-frequency speaker having a Rochelle salt
crystal unit is connected directly to the voice-coil leads
of the original speaker in the set, is shown in Fig. ¢8.
This particular unit, which is relatively inexpensive,
can be obtained fully equipped with a built-in im-

DEGULAR DYNAMIC CONE OR

. svem:n IN THE s&r MAGNETIC
-@ SPEAKER
035000 omHMs ' &0

SPEAKER

F1G.99

pedance-matchmg transformer to insure avbalanced
circuit, P

The most novel and simplest dual-speaker hook-up
as far as the amateur and his meager supply of equip-
ment is concerned is shown in Fig. 99. Almost every-
one has an old magnetic-type speaker stowed away in:
the attic; a last vestige of an old battery-operated,
magneticspeaker receiver. By connecting this speaker
to the output tubes through a condgnser-resistor cir-
cuit as shown, it can be made to serve as an improvised

.
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high-frequency unit. The regular dynamic speaker in
the set will furnish the low notes, while the auxiliary
magnetic speaker will accentuate the high ones.

The arrangement as shown can be used without
altering a single connection in the receiver. Two wires
are connected to the plate prongs of the output tubes
or to the primary terminals of the output transformer.
These lead to the terminals of the magnetic speaker
through a series-connected fixed condenser and vari-

111}
o
o

O-1000 OHMS .

able resistor circuit. The resistor can be a 20,000~ °
ohm potentiometer while the capacity of the condenser
can be anything from .r to r mfd. ¥ry several values
until you hit the one that gives the best results. -
If two dynamic speakers are available, one being
designed especially for high-frequency reproduction,
the dual-speaker system shown in Fig. 100 can be used.
The high-frequency speaker is connected in parallel
with the regular speaker and a variable resistor and -
a fixed condenser are inserted in one of the leads. To,
simplify the drawings, the 110-volt power connections
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to the field coils of the two speakers have been - -
eliminated. '

As with the tone control, the fixed condensers in
these dual-speaker systems tend to pass the high fre-
quencies more easily than the lower ones and for this
reason the auxiliary speaker accentuates the higher
tones.

It often happens that a second speaker is desired,
not as an auxiliary unit to extend the tone range but
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as a sepawate unit to be used at sofme point distant
from the actual receiver. This is particularly so in a
house where a speaker in the kitchen or the bedroom
will be a convenient addition to the living-room set.
By salvaging the dynamic or magnetic unit from an
antiquated receiver for which you have no more use,
you can provide any receiver with just such a unit.
Wiring the extension for the auxiliary speaker consists
simply of making connections to Yhe primary of the
speaker transformer in the receiver. If the additional A
speaker is of the dynamic type this will have the effect
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of connecting the transformers of the two speakers in
parallel (see Fig. 101).

The extension wires leading to the second speaker
. Jack can be ordinary twisted lamp cord run along the
baseboards. If desired for safety, a 4-mfd. fixed con-
denser can be placed in each extension lead. \
The jack and volume control indicated in the draw-
ings should be mounted at the point where the second
speaker is to be located. This can be arranged in the
mamner of wall plates recessed into the wall like an
electric light switch or they can be mounted in a wood -

box (see Fig. 102). For convenience, the output can

terminate in a three-contact jack, the lead to the
speaker (either magnetic or dynamic) being supplied
with a plug. If an ordinary double-contact jack is used,
it will be necessary to use a potentiometer having a
built-in switch so that the resistance will be cut out
of the circuit when the auxiliary speakgr is not being
used.
- Xf desired, the regular speaker at the set can be
silenced by means of a switch placed either across the
voice-coil leads or in one of the voice-coil leads. ¢
Improving the Selectivity of a Receiver: Many old-
style broadcast receivers, although lacking in selec-
tivity, offer all that the owher desires in the way of
tone, volume, and sensitivity. By adding a wave-trap
or pre-selector circuit to a receive® of this type, the
amateur experimenter often can improve reception and .
obtain some of the selectivity of the more modern
outfit.
Simplest of all circuits of this type is the condenser
and coil combination shown in Fig. 103. It consists of
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a coil, having seventy-two turns of No. 22 wire wound
on a three-inch diameter cardboard or composition
form, connected in parallel with a .00025-mfd. variable
condenser. If a larger condenser is the only one avail-
able, decrease the number of turns. By trial and error,
~you can find just the right size of coil for any con--

denser.
: ANTENNA
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This type of wave trap is particulfirly useful in
eliminating an unwanted station. With the wave trap
in place between the antenna and the receiver-antenna
terminal, tune the set for the best setting for the
station you desire and then adjust the wave-trap con-
denser to eliminate the unwanted station. If the un-
desired station is very close to the receiving antenna,
it will be beit to shield the wave trap by placing it in
an aluminum can.

The operation of a simple system of this type de-
pends on the action of the variable condenser. The
condenser is adjusted so that the circuit absorbs the
signals from the unwanted station but allows the de-
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sired signals to pass through to the receiver. There.
will be a shght decrease in volume when a wave trap -
of this type is used. '
Another solution of the sensitivity problem is the -
more complicated pre-selector circuit shown in Fig..

104. Such a circuit has the effect of adding an ad- &

ditional train of tuned stages through which the signal’

must pasg. As illustrated, it consists of a two-gang =~

condenset (two .0003 5-mfd sectrons), three home- -
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made coils, a ﬁxed cﬁndenser (02 mfd.), and two
shielding cans. The shielding cans are indicated as
dotted lines. g
.+~ Coils B and D are identical, consisting of sixty turns
0£ No. 22 insulated wire wound on a three-inch diam-
eter cardboard form, Coil A, wound over cml B, should
have ten turns ‘of the ‘same wire, S
In trying out the Rre-selector, or pre-tuner as it 13,,',
. sometimes called, ﬁxstﬂconnect the lead from the upper
end of coil D to the'antenna binding pest on the
receiver and the lower lead to the ground binding pest,
notmg the results obtained. Then disconnect the two

8
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leads, wire the upper lead to the grid connection of
the first radio-frequency amplifier tube, and leave the
~ lower lead unconnected. With sgmie receivers, this
" 4. second arrangement will give better results than the
.2z first. Try both and retain the set of connections that
“gives the best results. : o
Incidentally, better results will be obtained with a .
unit of this type if small trimmer condenséss (3-38
mmf.) are wired across each of the tuning condensers |
in the two-gang unit. Also, a little experimentinig with
the value of the fixed condenser C may improve the
. Operating gualities. . P ;
- Adding a Phonograph Attachment to q Broadcast.
" Receiver: The usefulness of. any receiver can be
widenied by equipping it with a phonograph attach-
ment. The connections required are simple, ‘and the
necessary parts inexpensive. - ' ’ '
The basis of a radio-phonograph depends on -the
‘amplifying qualities of the audio amplifier in the re-
ceiver. The vibration picked up from the record by the
needle is first transformed into electrical impulses by
the pick-up head, then amplified, and finally converted
into sound waves by the loudspeaker unit. ,
Our first problem then in wiring a phonograph at-
- tachment to a radio receiver will be to locate the audio
- .amplifier. If you have, or can obtain, the wiring
diagram of the set this will not be difficult. In any
* - case, however, the audio portion generally can be
. found by tracing the various tubes that make up the
circuit. - e
© Figures 105 and 106 show two ways in which the
~+ pick-up’can be wired to the audio amplifier. Tf the

Y
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ﬁrst.audio transformer can be found easily, the method
of Fig. 105 should be used. The connections are simple
and the arrangement allows the phonograph circuit to
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be cut in or cut out quickly and easily. Figure 106,
on the other hand, shows a simple way in which the
leads from the pick-up can be wired directly to the
prongs of the detector tube.
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In following the arrangement shown in Fig. 105, the
original wires leading to the P and B terminal on the
. transformer should be cut and a jack so wired to the

four resulting leads that inserting the plug substitutes
the pick-up leads for the original-circuit leads X and
Y. Similarly, with the plug removed the input leads
X and Y should be automatically reconnected to the
transformer primary to allow regular radio reception.
When making the connections to the jack, take care
not to twist the X and Y leads. : ,

If, as is sometimes the case, the terminals of the
audio transformer are not clearly marked, the P and B
terminals can be identified easily by tracing the wiring.
The P terminal of the first audio transformer is always
connected, either directly or indirectly, to the P termi-
nal of the detector-tube socket. Once you have found
the P terminal, the position of the B terminal becomes -
evident since it is the remaining terminal on the same
side of the transformer.

~ Volume control for record reproduction generally is -
obtained by connecting a potentiometer (sometimes
by-passed by a fixed condenser) into the pick-up leads.
The value of this variable resistance is not important.
Any unit will work as long as its resistance lies some-
where between 10,000 and 50,000 ohms. In wiring the
potentiometer, connect the pick-up leads to each end
of the resistance. Then connect the output leads to the
arm of the potentiometer and one side of the resist-
ance. (See potentiometer connections in F ig. 107.)

If your pick-up unit produces loud needle scratches,
these can be filtered out by using an arrangement of
additional fixed condensers as shown in Fig. 107. The
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switch arm allows either of the three parallel-con-
nected condensers to be used.

What type of phonograph turntable is used will
make little difference in the quality of the reproduc-
tion obtained. While an electrically driven unit will, of
course, be convenient, a spring-wound unit, salvaged
from an old phonograph, will serve the purpose. To
use an old phonograph, simply remove the original |
tone arm and mount the electrical pick-up in its place.

One precaution when installing a phonograph at-
tachment: Remember that the volume and quality you’

obtain will depend entirely on the audio amplifier in
the receiver. If, as in many modern midgets, only a *

single stage of audio amplification is used, the results
may be disappointing. In cases of this type, it will be .

best to build up a separate three-stage audio amplifier, - |

wiring the output to the dynamic speaker in the set.

Experimenting With Automatic Volume Control:
One of the most popular developments in the field of
radio reception during the past few years was auto-
matic volume control. Automatic volume control on a
receiver is, in effect, much like the automatic governor
on an engine. The automatic governor starts to close
the throt%: and cut off the power when a prede-
 termined speed is reached. Automatic volume control
on a radio receiver cuts down the radio-frequency am-
plification—the power of the circuit—when the signal
reaches a predetermined level of .volume. Im this way,
automatic volume control banishes fading and insures
a signal of constant strength.

Although it is difficult to apply automatic volume
control to a radio receiver that is already buils, the
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principle of automatic volume control offers a splendid
field for experimentation by the amateur. Two sim-
plified automatic volume-control circuits that can be
used as a guide in this work are given in Figs. 108
and r09.
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The circuit shown in Fig. 108 employs an alternat-
ing-current tube type ‘27. It is an extra circuit that
must be wired into the receiver, its function being to
control the C-bias of the radio-frequency tubes and
thus control the amplification or power of these stages.

In experimenting, the following specifications can be
used: The condenser Cx is a .ooor-mfd. condenser.
C2 is a by-pass condenser which should have a value
of from .5 to 1 mfd. R1 is a 2-megohm resistance (grid
leak). R2 should have a value of from 75,000 to
100,000 ohms, while the potentiometer P2 should have
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a resistance of 50,000 chms. The parts comprising this -
circuit can be mounted on a small board and placed in -
the radio set in such a position that the lead marked
“to plate of last radio-frequency tube,” is as short as
possible. A long lead at this point will set up all sorts
of complications.

Of course, it is assumed that in any case automatic

volume control will be applied to a set only when it is
a powerful unit with several stages of radlo-frequency
amplification. ,

The lead marked “to ground” should be attached -
directly to the metal chassis at the nearest point. The
lead marked “to F side of radio- frequency coils”
should be connected to each one of the radio-frequency
coils by ungrounding the end that is normally grounded. -
Much better results will be obtained if each coil termi-
nal is grounded through a .1- to .5-mfd. fixed con-
denser placed as close as possible to the position oc-
cupied by the originally grounded end of the coil.

In order to avoid further complications in the cir-
cuit, a separate forty-five-volt B-battery (or B supply)
should be used for the automatic volume control
(A. V. C.) circuit. Switch S serves to shut off the cur-
rent from the potentiometer P2 when the set is turned
off. The two and one-half-volt heater lead can be con-
nected to the two and one-half-volt circuit in the set.

For battery-operated receivers, the battery-operated
automatic volume control unit shown in Fig. 109
should be used. With the exception of the tube, the®
tube socket, a rheostat, and the extra switch, the same
parts are used. _

It is necessary, of course, in this circuit to use a
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. separate A battery as well as a separate B battery.
- 'The rheostat P1 is an ordinary filament rheostat hav-
ing a resistance of twenty ohms.

In using either of these automatic volume control
systems, it will be necessary to adjust the potenti-
ometer P2 so that tubes will be operating at their
normal bias when no signal is being received by the
receiver. Before applying an automatic volume control
circuit, therefor, measure the plate current of any one
of the radio-frequency tubes. Then after applying the
automatic volume control, adjust the potentiometer P2
so that the plate current of the same tube is exactly
equal to that obtained before the automatic volume
control system was connected. This adjustment should
be made with the antenna post’ on the receiver con-
nected to ground.

Using Thzrty-Two-Volt Farm Circuit on Battery
Sets: Set owners living in rural districts where the
only source of electricity is a battery-operated lighting
plant (thirty-two-volt D. C.) can make use of this
current to operate the filament circuit of a battery
receiver and thereby eliminate the need for a separate
receiver A battery.

There are two ways of accomplishing this. The
simplest and most satisfactory is to tap the farm
battery itself, using just the right number of cells to
give the filament voltage required. However, if the
lighting plant is at some distance from the house this
may not be practical. Unde®such conditions, the best
arrangement is to use the full thirty-two volts and
‘reduce it to the required value with a power rheostat.

If the receiver is of the five-tube, six-volt type, it
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probably requires a current of one and one-fourth
amperes. A rheostat to handle this current on a thirty-
two-volt line should have a resistance of at least
twenty-four ohms and a current-carrying capacity of
not less than one and one quarter amperes. Connect

the rheostat in series with the receiver plug. Then turn )

the set rheostat full-on and connect a voltmeter across
the A-battery wires in the set. This connection should

be a permanent one; the meter can be mounted con-

veniently on the front panel. When placing the plug in

the lighting circuit be sure that the rheostat is always:

P

turned to its full-on position. Then gradually turn the:

rheostat until the voltmeter reads the required voltage.
Special rheostats for this purpose can be obtained’

from ‘almost any dealer in radio parts. By specifying '

what you want to use it for, you will avoid errors.



CHAPTER VII
ELIMINATING INTERFERENCE

LTHOUGH natural static is blamed for most of

the crashes and crackles that mar radio reception,

less than twenty percent actually are caused by this

weird product of the atmosphere, The temaining eighty

percent are the result of man-made interference, which
being man-made can be controlled. -

Everything electrical is a potential source of man-
made static. The brushes of a motor, the vibrator on a
battery charger or violet-ray machine, and a defective
heating element all contribute their share to the thous-'
ands of noises that hamper clear reception. Even a
worn commutator on a small electric fan motor can set
up a racket in a near-by receiver that will rival ‘the
din of tons of coal tumbling down a metal chute,

Basically, man-made static has its source in the
ordinary electric spark. Electric sparks, it has been
found, are capable of setting up a mess of high-
frequency oscillations not unlike the waves of a broad-
cast station, Radiating from the source like waves’in
a pond, they soon enter §radio receiver and become
man-made static.,

These high-frequency oscillations reach the receiver
by three distinct routes; through the electric-light:
lines that feed the receiver and the sparking machine,

135
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through the air to the unshielded parts of the receiver,
and through the air to the receiver antenna and ground
(see Fig. 110). Man-made static noises can travel for
unbelievably long distances through house-lighting cir-
cuits while their effect through the air depends to a
great extent on the distance and the intensity of the
spark.

Obviously, one way to eliminate the result of an
electric spark is to reduce its effect at the source. This
can be done, in most cases, simply by connecting a
small by-pass condenser circuit across the terminals
of the interfering unit. The condenser will provide
an easy path for the high-frequency oscillations and
prevent them from being radiated. The size of the
condenser, of course, depends on the severity of the
spark.

A violet-ray machine, for instance, generally can be
silenced by connecting a 1- or 2-mfd. condenser across
its terminals. The condenser should be rated at a work-
ing voltage equal to about twice the voltage of the
circuit.

A .25-mfd. condenser connected across the terminals-
of a small motor, on the other hand, generally will
reduce the effect of any sparks originating in the
brushes or commutator (see Fig. x11). In obstinate
cases, a combination of condensers may be necessary
to by-pass the unwanted oscillations. A combina-
tion of condensers and choke coils also can be used.
The choke coils act as impedances to the high-
frequency oscillations while the condensers by-pass
them to the ground where they will do no harm.

Interference from the contact points on elevators
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generally can be eliminated by connecting large con-
densers across the terminals. In most cases, condensers
of at least 20-mfd. capacity will be required.

Before the filter can be applied to any interference-
producing machine, however, it must be found. In this
portion of the work tse radio worker must play de-

SIMPLEST FOR MOTOR WITH FOR OBSTINATE
CONNECTION UNGROUNDED FRAME CASES

BY~-PASS
CONDENSER —_—

1 iR SR

Motor FiuTERS /
FiG 1N coiLs

tective, addmg one clew to another until the trail leads
to the faulty unit.

Much can be gained by determmmg the time of day
when the interference occurs. For example, if during
the week, the noise is noticeable only between eight
in the morning and five or six in the afternoon and is
absent entirely on Sundays and holidays, it is probably
being caused by some piece of machinery in a near-by
store or shop. From this point on it then becomes a”
matter of scouting around until the source of the
trouble is found. Almost every owner of a machine

/
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or motor that is causing radio interference will gladly
coOperate.

On &he other hand, suppose that the noise starts
about six or seven in the evening and continues until -
about midnight. This will indicate that it is caused by
the mechanism operating some near-by flashing sign.
If the noise occurs at night, but only on two or three
nights in a week, it most likely is being caused by a
battery charger.

Vacuum cleaners, sewing machines, fans, and other -
household appliances can be traced by the fact that
they interfere for short times only, while an electric
refrigerator will betray itself by the fact that it will
set up interference at regular intervals during both
the night and the day.

Knowing what noises are characteristic of the vari-
ous types of interference-making machines also will
assist the amateur in tracing trouble. A few of the
more common ones are:

Crackling and Humming: Cash registers, drink
mixers, elevators, electric refrigerators, electric fans,
sewing machines, vacuum cleaners, and washing ma-

. chines (dish and clothes). '

Buzzing: Doorbells, dial telephones, elevators, oil
burners, sewing machines, and vibrators.

Clicks: Elevators, flashing signs, defective heating
elements, defective light bulbs, defective switches,
flashing signs, and traffic signals. -

_ Often, especially in crowded neighborhoods and
apartment buildings, it is difficult to find the offending
piece of machinery. In this case, the experimenter
must proceed on a different tack. Instead of silencing
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the interfering oscillations at th&source, he must pre-
vent them from entering the receiver even though they
may succeed in reaching it.

Interference entering the receiver through the power
lines can be eliminated by using the simple filter
shown in Fig. 112. In design, it is identical with the
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interference filter for motors, consisting of two fixed
condensers (about 1 mfd.) connected across the power
lines and to the ground. As shown, these can be ar-
ranged as a unit placed near the floorboard receptacle
which feeds the receiver, the ground wire being con-
nected either direcNy to some convenient ground or
to the ground terminal of the receiver which in turn is
\ connected to a water pipe or other ground.
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Cases where the interference entering the receiver
through the power lines is severe may require the
more complicated filter circuit shown in Fig. 113.
Again like one of the filters suggested for motors in
Fig. 111, the condensers serve to by-pass or detour
the high-frequency oscillations while the choke coils
form a barrier. ~
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Often, the interference is of such a magnitude that
- it is radiated through the air. Man-made static of this
type can easily find its way into a poorly shielded set,
being picked up by the coils and various connections.

Although modern receivers are fully shielded, sets
of an earlier period often lack adequate shielding. To
test a set for shielding follow the test outlined in
Fig. 114. First disconnect the antenna and ground
leads from the receiver and with a wire or the metal
shank of a screw driver connect the antenna terminal
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to the ground terminal. This will have the effect of
placing a shorting connection across the antenna coil
of the receiver.

Finally, turn the volume control on the receiver to
its full-on position and turn the tuning dial slowly.
If no signal is heard, except perbaps the faint response
of some high-powered station located near-by, you can
be sure that the receiver has been carefully shielded.
If signals are heard, it will be best to test out various
shields on coils and tubes until the volume of the
signal is greatly reduced.

It is in rigging the antenna, the third entrance that
is many times open to the oscillations of man-made
static, that the amateur can do the most toward elim-
inating interference.

In the first place, an indoor antenna is perhaps the
worst type in localities where man-made static is trou-
blesome. In most cases, a single horizontal wire rigged
as high as possible and as far from obstructions as is
practical will give the best results,

Under no conditions plan an antenna in a zigzag
design. It will tend to reduce, rather than increase, the
signal even though it contains more wire. It is far
better to use a shorter wire. A short antenna, within
limits, also will improve selectivity with, of course, a
slight dropping off in signal strength.

Position and location of the antenna also have a
great deal to do with the amount of man-made static
picked up. If the interference is being produced by
the overhead trolleys of a near-by electric car line, or
defective insulators on a power (high-tension) line,
some relief often can be obtained by rigging the an-
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tenna at right angles to the radiating wires. If rigged
parallel to the wires, it will present its largest possible
front to the waves of man-made static.

Often, the effect of man-made static can be greatly
reduced, especially when the static has its source in
a house or building, by rigging the antenna as far
away from the building as it is possible to get it. By
increasing the length and the height of the antenna,
more of it is extended beyond the radiating field of the
interference. Figure 115 illustrates such an arrange-
ment.

In many cases physical limitations make it possible
to rig an antenna only in one direction and of one
given length and height. However, where it is possible,
it is always worth while to experiment with antennas
strung in different directions and at various heights.
A single wire strung horizontally often exhibits
marked directional effects in respect to signal strength
as well as man-made static. For this reason, try sev-
eral and retain the best.

It may be well to pomt out also that there is no
particular material that is best suited for an antenna
wire. As long as it is sturdy and a good conductor,
it will serve the purpose.

Since man-made static can enter the lead-in as well
as the antenna wire proper, some consideration also
should be given to this portion when attempting to
eliminate interference. As a lead-in approaches a
house, it gets nearer and nearer to the field of inter-
ference. To exclude the unwanted noises that radiate
from the electrical appliances in every modern home,
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anyone of a number of noise-reducing lead-ins can be

used. Three such lead-ins are shown in Fig. 116.
Simplest of all interference-free lead-in systems is

the shielded wire. Being sheathed in a metal case of
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copper braid, it is protected from the radiations of
man-made static. Any oscillations which reach it are
quickly shunted to the ground by the shield before
.they penetrate to the inner wire which leads to the
antenna post on the receiver. Unfortunately, a lead-in
of this type presents various losses which may or may
not prove serious. In cases where long lead-ins of this
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type are used, signal strength on distant stations may
be reduced. In addition, the selectivity of the system
may be materially broadened. However, it is a system
worthy of experimentation on the part of the amateur.

Another antenna system which is both simple and
inexpensive consists of two identical antenna wires
rigged horizontally in the same straight line. The two
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TRANSPOSITION OOUBLET,
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TO GROUND POST . ~=T0O ANTENNA POST

lead-ins, twisted together for their full length, are
connected to the antenna and ground terminals of the
receiver as shown in Fig. 116. No actual connection
between the ground and the receiver is used.

The effect of these double antennas and twisted
lead-in wires is to nullify the effect of any man-maide
static that may be picked up. The oscillations collected
by one system (antenna and lead-in) are matched
against those picked up by the other system with the
result that each cancels the other and only the un<
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adulterated radio signal reaches the receiver. In design
this type of antenna system for the broadcast waves
is similar to the doublet antennas often used in short-
wave reception (see Fig. 117).

The most modern and perbaps the most efficient
type of noise-reducing lead-in is the so-called trans-
mission line variety. Like the first lead-in system
shown in Fig. 116, it depends on the protecting quali-
ties of a shield of copper braid. However, it also has
two additional units—impedance-matching transform-
ers—to reduce the losses that are always present in
Jong lengths of shielded wire. One transformer is
placed directly at the antenna while the other is
mounted close to the receiver. The shielded length of
double wire connects the two. To c¢omplete the shield-
ing and close every possible entrance to the man-made
static, the transformers also are shielded.

Transmission lead-ins, or transformer-coupled lead-
in systems as they are sometimes called, come in a
variety of different designs, but in each the general
principle is the same. The secret of the underlying
circuit lies in the fact that the Voltage is reduced for
its passage through the shielded lead-in wire and built
up again at the receiver. Losses due to capacity in
shielded lead-ins are far less at lower voltages.

Unfortunately powerful modern receivers have led
the average set owner into the belief that the antenna
has little effect on the quality of reception. Nothing
could be further from the truth. Some idea of the
effect of various types of antennas on signal and man-
made static strength can be gained from Fig. 118.
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At the left, below the receiver connected to the
very short antenna symbolizing the type often used
in apartments, are two heavy wavy lines. One indi-
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cates the relative strengths of the radio-frequency -
oscillations from the broadcast station and the other
the total strength of man-made static. Note how, when'
the receiver is made sensitive enough to get an ade-
quate signal on the loudspeaker, the static receptxon
- also becomes stronger.
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In the next drawing, a longer indoor antenna is
* fllustrated. This longer wire brings in the waves from
the desired station strong enough to allow the volume
control to be turned down to a point where the noise
level is materially less.

Proceeding to the left and below, Fig. 118, note what
happens when a good outdoor antenna is used. The
noise level in this case has shrunk to smaller propor-
tion while in the fourth drawing, illustrating what
happens when a good shielded lead-in system is used,
the noise reaching the receiver is negligible.

Another reason for the use of an adequate antenna
is that it enables you to reduce the self-generated
noises in a receiver. All tubes produce a certain
amount of hissing due to the flow of electrons from
their filaments or heated cathodes but only those
placed in the circuit ahead of the audio-amplifying
stages create noise in the loudspeaker. A good antenna
makes it possible to reduce the sensitivity of the re-
ceiver by turning down the volume control, with con-
sequent reduction of the inherent tubes noises.

Noise-reduction is even more important in the op-
eration of short-wave receivers. To obtain noise-free
reception in the higher frequencies, the doublet type
of antenna having a transposed lead-in, as shown in
Fig. 117, is used by many amateurs. The effect is quite
like that of the twisted lamp cord lead-in illustrated
in Fig. 116. The noise oscillations picked up by one
system are matched against the other by the transposed
wires with the result that each cancels out the other.

In short-wave work, the doublet antenna usually is
designed for operation with seme particular frequency
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—the length of each doublet being determined by the
wave length (see notation on Fig. 117). However,
although an antenna of this type will work most effi-
ciently on the wave length for which it is designed, the
rule is by no means rigid. A doublet designed for
eighty meters, for instance, also will operate on the
forty- and twenty-meter bands as well. Similarly, a
forty-meter doublet will also bring in the twenty-meter
stations.

In figuring the length of each doublet, simply decide
on the maximum wave band to be covered, multiply
the wave length in meters by 3.28 to convert it to
feet, and divide by four. The result will be the length
of each portion of the doublet in feet.

Although the two transposed wires of the lead-in
can be connected into the receiver in various ways
" depending on conditions, the simplest is to wire them
directly to the antenna and ground terminals of the
receiver. Special antenna couplers also can be used
in cases where the absence of a regular ground tends
to cause noises. Suitable couplers as well as the trans-
posing insulators can be obtained from any dealer in
radio parts.

The amateur experimenter can make improvised
transposing insulators if he desires, by making use
of the composition used in manufacturing phonograph
records. Simply soak the records in boiling water until
they become soft. Then cut them up into two-inch
squares and drill four holes near the corners for the
lead-in wires. The wires can then be threaded through
the holes criss-cross fashion as in Fig. 117.
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Six Pointers On Noise-Free Reception

1.—Use a long, high, well-insulated antenna (out-
doors) rigged at least ten or fifteen feet from
the surface of the roof and never adjacent to
any projections in the building which may con- ,
tain electrical apparatus. Remember, once the
high-frequency oscillations of man-made static
have entered the antenna they cannot be elim-
inated. Place the antenna outside the zone of
interference.

2—If a ground is used, be sure it is a good one
and take every precaution to prevent corrosion
at the point where the ground connection is
made. Too frequently, receivers are connected
to the nearest piece/of pipe with no thought
given to the possibility that noise-producing
machines also may be grounded to the same
system between the receiver and the actual
ground. To play safe, run a separate wire to
the point where the water pipe enters the cellar
wall,

3—Use a well-shielded receiver.

4.—Use some type of noise-reducing lead-in in cases
where man-made static is particularly bad,

5.—Use a filter circuit in the power supply to the
receiver,

6.—Place filter circuits on all electrical appliances
used in or near the home,



CHAPTER VIII
RADIO SERVICING AND TROUBLE SHOOTING

ADIO servicing operations can be divided
R roughly into two distinct processes first, finding
the trouble, and second, fixing it in the 51mplest and
least expensive way.

In trouble-shooting ailing receivers, the amateur ex-
perimenter must assume the role of a doctor. He must
be quick to recognize visible and audible symptoms,
logical in following clews, and unfailing in his choice
of remedies. Success depends on speed and accuracy.

Just as a doctor of medicine watches for telltale
signs and reactions that will help him diagnose an ill-
ness, so must the radio serviceman be on the alert for
symptoms that will instantly catalog the trouble. Past
experience will be of help in this portion of the work.
Each mysterious ailment that is remedied will make it -
just that much easer to find the next.

The beginner, however, will have no previous
knowledge of radio’s various ailments. For this reason,
he must follow simple rules of procedure in lieu of
experience.

Fortunately, not all troubles will prove as compli-
cated as they may at first appear. Few radio owners
are trained electrical experts and for this reason a
surprisingly large number of your calls will prove to

151
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- be routine jobs where the trouble is self-evident to
anyone who knows where to look.

For the most part, radio troubles fall into one of
the five sharply defined classifications of radio ail-
ments: no reception, weak reception, intermittent re-
ception, distortion, and hums and noises. Each of these
troubles or symptoms immediately place the cause
within certain definite boundaries. A few of the more
important causes of the five general radio troubles are
as follows:

No Reception: Defective or disconnected power
cord, grounded antenna, bad tube in rectifier or re-
ceiver, open coil or resistance, shorted coil, blown con-
denser, open transformer, shorted or open voice coil
or field coil in dynamic speaker, and absence of broad-
cast signals from the station due to an S. O. S.

Intermittent Reception: Loose connection that is
shifted by vibration and motion, resistance that opens
when heated, antenna that is grounded when it swmgs
in the wind, loose or corroded ground connection, vari-
able condenser that short-circuits at various positions,
and an old tube with loose elements that shift or short-
circuit when they heat up or are subjected to vibra-
tion.

Weak Reception: Poor tube or tubes, shorted trans-
former or blown condenser in power circuit, open re-
sistance or coil, shorted resistance or coil, open con-
denser, and loudspea.ker troubles.

Distortion: Wrong voltages in plate circuits, tube
or tubes going bad, faulty bias circuit (shorted bias
condenser or bias resxstance), tuning condensers not
tracking, and speaker trouble.
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Hums, Crackles, and Noises: Man-made static (see
Chapter VII), tube failing, open condenser in filter
circuit of power pack, loose connection in grid circuit,
loose or corroded ground connection, partly grounded
antenna wire, defective volume control, condenser
leaking, defective voltage divider in power pack, de-
fective speaker, and natural static.

Step-by-Step Servicing

Once the amateur experimenter has familiarized
himself with the various receiver ailments and their
possible causes, his next step should be to develop
some form or plan to follow when trouble-shooting a
receiver. Time will be saved, and often unnecessary .
work will be eliminated.

First of all, he should list the symptoms of the ailing
* circuit. Of course, if the receiver fails to operate there
will be very few telltale clews to be considered. On
the other hand, if the complaint is either “weak recep-
tion” or “mtemuttent reception,” merely listening to
the receiver may suggest the cause or causes of the
trouble.

If the set fails to function entirely, there are two
possible causes that can be checked without even
touching the receiver. These are the antenna and the
power supply.

The second step, then, when a set fails completely
is to see that the antenna is connected and that it is
not grounded. The third step should be to make sure
that the receiver is being supplied with current. If it is
a battery-operated outfit, check the batteries and their
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T, ’ .
connections. If it is all all-electric, inspect the plug
_ and power cord that connects the receiver with the
house lighting circuit. :

If the electric lamps near the receiver light when
their switches are turned, it is safe to assume that
current is available at the wall receptacle and that no
fuses are blown. The next problem is to learn whether
‘or not the current available at the wall plug is actually
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reaching the receiver. Figure 129 illustrates a likely
source of power-cord trouble—a broken or defective
plug.

When these outside connections to the receiver have
been tested, the serviceman can be sure that the
trouble lies w1th1n the circuit itself. The next step is to
turn on the receiver.

The operation-of any radio receiver is dependent
on its tubes. A burned-out tube can be found by in-
spection when the set is turned on, as it will fail to
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glow. A tube failing with age, on the other hand, will
glow as usual even though it is not functioning as it
should. Complete tube failure is easily found and
remedied but a gradually failing tube may produce a
number of vague troubles that make it difficult to dis-
cover.

A failing tube often can be found by the process
of substitution. Replacing first one tube and then an-
other until the set operates as it should will soon indi-
cate which one of the tubes in the receiver is at fault.

A Simple Tube Checker: To differentiate accurately
between good tubes and worn tubes, some form of
tube-checking circuit must be employed. Although
many elaborate tube checkers are sold for use by
servicemen, the amateur experimenter can make an
inexpensive yet highly efficient unit by following the
simple wiring diagram shown in Fig. 130.

The homemade tube checker consists simply of five
sockets to take care of the variety of tubes used in re-
ceiver construction, a two-scale A.C. voltmeter (o-4
and o-8), a filament-heating transformer (7.5-volt sec-
ondary), a 500-ohm power rheostat rated at 75 watts, a
single-pole, single-throw push-button switch, a 15-watt
tungsten-filament electric lamp, an o-1oo milliammeter
(D C.), a grid-cap connector, and some connecting
wire. The five sockets are a medium four-prong, a
medium five-ppeng, a small six-prong, a small seven- -
prong, and $ poctal eight-prong. They should be of
the below-the-panel connection type and, therefore,
five holes af about 1-inch diameter must be dnlled
in the mounting panel.

As shown in the schematic diagram, the plate, grid,
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and additional grid -connections on each socket are
tied (connected) together. Basically, only four con-
nections from the circuit are made to each socket.
These include the cathode (on sockets B, C, and D),
the filament or heater, and the combined grids and
plate. Naturally; since the circuit must operate when
a tube is placed in any one of the four sockets, the
socket connections are placed in parallel.

To control the available filament voltage, the o- to
s500-ohm power rheostat is placed in the 11o-volt
primary of the filament transformer. Although in this
position, the variable resistance will give smoother
action, it is also possible to control the voltage by
placing the rheostat in the secondary. Because the
voltage in the secondary never will exceed seven and
one half volts, the rheostat placed in this position can
be smaller.

Since the serviceman will need this tube checker
when he makes his service calls, it will be well to place
the circuit in some sort of covered case. Suitable cases,
such as shown in Fig. 131, can be purchased from
almost any radio supply house for a dollar or so. By
planning the switch and socket panel, a recess can be
supplied to take the power cord and plug. Of course,
if the circuit is to be used only in the laboratory, it can
be mounted bread-board fashion or on a convenient
vertical test panel.

In order to master the operation of the tube
checker, the amateur first should test out a number of
new tubes whose conditions are known to be good.
In this way, he will arrive at standards that will be
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of assistance in determining whether or not a sus-
pected tube is giving the service it should.

The first step is to place the tube in the proper
socket and to connect the common grid cap if one is
required. Then plug the power cord into the nearest
110-volt A. C. wall outlet or socket and adjust the
rheostat until the voltmeter across the transformer
primary indicates the specified filament voltage for
the tube being tested. The rheostat should be at its
full-on position when the power plug is inserted and
gradually reduced to bring the voltage up to the re-
quired point. Should the rheostat accidentally be left
in the low-resistance position, the excess voltage may
blow the tube. As a precaution, it wiil be well to paint
some sort of red marker on the rheostat knob to serve
as a reminder.

When the filament voltage has been adjusted to the
proper point, push the switch button in the combina-
tion grid and plate circuit, holding it down just long
enough to take the milliammeter reading and note.
whether or not the meter needle holds its reading.
When testing an old tube, should the reading waver,
gradually rising, it indicates that the tube is gassy
and probably is causing trouble.

When making this reading, do not hold the push-
button switch (SW1) down any longer than is neces-
sary. If held down more than two or three seconds, it
may materially weaken the tube.

Once the reading has been made, adjust the power
rheostat to reduce the filament voltage gradually.
Take readings of the milliammeter at intervals and
note when the plate-grid-circiiit current starts to fall
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off materially. In a new tube, you will find that the
filament voltage can be reduced more than twenty-five
percent without any great change in the milliammeter
reading. If a tube is in fair condition, a reduction of
twenty-five percent in the filament current should not
cause a corresponding decrease in the milliammeter
reading of more than ten percent. By testing various
tubes of known condition, however, the experimenter
soon will formulate standards that will assist him in
selecting the good from the bad.

Besides checking the electron emission of tubes, this
circuit also will give an automatic check on the in-
ternal condition of the tube. Should a short circuit
exist between any of the elements and the cathode,
the fifteen watt lamp will indicate it by glowing
brightly. If switches are placed in the various indi-
vidual grid circuits, short-circuit tests also can be
made for the grid circuits. If opening any one of the
switches does not cause a decrease in the milliammeter
reading it is a good sign that one or more of the ele-
ments is short-circuited.

As a guide in using the tube checker, the amateur
should paste various tube tables under the cover of
the cabinet where they will be visible for instant use.
A table showing the specified filament voltages for
the various tubes will make it an easy matter to adjust
the power rheostat to the required initial position.
Also, a table of standards compiled after the new
tubes known to be good have been tested, will be help-
ful in making comparisons. When an unknown tube is
being tested, a quick glance at the standard table will
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