- ETS YOU CAN BUILD, WITH COMPLETE .
INSTRUCTIONS, PICTURES AND DIAGRAMS
A " { »

r e S




OVER 100 HOME REPAIRS

FIX IT YOURSELF

TELLS YOU WHAT TO DO
AND HOW TO DO IT!

A Few of the Hundreds of
Items in this Big Book: - -

Bulld a cedar closet
Repair porch steps

Fix wooden & slate roofs
Fix vacuum cleaners
Fasten woodwork to brick
Inclose an open porch
Make a preserve closet
Repair doors that stick
Lay floor boards

Fix washing machine
Lay linoleum flcors
Patch plaster walls
Apply wall paper

Apply border to wall
Finish floor with varnish
Remove old paint

Paint wood and metal
Paint stucco and concrete
Repair leaking pipes
Clear clogged drains
Keep pipes from freezing
Repalr eiectric wiring
Operate oil burner
Refinish furniture

Repair bullding Hle

And hundreds more!

Easy Money-Saving
Ways to Modernize
Your House!

Just one glance at this great new practical book, FIX IT YOUR-
SELF, and vou'll sce how easy it is to save yourself bundreds of
dollars in home repairs and improvements! It’s jam-packed with all ‘
the tested methods of repairing your home appliances, plumbing,
fixtures, furniture and heating plant! You'll say its 163 pictures
and diagrams make everything as easy as ABC! You’'ll learn how
simple it is to enclose an open porch, make a preserve closet for the
basement, cut glass for a broken window pane, repair floors and lay |
linoleum, paper or plaster a room, build general purpose shelves
and ironing boards, and make old woodwork shine like new! |

256 PAGES! 163 PICTURES! BARGAIN PRICE!

Glance through these step-by-step instructions—see how fast
you can learn to fix a leaking water pipe, repair a faulty vacuum
cleaner or washing machine—how you can clear a drain that's
clogged, and save a small fortune by applying your own
storm doors and windows or weather stripping! |
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How to bu
Radio Parts

By Frank Tobin

Knowing what to buy and

shopping,

SHOULD you ask a radio-parts salesman
for a “double-o-one-mike condenser,” he
could put out a counterful of parts—all dif-
ferent, yet all .001-mfd. capacitors. “Which
do you want?” he might ask. “Paper, mica, or
ceramic—and what voltage and tolerance?”

If vour first impulse is to say that it makes
no difference so long as the capacity is right,
you've probably never seen the wax melt
out of a paper condenser used where a mica
should have been. Sometimes, to be sure,
identically rated parts may be used inter-
changeably. But don't overlook the many
cases where an improper part may cause a
short. burnout, or open circuit, or simply
become defective in a hurry.

Some of the things that are worth know-
ing about condensers, coils, resistors, output
transformers, and tubes are dealt with in
this article. You may find them helpful next
time vou shop for radio parts.

Condensers—Fived and Variable

Mica condensers (Fig. 1) are easily recog-
nized by their molded-plastic cases. They
ave commonly used in by-pass and coupling
circuits and as grid condensers in grid-leak
detectors. Their working-voltage rating is
generally about 500 volts DC but the cases
are rarely marked. Mica condensers are used
mostly at high frequencies, and therefore ca-
pacities are low, ranging from about 50 mmf.
to 6,000 mmf. (.006 mfd.). You'll find micas
in demand wherever low capacities with

8

why is the first step to successful
and the key to building electronic gadgets that work.

low loss at high frequencies are required.

Incidentally, in case condenser arithmetic
has vou stumped, the basic unit of capacity
is the farad. As radio components go, this
unit is enormous, so it’s divided by a million.
This gives the microfarad (mfd.) and can be
expressed as .000001 farad, (one millionth
farad) but would normally be written 1 mfd.
Even that’s big in radio work;, so the micro-
farad is further divided by a million to give
the micromicrofarad (mmf.) which can be
written .000001 mfd. or, more simply, 1
mmf. To translate mfd. to mmf., simply
move the decimal six places to the right (in
effect, multiply by a million). Thus .0001
mifd. is the same as 100 mmf., and .005 mifd.

becomes 5000 mmf.

One of the war-developed ceramic capaci-
tors will often do when specifications call for
mica. Ceramics have high stability and com-
pactness; they come in the form of small
disks or tiny cylinders resembling fixed re-
sistors (Fig. 1). They arc also primarily for
use in radio-frequency (RF) circuits.

Paper condensers can be found in every
stage of a modern receiver. Thev have such
varied functions as by-passing stray signal
voltages, coupling two stages, bass boosting
(in tone-control circuits), and filtering in
certain rectifier applications.

Working voltages are usually indicated for
paper condensers, and it is important that
the rating be adequate. Wheu in doubt al-
ways take a larger voltage. In AC-DC or
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battery-operated receivers a condenser rated
at 400 volts allows a safe margin. You might
get by with these even in an AC set or
amplifier that delivers 250 to 350 volts of
B plus, but a few pennies more can buy
greater safety in the form of 600-volt con-
densers. Sometimes heat generated by tubes
may melt the wax in which a condenser is
sealed. Where this seems likely, try to get
capacitors sealed in plastic.

There .is still another type of fixed con-
denser that crops up in practically ever:

piece of radio or electronic equipment—the
electrolytic. This is used in all filter circuits
and in many special applications. Electro-
lytic condensers come in aluminum cans or
cardboard containers. In order to save space
(and cost), two or more units are often put
in one container with separate leads brought
out. A single can containing two units is
called a dual electrolytic; multiple electro-
lytics with up to four sections are common.
Polarity must be observed for electrolytics,
so make sure the leads are color-coded or




UNINSULATED
CARBON INSULATED

CARBON

otherwise marked. Standard codes use red
for the positive and black for the negative
terminals.

Fixed condensers sometimes vary from
rated value by as much as 20 percent plus
or minus. LExcept for test equipment or the
like yvou can usnally allow an extra margin
of up to 20 percent when vou can't find a
condenser of the right size. If the parts list
calls for 005 mtd., yon can get by with .006
or 004 mid. But for very exacting equip-
ment it is frequently wise to pay more for
condensers guaranteed within 3 percent of
stated capacity,

The variable condensers used for tuning
short-wave or broadcast receivers are usually
00014 mid. (140 mnf.) or .000363 mid.
(365 mmnt.). Thevre available cither as
single units or ganged into two or three sec-
tions. The tvpe to buy depends on the num-
ber of tuned circuits in the set. Ganging
of two condensers of unequal size is common
in superhets to tune the antenna and the
oscillator circuits to different frequencies.

Experimenters almost always find it wise
to purchase variuble condensers with built-in
trimmers. These are sandwiches of metal
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and mica (Fig. 2). A setscrew squeezes the
metal plates more tightly when vou have to
increase capacity, or relieves the pressure
to reduce capacity. Fig, 3 shows trimmers
mounted directly ahove the variable plates.
Trimmers are bnilt into most IF trans-
formers to enable you to make minor adjust-
ments. They also come separately for use
in coupling :n antenna to an antenna coil,
as padders in oscillator circuits, and even as
tuning condensers in midget receivers.

Coils

Coils constitute another large and often
bewildering category to the man who sets
out to buy radio parts. Under this head you
will find plug-in, antenna, RF, oscillator, and
IF transformer coils. Some are shielded,
some aren'’t.

Plug-in coils, found in simple ervstal and
regenerative receivers, are generally sold in
matched sets to cover broadecast and short-
wave bands. In most cases the tuning con-
denser is of 140-mmf, capacity. Four-prong
coils are used when the circuit calls for two
windings, while six-prong coils are needed
for three windings,



Auntenna and RF coils are emploved in
small TRE reccivers. Thev are availuble
either shielded or nnshielded. When nsing
unshielded coils, it is hest to mount the an-
tenna coil above the chassis and the RF coil
underncath so the chassis will serve as a
shield. Wherever it is necessarv to mount
all coils on one side of the chassis, or where
there’s more than one tuned RF stage, onhy
shielded wmits shonld be used. In buving
receiver coils, ask for a matched set. This
will assire accurate ganging hetween coils
as well as with the condensers.

Most superheterodyne cirenits eall for an
antenna coil, and thev alwavs reguire an
oscillator coil, and at least two intermediate-
frequency  (1F) transtormers.  Shiclding
problems wre the same as in the TRE set.
In the lower foreground of Fig. 4 an un-
shielded oscillator coil is mounted under-
neath the chassis.

The transtormers nsed to couple 1F stages
are basicallv coils tuned to  fixed frequency

in hroadeast receivers 456 ke, They are in
aluminum cans (Fig. 3 shows one cut away
with lugs. clips, or tfeet by which they can
be mounted.

Some TF transtormers are brought to peak
frequency by trimmers, and some by adjust-
ing an iron core. The latter respond over
a much broader tuning range and arve there-
fore easier to align without a signal generator.

One final point to bear in mind when
buving coils: If vou are building a recciver
with only a single stage of RF or 17, vou
need maximum amplification in each stage.
You will get this plus greater selectivity by
using coils with iron cores.

Fixved and Variable Resistors

You'd have to look hard tor an electronic
circuit that doesn’t use a fixed or variable

resistor of some kind. Fixed carbon resistors
constitute the bulk of all resistance units.
Thev are inexpensive, reasonably accurate,
and come in u farge variety of sizes and rat-
ings. Some are encased in plastic, which
makes themn impervious to moisture and less
likely to short against other components.
Uninsulated resistors (Fig. 6) dissipate heat
a little more readilv but shouldn’t be used
in cramped quarters,

All fixed resistors are rated in oluns (the
unit of resistance) and watls (current rat-
ing). As with voltage ratings in condensers
a larger wattage is safer when there's doubt,

For AC-DC receivers und amplifiers,
Yowatt units are generally adequate in the
control-grid circuits of amplifier tubes. Plate
and screen cirenits should get T-watt re-
sistors, and cathode and filter cirenits 2 watts
or more. Hultel'}-()|)cralle(l equipment can
gencrally get by with ratings halt as large.

Wire-wound resistors are employed where
current drain is high and where stability and
accuracy  are  paramount.  On adjustable
wire-wound resistors part of the winding is
left bare so that a movable metal band can
tap off anv vesistance hetween zero and the
maximuni,

Variable resistors, now found chielly in
the form of potentiometers, have a fixed car-
hon or wire-wound element and a moving
contact turned by a shaft. It vou wuant re-
sistunce to increase evenly in proportion to
shaft movement, specity a linear-taper pot.
Because of tube characteristics. nonlinear
pots usnally give more gradual control over
volume, tone, and bias. 1n logarithmic pots,
usually used for tone and volume controls,
resistance increases at a definite but uneven
rate. In end-tapered pots, used for varving
tube bias, resistance “thins out” at one end.

For the convenience of radio builders, the



makers of potentiometers provide switches
that can be slipped onto the back of the unit
(Fig. 7). The switch is actuated by the first
few degrees of shaft turn.

A potentiometer is usually fastened to a
panel by means of a gripping nut screwed
on a threaded shaft. Since there is a good
deal of variation in shaft nuts, vou can often
do vourself a favor by purchasing an extra
one at the time vou buy the potentiomneter.
With two nuts vou can exactly regulate the
projection of the shaft in tront of the panel
as shown in Fig. 8.

Output Transformers

In purchasing an output transformer for
a small set, it is best to look for the universal
tvpe. Taps on the seccondary winding of the
transformer (Fig. 9) allow matching of any
tube impedance from 1,500 to 20.000 ohms
to any voice-coil impedance from .1 to 24
ohms. These figures vary somewhat with
different makes.

Impedance matching is probably the lead-
ing consideration in the selection of an out-
put transformer, but there is one other that
must never be overlooked. If the transformer
can’t handle all the plate current that will
be delivered to it, it cannot transfer that
power to the speaker. Output transformers
are rated in watts. For most battery and
small AC-DC receivers, 4 to 5 watts is suit-
able; for AC receivers and high-powered
audio amplifiers vou will usually want a
transformer rated at 8 watts or more.

Tubes and Pilot Lights

Some people feel that radio tubes offer
the largest variety of radio components.
Several catalogs list upward of 400 types.

This, however, need rarelv worry the builder
who works from a parts list. The specifica-

tions always designate tubes by numbers.

One puzzling element is the lettering that
follows the tube number. A metal 6K7, for
example, has the same electrical characteris-
tics as the glass-dome 6K7-G or the bantam
6K7-GT (the latter is sometimes listed as
GT/G). The only differences are in their
physical dimensions (Fig. 10) and in the
method of shielding. The first of these tubes
is encased in metal, the other two in glass
envelopes of dillerent sizes (G being con-
siderably larger than the GT). The 6K7 re-
quires no separate shielding, while the others
must be covered with a metal shield (Fig.
11) to suppress undesirable coupling. Only
tubes used in the high-trequency circuits—
RF, converter, 1F, and sometimes detector
stages—nced shielding; others such as power
output tubes and rectifiers don’t require it.
Fig. 10 shows the most common types of re-
ceiving tubes, being, trom left to right, sub-
miniature, miniature, bantam (GT), metal,
and glass dome (G).

Sometimes vou want to duplicate a par-
ticular circuit in a smaller size. This is be-
coming increasingly possible with miniature
components. For example, the 30L6 heam-
power amplifier can be replaced with a
50B35 miniature.

Dial pilot bulbs become critical in AC-DC
sets, because thev're in series with the tubes
and must match them in current rating, since
current is equal in all parts of a series circuit.
The bulb ratings are marked by a colored
glass bead in the bulb. For example, a set
using tubes with heaters drawing .15 amp
at 6.3 volts calls for a brown-bead pilot bulb.
A white bead means .5 amp. at 2.5 volts, a
blue .3 amp. at 6 to 8 volts, and a pink one
.06 amp. at 2 volts. All tvpes come with
both bayonet and screw bases to suit the
two socket types (Fig. 12).
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Rubber Tips Insulate Chokes
WHEN crowding radio parts close together
to make a compact job, here’s a method for
protecting the bare metal ends of an RF
choke against accidental contacts, For each
end, cut the rubber tip from an old medi-
cine dropper and place it over the end as
shown.—Alfred H. Fortier, Orono, Me.

Vent Holes Prolong Tube

A FEw %” holes
drilled around the
socket of the rectifier
tube of a large re- |
ceiver, amplifier, or |
transmitter will keep
the tube cooler and
thus help to increase
its life. Other nearby
components are also benefited because the
increased air circulation carries away much
of the damaging heat.—D. J. Bachner, Jack-
son Heights, N. Y.

WINDOW SCREEN,
~ WALL,OR PARTITION

”"”'d i
‘Buuh ll'lflh

346 BRASS ROD
THREADED BOTH
ENDS

CLEAR PLASTIC
FUNNELS

Lo

Insulators Made From Funnels

I »apE some swell cone-type feed-
through insulators from the small plastic
funnels sold in dime stores. Comparable com-
mercial insulators would have cost me a lot
more. Two of the funnels, with the tips cut
off, are used for each insulator as shown in
the sketch above.—Arthur Trauffer, Council
Bluffs, Iowa.

Iron Plug Is Phone Terminal

AN oLb electric-iron plug can be converted
into a handy terminal for a mike or phono
input or used for an output connection to
speaker or phones. Its own cable can be
brought under the chassis to the appropriate
connections, Incoming leads are fitted with
banana plugs, which are in most cases a
good fit in the holes. Either bolts and nuts
or self-tapping screws can be used to hold
the clamp. Being built with heavy-duty
insulation, the plugs can be attached di-
rectly to the chassis as shown.

‘iled on Plain Knob

IT 15 often convenient to have a reference
point on the knob of a volume, tone, or other
control so that a setting can be noted for
future use. If you don’t have a pointer knob
on hand or want one that matches the others
as closely as possible, you can convert an
ordinary round knob to your purposes as
shown. File two small flats on the rim, leav-
ing a small portion between them. Then file
this portion sharp to form the pointer.

A spot of paint or nail polish on the point
will make it easier to read.

Pointer

13



_a hadio-Burlding Hints for

the Begmner

The best way to learn radio building
is by building radios, but these tips
may smooth your first steps.
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By Frank Tobin Quite literally, the chassis is the founda-

tion of any electronic gadget. It’s the place

ANY craftsmen who have been bitten where you hang all the parts. You can bend

by the radio bug have discovered that it up out of tomato cans, cut it from a

the hardest thing about getting started in breadboard, or use the orthodox kind that

radio is—getting started. Right at the outset you buy in radio stores. Most of the latter

you have to answer a hundred practical are made of either aluminum or steel, gen-

questions that crop up even in the simplest erally about 1/16” thick. They come in a
project. Common sense can answer most of variety of sizes and finishes.

them, but a few pointers may help you past Aluminum, of course, is easier to work

the first bottleneck. with than steel, particularly if you have only

A ruler and a sharp punch are used to mark Where a hole is to be made, hit the punch a
a chassis. For experimental layouts that ma sharp hammer blow. The indentation guides the
have to be erased, use soft or colored pencil. drill, helps get the hole exactly on center.

]




a hand drill. With an electric drill the dif-
ference isn’t very great. You can use car-
bon-steel bits with a hand drill, but high-
speed drills will last longer if you have a
heavv-duty electric drill.

Drilling the holes is an easier matter than
deciding where to drill them. Tube sockets
and coils especially must never be placed
haphazardly. They have to be located and
oriented so as to keep the leads as short as
possible. Not all wires can be short, of
course, but they aren’t all equally important.
The critical ones are those going to plates
and grids. From the diagram or a tube man-
ual you can easily figure which way to turn
a socket or IF transformer so that the leads
will remain short. Screen-grid and B-plus
wires are next in importance. Keep them
short if you can, but don’t worry if they
have to stretch a bit. Heater, ground, and
AVC leads practically don’t count in the
shortness sweepstakes,

Should you find that the grid leads in an
audio or output stage have to be long, use
shielded wire and ground the braid to the
chassis at some point. Good examples are
the connections to volume or tone controls.
Do not use shielded wire in radio-frequency
stages, as the added capacity of the shield
may easily throw off the alignment of the
coils and tuning condenser. And if any grid
wire has to cross one that goes to a plate,
make sure they do so at right angles.

A chassis punch consists of a two-jaw cutter,
left, a die, and a machine bolt. A separate
punch is needed for each difterent hole size.

Drawing up the bolt with a wrench brings the
cutter and die in contact with the chassis and
shears out a clean, precise socket opening.

Wherever possible, group components
which perform similar functions. The RF
and IF parts can go on one section of a
chassis, the audio and output stages are
gathered in another, and the rectifier and
power-supply pieces occupy still a different
corner.

Once vou've decided where each of the
parts is to go, mark the chassis for drilling
with a soft pencil or a sharp-pointed tool.
At the spot where a hole is to be drilled,
make a punch mark that can serve as a pilot
for the drill. Since the three holes for a
tube socket (two hold-down screws and that
for the socket opening) must line up exact-
ly, marking and drilling require care.

Small holes are easy. All you have to do
is select a drill of the proper size. Larger
ones for tube sockets and the like are an-
other matter. There are three common meth-
ods for making such holes.

You can either enlarge a smaller opening
with a rat-tail file, use an adjustable hole
cutter in a drill press, or employ a chassis
punch. Punches are made in all the com-
mon socket sizes; the three that take care
of most work are %7, 11/16” and 14”.

It is difficult to visualize in advance all
the holes that may be nceded, but drilling
others after some parts are mounted may
endanger those parts. Why not drill a few
extra holes, especially in strategic locations?

Remember, for example, that leads from

-, AN Vet g

Any burred edges that are left after drilling
—especially in aluminum—should be removed
with a file or a heavy knife blade.
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Copper wire solders best when it is tinned.
Best het is to buy it that way, but you can
tin the ends yourself by scraping them clean

a transformer or choke can’t get to the un-
derside of a chassis through solid metal. A
5/32” or 3/16” hole is about right for pass-
ing a wire through the chassis. You need
an opening, also, when you use a tube that
has a grid connection brought to a metal
cap on top. And for each gang of a tuning
condenser there has to be some way to get
to the stator (fixed) plate terminals. If the
condenser has lugs on the bottom, drill over-

A soldering lug. held down by a screw that is
used to fasten some other part to the chassis,
provides an excellent ground connection.
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and dipping them into rosin flux paste. Put

an end on a metal plate and run a thin coat
of solder over it. Melt off any excess.

size holes—say %” to %”—so that neither the
lug nor the connecting wire can touch the
chassis.

Once you have all the holes drilled and
the parts mounted, you can get down to the
serious business of wiring the set. It is usu-
ally advisable to make all filament or heater
connection first. Take care of the cathodes
next, then go back to the RF stage and work
along, in order, to the rectifier.

In AC receivers where heater voltage is
obtained from a filament winding on the
power transformer, twist the leads and
ground the centertap of the winding. This
helps to reduce hum pickup. If the wind-
ing has no centertap, ground one of its two
leads and one of the heater pins on each
tube socket directly to the chassis. The
other transformer lead then goes to the re-
maining heater prongs. Always use stranded
wire with good insulation; it withstands
twisting and bending a good deal better
than solid wire.

While stranded wire is recommended for
heater connections, a solid wire—preferably
with insulation of the “push-back” type—
has advantages for B-plus and plate leads.
Being less flexible, this wire can be bent up
out of the way and will stay where it is put.

In actual practice you will find that you
don’t need very much wire to hook up a set.
Many components are sold with their own
leads, which are almost always ample for
the connections that have to be made. If
they aren’t, the chances are that something
is wrong with the placement of the parts.
Most often it will be necessary to cut these




Many components can be purchased with
tinned wire leads, all ready to solder into the
set. Push about %” of insulation back from end.

leads down to size. When one isn’t needed
at all, cut it off short.

Much the same facts apply to small parts
such as resistors, mica and paper condensers,
and plate chokes. These usually come with
“pigtail” leads which are stiff enough to
support their weight. If a pigtail lead has
to come near or cross a bare wire, or is in
any other danger of grounding or shorting,
slip a length of “spaghetti” tubing over it
for insulation.

To provide anchoring points for a wire
that goes to ground or for two or more leads
that come together, use soldering lugs and
terminal strips. The soldering lug is a little
metal tab with a hole at each end. Slip one
hole over a machine screw that is being used
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Terminal strips make fine anchored meeting
points for ungrounded wires. The pencil points
to one; another one is in the background.

to hold down some large part, and clamp it
with an extra nut. Wires that are soldered
to the other hole will then be in good elec-
trical contact with the chassis.

When joining unground wires—as several
B-plus connections that come together—use
a terminal strip or lug. These consist of one
or more eyelets mounted on a fiber strip. A
leg is provided for bolting the strip to the
chassis, but the eyelets to which connections
are made are insulated from all other points,

Copper wire that has been “tinned” (that
is, cleaned and finely coated with solder)
is best for radio work as it allows faster and
more secure soldering. Try to buy tinned
wire and parts with tinned leads, but if you
can’t, here’s how to fix them up yourself.
Cut off or push back the insulation to a dis-
tance of about %” from the end, and clean
the copper with a piece of emery cloth.
Stick the cleaned tip into a can of rosin flux
paste and place it on a small metal plate.
Bring a hot iron and a strip of solder into
contact with the end. A thin coat should
adhere to the wire. Run oft any excess with
the hot iron.

Never use acid-core solder in radio work,
Acid can corrode the connections, and if
any should remain between socket prongs
or other critical points, it could act as a leak-
age path for the busy electrons. Plain and
rosin-core solders are fine, and a can of rosin
paste is handy since even the cored solders
can stand some extra flux. Excess paste on
a joint need not be wiped off as it can’t do
any harm. In making soldered connections,
heat the joint and let the joint melt the
solder.

Try to visualize all necessary holes and drill
them in advance. One is needed to clear the
stator lug on each unit of a ganged condenser.

i1



Still the beginner's chojce, crystal
These

four de luxe versions will surprise

receivers refuse to die out.

you with the things galena can deo.

By FRANK TOBIN

CRYSTAL receivers occupy a unique and
honorable position in the history of
modern science. Almost to a man, the pres-
ent generation of engineers and technicians
grew up on crystals, and it is this generation
that has made electronics a synonym for
progress and achievement.

With the rapid advance of the radio art,
crystal detectors were forced to give way
to vacuum tubes. But as much as they've
been shoved into the background, these
perennial favorites have never passed out of
the radio picture. Beginners and experi-
menters who like to do a lot with a little still
find their simple circuits inviting, especially.
since new developments in crystals have
given a boost to the old-fashioned sets.

Take, for example, the novel radio phono-
graph shown on the next page. The output
of the pickup (which employs a piezoelectric
rather than a detector crystal) is sufficient
to drive one or two pairs of headphones at
full strength and with excellent quality. By
using a spring-wound motor in place of the
one shown, you can make the outfit inde-
pendent of a power supply as well as of an
amplifier.

Most of the space in the standard 4” by
10” by 12” cabinet is occupied by the phono-
graph. One of the newer fixed crystals
(type IN34) is used in the radio. An
antenna coil of the type commonly used in
A.C.-D.C. sets and a .00036-mfd. variable
condenser are employed for tuning. Con-
nected between the primary and secondary
windings of the coil, a midget .00005-mfd.
trimmer adjusts the coupling. The looser
the coupling (i.e., the more out of mesh the
rotor plates are) the greater will be the
selectivity and the weaker the volume.
Once it is set for any particular locality and
antenna, the trimmer need not be altered.

A pickup with as little as .5-volt output
will serve, but one rated at 1.5 volts or more
is preferable because the output of the
phono crystal is fed directly into the head-
phones without amplification. To vary the
volume, use different needles. Soft needles
give less headphoune volume than hard ones.

GRYSTAL
ST

Too much power can sometimes be as bad
as too little. Standard crystal receivers used
close to several high-powered transmitters
often fail to separate the stations, and it is
to overcome this weakness that two separate
tuned circuits are employed in the super-
selective receiver illustrated at the top of
page 20. Coils L1 and L2, together with a
.00036-mfd. variable condenser (Cl1) form
the first tuned circuit; L3 and C2 form the
second. Selectivity is obtained in this fash-
ion without sacrificing signal strength.

All the coils are wound on a 2%” tube 6!%”
long. Use No. 24 enameled wire throughout,
winding 50 tums for L1, 25 turns for L2,
and 60 turns for L3. When a long outdoor
antenna is available, better results can be
obtained by connecting it to the midpoint
of L1.

Closest in design to the conventional crys-
tal set that has been popular since the begin-



Radio-phonograph combinations strike a new note
in crystal-set construction. The complete yet ex-
tremely simple unit shown at the right depends upon
two relatively recent developments. First is a high-
output pickup that can operate headphones directly
without amplification; the second is a preset, fixed-
crystal detector. Because this crystal requires no
manual adjustment of its cat's whisker, the entire
radio can oe tucked out of sight inside the cabinet.
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Two separate tuned circuits enable this receiver to
distinguish between two or more powerful signals.
The alligator clip is used to centertap the antenna
coil, LI, when a long aerial is available.

ning of radio is the compact portable shown
below. To cover the entire broadcast band
with its .00014-mfd. condenser, two sets of
coils are needed. These can be made inter-
changeable by winding them on a pair of
4-prong, 14" plastic forms. For use between
200 and 350 meters, L2 should consist of
100 turns of 32-gauge wire, and L1 of 40
turns of No. 36. Leave 1/16” to %” space
between the two windings. Stations oper-
ating in the 350 to 550-meter range can be
tuned in with a coil that consists of 170
turns of No. 34 (L2), and 60 turns of No. 36
(L1). As before, enameled wire is used

This tiny set makes a fine traveling companion. For
use on camping trips, carry a long coil of antenna
wire and a spike that can be driven into the ground.

PORTABLE CRYSTAL
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8-PRONG (OCTALY
WAFER S0CKET

Departing from conventional crystal-set design,
this model employs one stage of amplification.
With 90 volts on the plate, it will operate o
loudspeaker or pull in distant stations.

ONE-TUBE CRYSTAL
RECEIVER

PHONES O
SPEAKER

450F 90
YOLTS

L
5 VOL‘SI

O~

for all windings. The small left-hand com-
partment in the 4” by 77 by 8” cabinet will
hold a single headphone, the extra coil, a
hank of antenna wire, and a ground con-
nection. A stock cabinet is illustrated in the
photo, but one like it can casily be glued up
out of thin wood stock.

Because crystals can only detect a signal
without amplifving it, they rarely give satis-
factorv performance when used at a distance
of 50 miles or more from the transmitter. I
you want to double the radius of useful
reception, however, you can add an ampli-
fier tube as is done in the circuit pictured
above. For phone reception, 45 volts on the
plate of the 1ASGT should be sufficient. In
addition, local broadcasts may often be
picked up with a loudspeaker connected in
place of the phones. For speaker operation,
plate voltage should be increased to 90.
A separate A battery supplies the 1.5 volts
needed by the filament.

For the sake of simplicity, all the parts are
mounted on the front panel of the metal
cabinet. As the chassis panel is grounded,
and it is necessary to keep the tube and coil
sockets from making contact with it, a card-
board insert is placed between the panel
and the sockets as shown in the drawing.

Windings L1, L2, and L3 consist of 40,
70, and 110 turns respectively. For the first
pair use No. 36 enameled wire, and for L3
use No. 32. Wrap a strip of tape around
the lower end of L3 and wind L2 over the
tape. When tuned by a .00036-mfd. vari-
able condenser, this coil will cover the entire
broadcast band. The close coupling of L2 is
intended to increase signal strength when
the set is used with a short antenna.

Several types of crystal detectors may be
purchased from radio supply stores, and
three different ones have been employed in
these four circuits. As far as performance
is concerned, any of them may be used in
any of the sets, but a fixed, preset crystal is
suggested wherever the layout requires that
it be placed in some inaccessible spot.

When using an adjustable crystal, move
the cat’s whisker carefully over the surtace
while turning the condenser slowly back-
ward and forward until a sensitive spot is
found. Don’t bear heavilv on the contact,
and try to avoid touching the crystal with
the finger tips as any oily film on its face will
reduce the number of sensitive spots.

For maximum performance with any crys-
tal set, use a long outdoor antenna and a
good, clean connection to ground.

U
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Start with a one-tube receiver and add stages. This set gets better as it gets bigger.

eoTInerS
adio Grows
V Slages

By Albert Rowley

HAVE vou ever thought of budgeting a
radio? That is, investing small quan-

tities of money, time, and study until they

add up to the finished job you want? If you
now have a nodding acquaintance with the
electronic art, you'll learn a great deal more
by watching this radio work as it grows. For
a few dollars and even fewer evenings you
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can build yourself a one-tube-plus-rectifier
receiver that will bring in most of the local
stations at comfortable headphone volume.

Later, at your leisure, you can add an-
other tube to increase the range and selectiv-
ity of the set. Then—like building with
blocks—you can add a third tube to com-
plete the job. You’ll have a three-tube loud-
speaker radio that makes a fine extra set for
the workshop or even a fill-in upstairs.

As can be seen from the photos, the build-
ing-block idea is an actual method of con-
struction. Each of the four stages is built
on a slab of wood %” thick and 6” long.
They vary slightly in width, the detector
stage being 3%” and the audio 2%”, while the
rectifier and RF units are each 3” wide.
This adds up to 127, which is the width of
the front panel to which all four units are
ultimately attached.

The first set to make is the one-tube re-
generative receiver consisting of units 1 and
2—the detector and rectifier stages. If vou
want to see what the schematic of this set
looks like, fold page 25 down the center.
Now fold up the left-hand column along its
center. This covers up unit 4 and brings
units 1 and 2 together.

On the detector block, drill or saw out a %”
hole centered about 2” from the front edge.



Mount an octal wafer socket with the prongs
fitting into the hole and the base of the sock-
et flush with the board. The lugs to which
connections are soldered can be bent over
to rest flat on the board. Wood screws hold
down the.socket, coil L1, and the half dozen
terminal strips that are used to anchor the
fixed resistors and condensers. Predrilling
the screw holes makes the assembly easier.

An air-core RF coil is used in this stage
as the antenna coil. The plate lead (A) is
connected to an external antenna and the
B-Plus terminal (B) goes to the point marked
C in the diagram. The other two leads are
wired in the usual fashion to grid and
ground.

Before you do any wiring on the detector
stage, wind 15 to 20 turns of No. 34 D.C.C.
wire around the ground end of the second-
ary or grid winding. This will become the
tickler coil (L2) and will serve to feed back
some of the signal to the grid in order to
build up amplification. The amount of feed-
back is controlled by the 5,000-ohm poten-
tiometer, R2, which makes it, in effect, the
volume control.

Ground connections are brought to a 1”7
angle bracket mounted flush with the front
edge of the block. A soldering lug under the
wood screw that fastens the bracket collects
the ground leads. No connection is made to
the phone jack terminal marked D in the
diagram.

When the detector block is assembled,
start on the rectifier. A feed-through switch
is cut into the line cord to turn the power on
and off. The two leads coming from the
switch are anchored to a 2-lug terminal
strip. Solder the pigtails of a .01-mfd. con-
denser (C9) across the same two lugs.

A filament transformer for the 6-volt tube
heaters and a dry-disk selenium rectifier are
the principal components of the rectifier
stage. Output of the dry disk, as filtered by

The coils in both the detector and RF stages
must be altered. Nail polish is an effective coil
dope for sealing new turns in place.

5" PM SPEAK
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Aluminum feil stapled to the front panel acts
as a common ground or chassis and also pro-
vides shielding for the variable condenser.

R3, and the dual electrolvtic, C7, C8, feeds
about 100 volts of direct current to the B-
plus line going to the other stage or stages.

One leg of the angle bracket on each
block is bolted to the front panel. This panel
is backed by a sheet of aluminum foil or tin-
foil stapled or tacked to the board. The foil
serves as a shield for the tuning condenser
and also as a common ground return.

If you plan to build all four stages of the
receiver in time, vou can save yourself some
work by completing the front panel right at
the start. It is a 4” by 6” by 12” hoard on
which are mounted a two-gang tuning con-
denser, closed-circuit phone jack, and 5,000-
ohm potentiometer. A trimmer might be in-
cluded in this list although it is actually at-
tached directly to the frame of C1. The only
parts that will have to be added later are the
5” PM speaker and output transformer. A
grille for the speaker is made by drilling
seven or eight rows of %” holes spaced %”
apart. If you don’t have an electric drill or
drill press, you may find it easier to jigsaw
an opening and cover it with a cloth.

In this one-tube set, impulses that reach
the external antenna are brought down into

First of three sets you can make with your
building-block receiver. It’s a regenerative de-
tector employing one tube plus rectifier.
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the primary winding of the RF coil. By in-
duction the coil transfers them to the sec-
ondary winding where the tuning condenser
(in parallel with this part of the coil) se-
lects one particular signal from the jumble.

This selected signal goes to the control
grid of the 6SJ7 detector tube. It is then
demodulated—that is. the radio-frequency
component or carrier wave is rectified and
filtered out, leaving only the audio-frequency
voltage to energize the headphones.

In order to increase the amount of am-
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plification that can normally be obtamed
from a single tube, part of the signal is fed
back from the plate to the grid through the
tickler winding.

If vou'd like to add pep to the head
phone signals, bring in weak ones with
greater strength, and capture some new ones
that vou can’t get at all, trv adding a stage
of radio-frequency amplification. Unit 3
the RF stage, is ussembled in much the same
way as the detector. Antenna coil L3
should be of the same manufacture as LI.

UNIT 1 (DETECTOR)

C3: 4-mfd.. 150-volt electrolytic. transformer
C4: .05-mfd.. 400-volt paper SR:
Cs: .0001-mfd. mica

C6: .0l-mfd.. 400-volt paper
L1: Air-core RF coil

L2: Tickler coll (see text)

UNIT 3 (RF)

Octal wafer socket and 6SJ7 pentode.

LIST OF PARTS
UNIT 2 (RECTIFIER)

R1: 33.000-0hm. l5-watt carbon R5: 1.000-olim. 2-watt carbon L3: Air-core Ant. coil. (See text)
R2: 5.000-ohm pmzen'_lometer gﬁ‘sés-o}xu 1-watt carbon &gé\ll‘lxger socket and 6SK7
R3: 50.000-ohm. !;-watt carbon 7:50-m g .
R4 100.000-0hm. 3 5-watt carbon. C8:30-mfd, '150-voltdualclectrolytic.
Cl: Second section of 2-gang tuning C9: .01-mfd.. 400-volt paper UNIT 1 (AUDIQ)
condenser. .00041 m{d. each section S1: On-off feed-through switch
C2: 4-80 mmf. variable trimmer T1: 6.3-volt, 1.2-amp. filament R8: 1-meg -watt earbon

100-ma. selenjuin rect
Line cord and plug

J: Closed-circuit phone jack R7: 27.000-ohm, la-watt carbon
Cl10: Front half of 2-gang tuning

condenser (See Cl)
Cl1: 01-mfd. 400-volt paper.

R9: 200-ohim -watt carbon

C12: 50 to 100 mmf. ceramic or mica
(see text)

C13: .0033-mfd.. 400-volt paper.

Cl4: 4-mfd.. 150-volt electrolytic

T2: Qutput trans. (see text)

" PM speaker. octal wafer socket
and 6K6-GT pentode.
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Matching the coils is important, or the two
sections of the tuning condenser won’t align
correctly. Even buying a pair, however,
won’t insure matching in this case, because
the addition of the tickler winding tends to
upset the balance. To remedy this condi-
tion, remove about ten turns of wire from
both the primary and secondary windings
of the antenna coil,

When the RF block is finished, connect
the grid of the 6SK7 to the front section of
the two-gang tuning condenser (C10). Re-
move the external antenna from point A and
connect it to the antenna terminal of L3,
Break the connection from B to C and con-
nect Ato E and B to F.

In this setup, incoming signals are first
tuned by C10, the variable condenser across
the secondury of the atenna coil. The se-
lected signal is amplified in the 6SK7 and
coupled to the detector by means of the RF
coil, which has been restored to its proper
functicn. Having a stronger signal to start
with, the detector stage can now produce
greater outpnt,

Although this two-tuber will get more

than the one-tube job, it is still a headphone
receiver. If you want to strengthen the sig-
nal enough to get loudspeaker volume, add
a stage of audio amplification (Unit 4).
Connect point D on the phone jack to G,
the grid pin of the 6K6.

In order to obtain the correct match be-
tween the plate of the 6K6 and the speaker,
vou need an output transtormer with a pri-
mary impedance of 10,000 to 12,000 ohms
and a secondary of the proper rating for the
voice coil of the speaker vou will use,

Note the 30-mmf. ceramic condenser
(C12) across the grid resistor. The capa-
city of this condenser is far too low for it to
have any effect on the tone of the set. It is
used to increase the amount of feedback get-
ting to the grid of the detector tube when
the audio stage is added. Although it is
wired to the grid of the 6K, it is effectively
located between the plate of the 65]7 und
ground. This capacity must be kept low in
order to prevent oscillation. However if
50 mmi. doesn’t provide enough teedback,
try raising the value of CI2 to a maximum
of 100 or 150 mmf.
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Inercoms
Save You Steps
I Home.

1ce, Shop

Take your pick of a minimum tube-
less cirenit, an instant-heating battery

job, or a heavy-duty AC-DC unit.

F YOU live or work in more than a couple

of rooms, the question you may well ask
vourselt is not whether vou need an intercom
but what kind of intercom vou need. These
tireless servants run vour ervands faithfully
to save you countless steps. At home they
make it unnecessary to shout from cellar to
attic; at work they lighten the load on tele-
phone extensions and get vour essage
through fust

But granting their usefulness, it must still
be admitted that no one type of intercom
is suited to every joh. If vou have to make
only one or two calls a day, vou wouldn't
want a set that draws current while it’s idle.
A battery set will give vou the advantages
of instant heating, and uses no stand-by
power. On the other hand the cost of battery
replacements may make it unwise to use
this tvpe of cirenit when the intercom must
be left on for long periods.

To solve a variety of intercom problems,
PoruLan Scirxer has rounded up the three
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In factories, offices,

and stores, intercoms make
everyone’s work easier.

pairs of squawk boxes pictured above and
on the following pages. The first, built by
Tracy Diers, of Richmond Hill, N. Y., is a
three-tube, battery-powered umit. It re-
quires no warm-up period. so calls can be
made instuntly from either end. Because no
current is used unless a call is being made
the batterics will have long life.

The second pair. devised bv William Nor-
ton, Manhattan. N. Y., consists of two iden
tical units. 1t would be hard to find a simpler
circuit, for each box contains onlv a war-
surplus carbon mike, a speaker, and a bat-
terv. No tubes are used.

Henry C. Martin, also of Manhattan. built
the third sct. It operates from an AC or DC
house line and is ideal for service in which
it will be turned on in the morning aud off
at night. After it has warmed up, calls can
be made from either end just by pressing a
button. In the photo at the right, above. the
remote unit is shown in service as a baby
tender. The master set in the shop enables
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Homemaking is big business,
too. Intercoms skip stairs
from kitchen to study.

Al

you to keep tabs on a sleeping child up-
stairs. Note the clock placed next to the
listening box. So long as its ticking can be
heard downstairs, you know the intercom
is functioning.

Batterv-operated Intercom

In the three-tube circuit shown in photos
and diagram on the following page, two
small permanent-magnet speakers double as
microphones. Power is obtained from a 67 -
volt B battery and a 1%-volt hearing-aid cell.

Build the amplifier first. The model pic-
tured was assembled on a 3%” by 4%” chas-
sis. Three tubes and two transformers are
mounted on top of the chassis, as can be
seen in the photos. An 8-contact terminal
strip is also placed on top to facilitate con-
nections to batteries and the remote unit.

The amplifier should present no special
wiring problems. Short leads are always
desirable; all of these were made with push-
back wire. Ground connections are soldered

No need to run up to see
if baby’s awake. A speaker
listens for you.

to lugs bolted to the chassis. Use solder
sparingly; a blob of it could easily short-
circuit the closely spaced prongs of the
miniature tube sockets.

When vou have completed the wiring, vou
can test the amplifier by counecting the
voice-coil terminals of the remote speaker
to terminals 3 and 4. Press S1 down to turn
on the filaments. The amplifier should start
operating immediately. Since the speakers
are close together in this test, vou will prob-
ably also hear a loud feedback howl. Moving
the speakers farther apart reduces it.

Both the local and remote units were
placed in metal boxes. The former measures
54” by 5%” by 6%”, and has two removable
covers. The back cover was discarded and
a piece of wire screening was fastened in its
place. The front panel is then drilled to clear
the shafts of S1 and R7, and a speaker hole
is cut out.

The remote box is simplicity itself. It
contains only speaker, switch, and a four- ’
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LOCAL
SPEAKER

Local station is assembled on a 3%" by 4%”  Front p.mel of metal box is cut for speaker
chassis; transformers, tubes, and terminal strips  and control shafts; the back cover is removed
£0 on top Controls are on front edge. and replaced with a piece of wire screening.

LISTEN

10
LOCAL
STATION ——
} O————————Q
TALK |

LIST OF PARTS 2
All fixed resistors !2-watt carbon.
R1: 700 ohms. 3
% R6: 22.000 ohms, )

RA 250,000 ohms. 4 %_ REVMOTE SPEAKER
meg, \og.éme control. "« OROUND TO FRAME OF
a e

VOICE OOIL
“"SPEAKER AND METAL BOX

mfd., 450-volt electrolytlc i
(optlona] see text). ohm speaker is used. transformer 4 Permanent-mngnen speakers 2)
81. 52: DPDT toggle, spring return, should match). with 4-ohm voice
T1: Intercom Input transformer, ‘T2: Midget output transformer, 5000 Tubes (1U4, 185, 1S4) wuh miniature
25.000 ohms on grid side to 4 ohms to 8.000-chm plate to 4-ohm velce sockets. cablnets. 4-wire cable,
on speaker side. (If other than 4- coil. batteries, misc. hardware.

When planning parts layout leave space for hatteries; they go in cabinet with amplifier.

Bottom view shows location of most of the Remote station contains speaker and switch.
small parts. Position isn’t critical in this circuit ~Grommet mounting of speaker helps reduce bass
but it's good to keep leads short. tone that often occurs at the end of a long line.

RUBBER GROMMETS

REMOTE SPEAKER

R




contact terminal strip housed in a 4” by 5”
by 6” metal box. Stack a couple of rubber
grommets or washers on the screws that hold
the speaker to spuace it back of the panel.

Connections between the two units are
best made with tour-conductor intercom
cable, hut you can use two lengths of Tamp
cord, The latter, however, mav cause somne
oscillation.  Should this happen, add un
S-mfd. clectrolytic condenser (C4) from
terminal 2 to ground on the local unit. It's
essendial, of course, to connect the local-
station terminals to the corresponding ones
on the remote unit. With four-wire cuble.
the job is made easy by color-coded wires; if
vou use uncoded lamp cord, test each leud
tor continuity.

Tubeless Intercom

There are many cases, especially around
the home, where an intercom would come in
handy, vet the use vou can get out of it
doesn’t justify the cost or work involved in
building a high-powered job. For such light
service, take a crack at the tubeless unit
pictured above. 1t will work at distances
trom 30 to 100 feet. Though it isn’t loud, it
is elear and audible.

Two Army-surplus T-178  microphones
were purchased for about a dollar apicce;
cach of the 67 speakers cost just a bit more
than that. These items plus a pair of bat-
teries are all vou need. If von muake vour
own cabinets, total cost wou't go much
above $3 a unit. Should vou have trouble
obtaining the surplus mikes, use standard
carbon microphones. In this case, however,
reduce battery voltage to 6 to 8§ volts, The
army mikes have three color-coded leads.
Use onlv the black and red ones; cut off the
white. This tukes advantage of the press-to-
talk switches in the mikes: no other switches
are needed. Connect the mmits together with
two-conductor wire attached to the terminal
clips indicated in the diagram.

AC-DC Unit

An amplifier cireunit similar to that used in
small record plavers provides the muscle
for this two-tube squawk box. Special
coupling transformers and a switching ar-
rangement again allow ordinarv permanent-
magnet speakers to double as microphones.
The speaker-to-grid matchiug transformer,
T1, couples the Alnico  speakers to the input
of the amplifier. Primary impedance matches
that of the voice coils (in this case, 4 ohms).
Secondary impedance should be as high as

Simple intereom needs only mike. speaker,
and battery. Parts enclosed in dotted line in
diagram are included in surplus T-17B mike.

possible. In the unit shown it is 106,000
ohms.

The other transformer, T2, matches the
output ot the 30B5 (about 2,000 to 2,500
ohms) to the speaker voice coils. Note the
tap on the primary; this is u hum-reduction
tap. Although it isn't essential, it will im-
prove the performance of the cirenit. If vou
use a transformer without this tap, connect
the points narked X together.

Parts are mounted on a 1127 by 4% hy 57
metal chassis and on a clear plastic panel
bolted to the chassis tront. The controls
that go on the panel are the on-off switch,
St, the 250.000-0lm volume control, R2,
and the press-to-talk switch, $2. A 3-contact
strip is mounted on the rear chassis edge.

After mounting the purts—preferably in
the approximate locations indicated in the
photos—proceed with the wiring. First make
connections to the secondary of T2 and the
primary of T1, theu wire ST and the terminal
strip. Now follow the wiring diagram, read-
ing from left to right. Leave the rectifier
cireuit to the last. When vou get to it, be
sure that both leads are connected to the
rectifier before wiring C6 ou top of it.

Three-conductor cable wires the master
and remote units together. Connections from
onc terminal strip must be made to the cor-
responding numbers on the other.

Once vou have an intercom installed,
vou'll find many extra uses for it. It's pos-
sible, for example, to pipe music from
room to room by placing the mus(er.
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LIST OF PARTS

R1: 33.000-ohm, l2-watt carbon. C3: .05-mfd.. 400-volt paper T2: Output trans. for 50B5; 2.000-
R2: 250.000-ohm volume control. C4: .001-mld.. 600-volt paper ohm plate to 4-ohm voice coil
RJI: 180.000-chm. 1l,;-watt carbon. C5: 8-mfd.. 150-volt electrolytic SR: 100-ma, selenium rectifier

R4: 680.000-chm. !z-watt carbon C6: 40-mfd.. 150-volt electrolytic. Permanent-magnet speakers (2)
R5: 200-ohm. 1-wgli curbon C7: 50-mfd.. 150-volt electrolytic with 4-ohm voice coils. (If other
RG: 390-ohm llne-cerd resistor S1: SPST toggle than 4-ohm speakers are used
R7: 68-ohm. l-watt carbon 8§2. 83: SPDT spring-return switches transformers should match.)

Rg: 1.000-ohm, 5-watt wire-wonnd S4. 85: SPDT (optional) Tubes (12BA6. 50B5). minjature
C1: l-mid . 150-valr electrolytic T1: Intercom input trans.. 106.000- sockets. cabinets, 3-wire cable
C2: 4-mid.. 150-valt electrolytic ohm grid to 4-chm speaker mise, hardware,

AC-DC uni: uses speaker and two-tube ampli-
fier in master or local station. Remote box,
right, contains only speaker and switch.

lear plastic (ront r;nu-l is attached directly
to amplifier. No pilet light is needed since
plastic window shows when tubes are lit.

unit in front of the radin. Since $2 is a
spring-action switch and normally in the
“listen” position you either have to replace
it with an ordinary SPDT switch, or, better
still, add S4. Break the original connection
at the points marked Y-Y and wire in the
new switch. When $4 is in position a4, inter-
com operations remains unchanged; when it’s
flipped to b, the master unit is locked in
“talk” position.

The same considerations apply to the re-
mote unit. Adding S5—and breaking the
original lead at Z-Z—readies the small box to
act as a baby tender. Place it next to the
baby’s erib and it the youngster cries, you
can hear it at the master unit.

The output transformer was placed under
the chassis in this set. If you use a shallow
chassis, it can be moved to the top.



Get more stations at better volume on your
crystal and one-tube receivers by using ampli-
CIY , 5 i

fying phones. They’ll work with any set.

1,000-0HM 570,000 5
PHONE ¢y mED~ OHMS

~gB+(0n  -225v.  t1S¥4a55y
( GROUND) TO -i5V. 10 LPHONE SHELL E
‘ (QR CRYSTAL) V. 45V.  BOTTLECAP CHASSIS

Tube connections are soldered directlf/ to the
pins. Use a small iran and try to solder each
joint quickly; too much heat may cause damage.

AN parts. including wube, are mounted inside
the bottle cap. Battery and phone wires arc
taped together to keep them from sunarling.

Amplifier Fits
On Headphone

OU’LL listen more comfortably to your
crystal and one-tube receivers with a
pair of amplifving headphones. And you’ll
also find them helptul for signal tracing,
checking phono cartridges, and the like.
This amplifier, built on a ordinary pair
of 2,000-ohm phones (each phone is 1,000
ohms) will work with anv type of set. The
whole amplifier, less batterics, fits into a
metal bottle cap meuasuring 1%” across by
ounly %” deep. This bottle-cap chussis is
bolted to the back of one phone. Since the
cap is in effect grounded, vou’ll lessen the
chance of shorts if vou line it with cellulose
tape. Also tape the bolts und spacers.
Initially the two sides of a pair of head-
phones are wired in series, with the com-
mon wire runing down to the yoke and
back up the other side. To coimect the am-
plifier, remove the leads from the phone
carrying the bottle cap and connect them
to the points marked X in the diagram. The
two phone terminals are then wired to pins
and 5 of the tube, which is a subminiature
one, tvpe 2E36.

tnsulate the bottle-cap chasais with tape. The
holes in back are for wounting; drill two more
in the rim to clear battery and phone cubles.

Amplifying headphones complete mw‘)t tor
the batteries. Use a 1.5-volt flashlight cell and
a 22%- or 45-volt hearing-aid B battery




COUPLING
CONDEP:%ER

DETECTOR OR
FIRST-AUDIO
TUBE

= CHASSIS

FIRST-AUDIO TUBE
(OR DETECTOR TUBE

COUPLING \
C{)NDENSER

GRID RESISTOR
-

1. Headphones or even a loudspeaker will of-
ten replace a crystal microphone. Drawings at

IN 9 RECEIVER) ¥ 4 -ﬂ .

the left show connection to common radio cir-
cuits. Above, phone is used to test amplifier.

Radio Parts from
Your Scerap Box

Though most components are designed
for particular jobs, you can make
many of them double up in a pinch.

By Frank Tobin

F YOU’RE a typical radio experimenter,
you know what it means to be stuck for a
vital part when the stores are closed. Since
many amateurs do their work nights and
holidays, it happens to a lot of people. Next
time vou run into that situation, take a look
in your spare-parts box. You may not see
what you’re looking for, but perhaps you’ll
find at least a temporary substitute for the
part you need.

The first rule for making spare parts work
for you is to keep them in good order. Sep-
arate components by type and value, and
never, never toss in a defective part with-
out marking it. If you know a condenser is
shorted or open, throw it away. A transform-
er with one winding open is worth saving,
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however, if you tape on a note that tells
what’s wrong with it.

With a fair selection of resistors you should
never be too badly stuck for a particular
value. Connect smaller ones in series to add
up to the total you want, or in parallel to
get a lower value. The same is true of con-
densers, but in reverse,

Headphones and loudspeakers are usually
thought of as reproducers but they will also
operate as microphones in a pinch. A single
phone will give fair volume with two stages
of amplification, as in an AC-DC receiver;
both phones will do even better. For such
use, connect it as shown in the upper sketch.
In some cases it may be necessary to make
the connection at terminal C of the volume
control instead of terminal A. If the ampli-
fier has a microphone-input jack, you'll use
that, of course. As you can see in the dia-
gram, no special coupling is needed; the
condenser and volume control are already
in the set.



To use a permanent-magnet speaker as a
microphone you need a transtormer to mateh
the voice-coil impedance to that ot the an-
plifier grid. The best het is to use a regular
intercem transformer which has a secoudary
winding in the neighborhiood of 70,000
ohimns. Lacking this, trv an ordinary output
transformer, selecting the highest primary
impedance availuble. Wire them as shown
in the lower sketch of Fig. 1 bluck lines rep-
resent the parts added to those already in
the set.

The humble wafer socket has the mak-
ings of a test-point adapter (FFig. 2). The
waler socket must be of the same base type
as the tube to be checked. Invert the socket,
push in the tube, und plug both tube and
test socket into the socket on the chassis. It
may be necessury to clip the prong sleeves
on the waler socket to allow the tube pins
to extend through.  Beud buack the solder-
ing lugs.

You may find yvourself short of test prods
at a bad time. That's nothing to worry about
if vou have two mechanical pencils around
the shop. These pencils make good substi-
tutes tor prods (Fig. 3). They shonld have
plustic barrels;, or vou may find voursell
holding a picce of high voltage. Make sure
that a good contact exists between the metal
ferrule on top of the pencil and the inetal tip.
Wedge the wire from the meter under the
eraser cap or solder it on.

Coil Forms from Spools

An ordinary wooden pencil, by the way,
will muke a fine core for a high-frequency
choke. Such chokes are widely used in FM
and TV reccivers and in other high-fre-
quency equipment. Leave the graphite in
the pencil; it takes the plice of a powdered
metal core. Saw off a 1”7 piece und wind the
coil around it,

Othier substitute coil foris can be sal-
vaged from flashlight batteries or a sewing
box (Fiz. 4). In the former case, slip the
cardbourd sleeve oll the cell; in the latter,
use a wooden spool from which the thread
has been removed. Finished coils will stav
neat longer if they are couated with liguid
coil dope.

Have vou ever thought of emploving a
power transformer as an output transform-
er? Even a defective unit can be used at
times. In Figo 5 4 fairly common transform
er type is shown in this unconventional ap
plication. Using halt the high-voltage wind-
ing betwceen the plate and B plus, and cin-

-

-

2, Test-point adapter, easilv imade from wifer
tube sacket, allows vou to check voltages at
the tube instead of turning clussis over

W

3. Need a pair of test peods™ “Try nsing me-
clumical pencils. Be sure t1 ey luwe plastic bar-
rels, for the mewal purts may e “hot,

4. Coil firms can be improvised from mamy
commen objects. Windings minst, of course ’
be figured in relation to diameter of the tori

13



5. A power transformer can be used in place
ot an output transformer. It's an expensive sub-

ploving the 3-volt rectifier winding for the
voice coil gave a surprisingly good match
between a 35L6 power tube and the speaker.
For other tubes and speakers yvou can try a
number of other combinations. The 6.3-
volt secondary, for example may be used in
place of the 5-volt one. Also try the entire
high-voltage side, or half the 6.3-volt wind-
ing,

A push-pull andio transformer can be
made from two single-tube transtormers if
thev're wired in series as shown in Fig. 6.
First try connecting one grid and one
ground lead together at the center tap. This
may not be the best arrangement, however,
so experiient with others.

By juggling the filament windings on an
old power trausformer made for 5-volt and
2.5-volt tubes, vou can obtain 6.25 volts.
This means vou can use the transformer in
a circuit employving modern 6.3-volt tubes,
Note, however, that vou no longer have a
S-volt tap for the rectifier, so vou'll have to
use a 6X3 or similar 6.3-volt rectifier, heat-
ing all tubes off one winding.

Subs for Filter Chokes

It often happens that a serviceman or ex-
perimenter is stack for a filter choke. 1t may
occeur when yvou replace a field-coil speaker
with a permanent-magnet one, for the field
coil frequently doubles up as a choke. In
a pinch you'll find a filument transtormer is
a pretty good substitute. Lacking a filument
transtormer, try using the primary winding
of an output transformer in place of the
missing choke. Both applications are pic-
tured in Fig. 8.

Figure 9 illustrates another possible
transtormer dodge.  The photo shows a uni-
versal output transformer being used to feed

L}
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stitute, but it will work nicely until you get a
chance to put in the correct replacement unit.

6.3-volt tube heaters. This won’t work in
all cases, but by trying the various taps on
both primary and secondary you mav be able
to find a combination that steps down 115
volts to a value very close to 6.3. Test the
voltage on an AC meter before risking the
tubes. The transformer should be rated at 8
to 10 watts or higher; smaller ones will over-
heat. The voice-coil winding goes to the
tube filaments while the primary is con-
nected to the 115-volt line.

Selector Switches

If it’s a low-voltage switch you want, you
don’t have to hunt very far. A few nickel-
plated wood or machine screws will do the
job nicely, as pictured in Fig. 10. The setup
shown is a test circuit in which a universal
output transformer is used to feed a nimber
of different speakers. Instead of soldering
and unsoldering a number of connections to
find the best match, make a selector switch
by driving the required number of screws
into a scrap of wood. Place them in an arc
arrangement so that the moving arm—which
can be a fHlat brass or plated bracket about
1% long—will make contact with each screw
head. A small wooden knob can be at-
tached at the end opposite the pivot screw.

Parts substitution of the kind described
above may not save vou much money, but
it will save a lot of time and energv. Obvi-
ously it doesn’t make sense to buy a 33 pow-
er transformer in order to replace a filament
transformer that costs half as much. But if
you happen to have the more expensive unit
gathering dust, vou won'’t lose anything by
putting it to work. I this makes it pos-
sible to finish the building or repair job
you're doing, it will often put you ahead
of the game.
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6. Two single-tube audio transformers make a  Depending on transbormer mcke, method of
neat replacement for a push-pull transformer.  connection may vacy; rv diflereat combinations.
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7. OM twransformers for 2.5 ard 3-volt tuses 8. Filter chokes may se improvsed from either
cau ke used in modern circuits with €.3-vol filiment or outpit tr:nsformers One winding

heaters. This arrangement gives 8.25 volts. isn't used; it cam even he open or shorted.
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9. Heater voltage can be furished in mary  10. Selector swiaches 1r= a cincu lo make. A
ways; one of the more unusual ones is to use £n Cou{»le of screws ind 3 tlat metal arm do the

output transformer. Test tap combinations. trick. Use soldermg lugs for the contacts.
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A Superhet
the Beginner
an Buld

Never huilt a radio? Tune in on
this hobby now with these plans
for a five-tuber anvone can make.

By a High-School
Shop Teacher

l O VOLTS scare vou? Are von sure yvou

can't get to first hase with radio® Your
answer to these gquestions should be a thump-
ing “No'™ It it isn’t, someone’s hidding you.

Pin not gnessing about it. As a shop in-
structor, I've met hundreds of beginners
who were so scared of an olin they'd hide
under a table whenever one erawled ont of
a cireuit. Yet within a few weeks the inost
timid of them was sporting a receiver he'd
built from scratch,

When 1 sav they made receivers, | mean
the sume 5 tube AC-DC superhet vou see
here, Buat isin't it wiser, vou may ask, to start
oft with a simple one-tnber? 1 don’t think so.
It’s no harder to hook up five tubes thun two

vou just work w hit longer. And when

vou've finished, vou'll have a sweet little

o Fa .

Bottom of the completed set. Follow t
the pictorial diagram in laying ont the parts.

36

his and

set with plenty of power and sensitivity.
LE’s even got automatic volume control, some-
thing vou wor't alwayvs find on small sets.

The superhet cireuit is a highly ellicient
one used in scores ol commercial desians.
Tt has a few more parts than some others,
but thev're standard and casily obtained. If
voure remote from radio shops, the mail-
order radio houses have all voull need.
Your parts cost may he as litle as $12, and
vour time investient will probably run from
tour {o seven evenings.

What this radio--and any other—has to do
is to seleet the sigmal of a station vou want
to listen to, separate the andio modnlation

clectrie vibrations at sonnd  frequencies)
from the high trequencies that have carried
them throngh space, and then fatten them

L

Soldering ean he simplified by making all
convenient connections before mounting parts.



up to loudspeaker volume. A superhet has
a baby transmitter of its own, consisting of
an oscillator coil and a mixer tube, which
generates a radio signal that’s used to con-
vert any broadeast signal to a standard fre-
quency of 436 ke. This is lower than the
broadcast range but not vet in the andible
range. It’s intermediate, so the transform-
ers and amplifiers that boost it are called in-
terinediate-frequency (1F) transformers and
stages. What skimns off the low audio fre-
quencies is the detector (part of the 125Q7
tube in the diagrams), and they are then
beefed up by a husky beam-power tube,
the 50L6,

Sure, the schematic circuit at the top of
page 39 looks complicated. But you've only
got to follow oue line at a time! Here each
part is shown by a svimbol—fixed condensers
by two thick parallel lines, trimmer con-
densers bv one line and a thick curved ar-
row, amkl variable tuning condensers by a
straight arrow through a straight and curved
line. The letter C refers to condeusers that
are numbered with the parts list; and R iden-
tifies resistors, which are zigzags in the cir-
cuit, The springlike svmbols are coils or
(when paired) transformers.

Those heavy ovals are tube symbols; in-
side, from the bottom up, are the cathode,
one or more grids (thick dotted lines), and
the plate. But all vou reallv need to remein-
ber is to make the connections to the proper
pins on the sockets. Looking at the bottom
of the socket, these are always numbered
clockwise from the little notch or key in the
center hole. Connections to the heaters,
which make the tubes glow, are separate

from other wiring, so thev're shown at the

bottom of the diagram with just the pin
numbers for cach of the tubes,
Schematies are drawn in a kind of elece-

Top of the chassis with sockets and coil cans
mounted as called for by the template, right.

tronic shorthand that you'll pick up fast.
Mcanwhile, a pictorial diagram of the same
set may prove a help, since it suggests what
the parts look like and where to put them.
It’s at the bottom of page 39,

In buving parts, be cautious about ac-
cepting substitutions, even if a salesman tells
vou that the exact value of a part isn’t im-
portant. Don’t use paper condensers where
mica ones are specified, or resistors of lower
wattage rating than called tor. Be sure vou
buv an oscillator coil with four leads. The
IF transformers should have trimmer con-
densers attached inside the can. I recom-
mend usine Bakelite octal sockets having
metal frame with ground connections next
to prongs 1 and 3, rather than the cheaper
wafer sockets.

The tuning condenser is a two-gang cut-
plate tvpe; that is, it has one 27-plate sec-
tion and one 19-plate section, 1t should
also have built-in trimmer condensers—tiny
screw-adjusted ones used in aliguing later.

Either a permanent-magnet or a dynamice
speaker can be used. The latter has an elec-
tromagnet, the field coil of which will serve
as the filter choke (L3), while with a PM
speaker vou'll need a separate choke. Some
builders use a 1,000-ohm 3-watt resistor in
place of the choke, since it costs less and
takes less space, but a choke cuts hum and
gives better tone.

While we're on the subject of choices,
there’s unother that you may want to con-
sider in building the set, The lower left purt
of the schematic diagram shows an alter-
native to the 33Z3 rectifier tube. Selenimm
rectifiers are waining popularity as rectifier-
tube replacements beeause they give trouble-
free service, don’t have to warm up as tubes
do, and need no heater supply. Since the
heaters in this set are connected in series,
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Arrow po-inls to the plall; (blue) léad of the
oscillator coil, soldered to pin 6 of the 12AS8.

vou’ll have to insert the additional resistors
R11 and R12 if you omit the rectifier tube.

And now let’s get down to building. For
a neat chassis arrangement, draw a full-size
chassis template, paste it on a flat piece of
aluminum, and punch and drill all holes. A
No. 28 drill is right to clear the 6-32 screws
used to mount all parts. Take pains in mak-
ing the holes far the tube sockets, since the
big central hole and the two mounting ones
must be in line. While the 1%” socket holes
can be cut on the drill press with a hole
cutter, a chassis punch is much casier. Bend
in the sides and letter on the tube numbers
for cach socket. Many radio supply houses
sell prepunched chassis that’ll do nicely.

Don’t mount the tuning condenser and
speaker right away, since they’re both fairly
delicate and might be damaged during
work. Inasmuch as youre using a 12A8
tube in which the signal-grid comes out to a
cap at the top, use an antenna coil that has a
hole in the top of the shield can for this grid
lead. When installing the IF transtormers,
orient them so that the plate and grid leads
are as short as possible. Follow the color
coding; the blue one goes to plate, red to
B plus, green to grid, and black to the AVC
line.

Note the four holes to be drilled through
the chassis under each IF can; they allow
the leads to be brought out singly for maxi-
mum separation. Grid and plate leads of IF
transformers must be cut as short as possible,
and kept away from each other and close to
the chassis. If they must cross, see to it that
theyv cross at right angles.

Construction will go most smoothly if vou
complete all chassis drilling and punching
first, and have all parts at hand before you
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|

Cut-plate, two-gani tuning condenser, showing
basic elements. Make sure yours has trimmers.

begin. Many parts can be wired Dbefore
thev’re mounted on the chassis. For ex-
ample, mica condenser C7 is shunted across
the outside terminals of the volume control
(R5) before the latter is mounted. One end
of CG is similarly attached. Making con-
nections out where you have plenty of room
renders assembly easier. Make all leads as
short as possible, and don’t be afraid to
crowd parts together.

It’s also a good plan to wire cach separate
part of the circuit with different colored
wire. Circuits are commonly coded like the
IF leads—blue for plate, and so on, plus
vellow for the filament and brown for
cathode circuits. Pushback wire, the kind
most convenient to use, comes in these
colors. The logical wiring sequence is: heat-
ers, cathodes, screen grids, control grids and
diode plates (pins 4 and 5 of the 12SQ7),
AVC leads, and the B-plus circuits.

Note the location of the dual clectrolytic
condenser C11 and CI2 in the pictorial dia-
gram—as far as possible from the 35Z35 and
the S0L6 tubes. These are the ones that
generate most heat, and heat is bad for clec-
trolytics. These condensers must be con-
nected with the correct polarity; they’re
ruined by reversed polarity. Run the black
lead to ground and the red one to the plus
side. If the leads aren’t colored, the ground
lead comes from the end with a heavy black
line. The value of this dual electrolytic isn’t
critical; anyvthing from a 16-16 mfd. to a
40-40 mfd. one will do. With paper con-
densers, the lead attached to the outer foil
is the one to be grounded if either one is. In
the case of the tuning condenser, it’s the
terminals of the rotor section that go to
ground. TURN TO PAGE 40.
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All resistors lz-watt carbon unless
otherwise specified.

R1: 50.000-oh. This 1s critical,

R2. R6: 15-meg.

R3: 20.000-ohm.

R4: 3-meg.

R5: 500.000-ohm pot (with switeh).

R17. R8: 500.000-ohm,

R9: 150-ohm.

R10: 30 to 50-ohm. 10-watt wire-
wound.

R11: 22-ohm. 10-watt wire-wound.

R12: 200-ohm. 10-watt wire-wound.

R13: 50.000-ohm.

All paper condensers 400 volt unless
otherwise specified.

Cl. C7. C8: .00025-mfd. mica.

LIST OF PARTS

C2: two-gang. cut-plate variable con-
denser for broadcast band and 456

ke, IF,

C3: .0001-mfd. mica.

C4: .1 mid. paper.

C5. C13: .05-mid. paper.

C6: .002-mfid. 600-volt paper.

C9. C10: .02-mfd. paper.

Cl11. C12: 20-20-mfd.. 150 volt dual
electrolytic.

Cl14. Cl5: 40-40-mfd.. 150 volt dual
electrolytic.

L1: Shielded ant. coil with trans.
windings. Grid lead should come
out at top of shield can.

L2: Four-lead. 455-6 kc. osc. coil.

L3: 400-ochm. 15 to 30-henry. 75-ma.

choke coil. or 450-ohm field coil on
dynamic spkr.

IF 1. IF 2: Input and output shielded
intermediate-frequency transfurm-
ers for 455-6 kc.

T1: Output trans, to match 50L6.

S1: SPST switch on R5.

SR: 100-ma, selenium rectifier.

Speaker: 6° PM or dynanic.

Pilot light (6-8 volt, .15-amp.. No.
47) and bayonet socket; prepunched
chassis or 8%3” by 9” sheet alumi-
num; line cord: tubes: octal sock-
ets; nuts; bolts! misc. hardware,

Note; With 35Z5 rect.. omit RI1.
R12. Cl4. Cl5. SR: with selenium
rect.. omit R10. C11. C12.
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A volimeter check of a receiver is the most eflicient method of locating causes of trouble..

Completig the Beginner’s Set

Here are further pointers on wiring,
aligning, and checking a superhet
that anyvone can build.

By a High-School Shop Teacher

()NCE vou get to know vour wav around
radio vou'll find that there are onlv two
things you reallv need to coraplete anyv build-
ing project: a schematic diagram and a parts
list. Photographs, description, and pictorial
diagrams are “extras” like a rudio and heater
in a car. You can get where you're going
without them, but thev sometimes make the
trip more comfortable.

Since all the essential information was
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given in the first part of this article last
month, you may have completed vour five-
tube superhet. Assuming that vou have, and
that it’s working to vour complete satistac-
tion, vou need onlv file this installment for
tuture reference. Radios do break down,
and when they do it is comforting to know
the most likely places to look for trouble.

If on the other hand vou have waited to
become thoroughly familiar with the project
betore heating up vour soldering iron, vou
may be interested in more construction tips.

Most connections in a radio circuit end up
at the tube sockets, so it seems reasonuble—
for the beginner at least—to start with the
five octal sockets and make them the heart




of the wiring schedule. It may be helpful to
indicate the manner in which connections
are made to a typical socket. Let’s take the
12A8, because it is probably the most diffi-
cult of the lot.

Remember that pin numbers are counted
clockwise from the kevwav in the center
when vou are looking at the underside of
the socket. Prong 1 is a shield pin and it
can either be left alone or grounded to a
mounting screw and used as a lug for nearby
ground leads.

Pins 2 and 7 are the filament connections
These are shown separately in the schematic
diagram. Solder a picce of vellow wire to
one of these—say pin 2—but don’t make an)
connection to the other one. It vou follow
the same svstem with the remaining tubes
vou will simply connect the vellow lead from
pin 2 of the 12SK7 to pin 7 of the 12A8
after all sockets are in place.

The oscillator coil (L2) is a rather small
unit with four lugs. Solder the plate lug
(usually indicated by a blue dot) directly to
prong 6.

The eritical 50,000-ohm resistor, R, is
connected across pins 5 and 8. Trv to get a
verv small resistor that will fit neatlv be-
tween these pins and be entirely out of the
wav. Hook it in place, but don’t flow in the
solder until you have made the remaining
connections to these pins. You can usually
get u better joint when vou avoid cluttering
it up with too much solder. In the case of
prong 8 the additional conuection is only a
ground lead; pin 3 isn’t finished until vou
have brought to it one end of R2 (a 15-meg.
resistor) and of C3 (a .0001-mfd. mica con-
denser). The other end of C3 can be sol-
dered to the grid (green) lug of the oscilla-
tor coil at the same time. One end of a 20),-
000-ohm resistor (R3) goes to pin 4. Hold
off the solder on this one, too, as another
connection will be made later.

All these connections can be made befor
the 12A8 socket is attached to the chassis.
After the socket is in vou will be able to bring
the plate (blue) lead of IF1 (the input IF
transformer) to pin 3; the B-plus (red)
wire from the same transformer to pin 4; and
the lead from filunent pin 2 of the 12SK7 to
prong 7. The connection to the grid cap at
the top of the tube consists of a short jumper
from the RF section ot the variable con
denser, C2.

For all of the tubes except the 33Z3 recti-
fier, the filument councctions mav be re-
versed without causing anyv hain, But on

Tubes are fragile, so instal' them only after
all the wiring 15 completed. The juraper lead
from the RE section of C2 must he chpped to
the grid cap of the 12A8 mixer tube.

i

An alignment tool should be used for
trimmers. Being nonmectallic

ol nsting
it can’t short B-
plus to ground. 1t also keeps hand capicitancee
tron: changing any ot the cireuit constants.
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the 3575 it makes a great deal of difference.
If the line lead is brought to pin 7 instead of
pin 2, the No. 47 pilot light will burn out.
There will also be a voltage drop of about
35 volts due to the resistance of the filament.
This will be reflected in decreased B-plus
and plate voltages in other parts of the cir-
cuit. Make absolutely certain, therefore, that
the live line lead comes to prong 2 of the
rectifier.

With pin 8 of the 125Q7 and one leg of
the switch grounded, the filument circuit is
complete. A break anywhere in this line will
kill the operation of the set completely.
That’s the reason servicemen always suspect
a tube-filament burnout first whenever an
AC-DC set fails to light up.

Using the chassis as the power-line ground
connection has some desirable shielding ef-
feet, but it is important to uote that it also
produces a “hot” chassis. Necer let the
chassis come in contact with a radiator,
water pipe, or any other metal that leads to
an curth ground, and don’t touch it vourself
when the line plug is connected. Felt or
rubber-covered bumpenr teet in the bottom of
the cabinet, and plastic or similar insulating
knobs on the volume-control and tuning-
condenser shalts we desirable. The .00025-
mfd. mica condenser, Cl, is inserted in the
circuit principally to guard against acci-
dental shorts through the antenna. A built-
in loop could be nsed instead of the an-
tenna coil, L1. In this case, simply omit C|
and L1 and wire in the loop in place of the
autenna-coil  secondary—ie., between the
points marked “C-" and "Grid.” All grounds
shown in the diagram are to the chassis it-
self. Never use an external ground.

For systematic service checking—and even
for effective building—one of the most useful
instruments vou can have is a multitester or
AC-DC volt-ohm-milliammeter. This will
measure the ohmic value of most of the resis-
tors and coils (depending on the meter's
runge) and will enable vou to check voltages
at any point in the set.

It vou have the use of a meter, it is a good
idea to take as many readings as possible
on the individual parts before vou actually
wire them into the circuit. This can [fre-
quently give von a clue to trouble in a com-
pleted set.

In taking voltage readings it is considered
good practice to clip the negative voltmeter
terminal to the chassis or ground, then touch
the positive lead to the various tube pins.
Voltages exist at many other points, but

42

Clip the negative prod of a voltmeter to the
chassis; touch cach tube pin with the other.

what vou can’t read divectly by this methad
vou can usually get by subtraction. For ex-
ample, if vou subtract the voltage at pin 3 of
the 12A8 from that at pin 4, vou lhave the
voltage drop across the primary of IF1,

As an aid to ready checking, a table of
voltage readings is given on page 43. These
were taken with a [L,000-ohm-per-volt meter.
An instrument of greater or lesser scusitivity
will give different readings in many cases
because of the “loading”™ effect of a4 meter on
a cireuit, Createst aceuracy is obtained with
a vacuum-tube voltmeter because of its high
internal resistance. 1 yvou have oue of these
instruments vou will probably be able to ob-
serve o slight negative voltage at the points
marked in the table 0.% On the low-resistance
meters used i these tests, no needle deflec-
tion was noted. Values shown in color on
the table represent filameut voltages; when
the sct is used on AC, these will have to be
read on the AC meter scule. Above the table
is a reprint of the schematie diagram with
each voltage related to its proper pin.

Your readings may vary slightly, and if
they do, don’t worry about it. Remember
that voltage checks are used primarily as
guides to tronble when trouble appears. To
scramble a metaphor, the proof of the pud-
ding is iun the listening. If the set sounds
good, you can forget about almost every-
thing else. 1f it doesn’t, or if it fails to oper-
ate entivelv, an incorrect voltage may give
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Taking a reading from each of these points to
ground will show whether voltages are present

vou the chie you need to find the trouble.

The big bugaboo in superhets—and the
thing that has made many experts feel that
the circuit is too complicated for the begin-
ner—is alignment. This consists of integrat-
ing the various circuits so that they are in
harmony with each other. Fortunately it is
rarelv necessary to do the job entirely on
vour own. Manufacturers generally align
their IF transformers pretty well at the fac-
tory. You onlv have to make small adjust-
ments. Whatever vou do, don’t tamper with
the trimmers on these transformers until the
set is finished.

Automatic  volume control-AVC—uses
part of the rectified signal present at the de-
tector to vary the grid bias on the 12SK7
and 12A8. When a strong signal comes
through, the amount of voltage available for
biasing goes up and this automatically de-
creases the amplification of the tube. On a
weak signal the reverse occurs, Now, for
aligning vou want to know when you are
getting a station at maximum strength, and
this automatic compensation  for weak
signals would only throw vou off. The first
step, then, is to ground the AVC by running
a jumper from the black lead of the input IF
transtormer to ground.

Set the manual volume control (R3) at
maximum, and tune in the strongest local
station. Working back from the output end,
and using a fiber wand or other insulated

—1] =
o Bl o120 s R o7 e Rao 21 |
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at the pluaces where they should be and whether
they are large enough to do their job properly.

PRONG
1|1 2|3|4|5|6|7|8

TUBE

12A8| 0|30 15| 17| -1, 10 21| O

12SK7| O] 21| O| O0°| O] 90 10| 88

12sQ7| o 0'| oOf 0*| O°| 10| 10| O

50L6| NC| 78 | 85| 90/ O°| NC! 30| 6

35Z5 NC{112 |iC5 | NC| 110 NC| 80 105

For a negative reading, polarity of the volt-
meter terminals must be reversed. A vacuum-
tube voltmeter should read slightly negative at
the points marked with an asterisk (°).

screwdriver, adjust the trimmers for maxi-
mum output in the following order: the sec-
ondary of IF2, then the primary; the second-
arv of [F1, and again the primary, Now tune
in a station somewhere around 1400 ke—the
variable-condenser plates are alinost fully
open at this point—and adjust the oscil-
lator section of the tuning condenser, and,
last, the RF section of C2. Bear in mind that
it is seldom necessary to make much of an
adjustment in the IF trimmers. Don’t touch
them at all until you have tuned in a station.

Should the signal become quite loud dux-
ing the adjustment, it is advisable to get a
weaker station. When vou have the high end
of the band lined up, tune in a station at
the other end and make whatever slight ad-
justments may still be necessary.
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HOW TO STOP APPLIANCE STATIC

sServicing Your Radio

EW people realize how much of the static
heard on a radio receiver may come from
electric appliances in the home. Especially
noisy are the older types of appliances, for
much of the later equipment is provided
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with some sort of built-in filter. Simple
remedies can be effected by the amateur
serviceman. Those described helow call for
noise filters put into the appliance circuit
itself and will prove highly efficient.

VACUUM CLEANER. Two paper tubular
condensers are required. Each is rated at
400 volts, but one should have a capacity
of .1 mfd. and the other of .01 mfd. It is
important to have these values correct both
for this and other tilters. The .1-mfd. con-
denser is connected across the motor, while
the other is connected from one side of the
line cord to the metal franie of the vacuum
cleaner. Sometimes static caused by the
machine can bhe reduced still further by
reversing the plug in the wall socket.

ELECTRIC RAZOR. This is a noisy trouble-
maker that will interfere with reception out
of all proportion to the size of its tiny motor.
It is, however, the simplest of the appliances
to tilter. Connect a 400-volt, .01-mfd. paper
tubular condenser across the cord at a point
near the A.C. motor plug, soldering one
lead of the condenser to one wire and the
other lead to the other wire, as shown in
the drawing at the left. Both the condenser
and the exposed wire can he covered with
rubber tape. So secured, the filter will not
be in the way during use.

WASHING MACHINE. Two 1-mfd. con-
densers, one .01-mfd. condenser, and two
10-amp. fuses will tilter a washing-machine
or home workshop motor. Connect the fuses
with the two 1-mfd. condensers across the
input of the motor as in the diagram. Then
connect one lead of the small condenser to a
wire put in the circuit between the 1-mfd.
condensers and ground the other lead to the
metal frame of the machine. The fuses
guard against a short circuit. This whole
setup can bhe mounted in a wooden box near
the motor.

NEON SIGN. Store owners and apartment
dwellers in buildings having stores on the
street floor are often troubled with static
caused by neon signs. The owner of the sign
can keep most of this static from entering
the electric lines by inserting two paper
condensers in the A.C. transformer circuit
as shown in the diagram. A 1-mfd. con-
denser is connected across the transformer,
and a .01-mfd. condenser is connected he-
tween one side of the primary and the metal
casing of the transformer, which is con-
nected to ground.



Relaxation Oscillator Makes
Portable Code Practice Set

LEARNING the dot-and-dash alphabet is
only a preliminary step in code mastery. for
the knack of fast operation really depends
upon getting acquainted with the sound of
the incoming signal. This compact practice
oscillator has the advantage ot heing adjust-
able through a variety of sound frequencies
and tones. The capacity of the condenser
connected in series with the headphones de-
termines the fundamental frequency of the
oscillator; it a higher pitch is wanted, it
may be necessary to use a smaller con-
denser. Some tone control can also he ob-
tained hy adjusting the potentiometer. Muny
types of small neon tubes will work satis-
tactorily in this circuit. A miniature 90-volt
B battery can be used satelv as the current
drain is slight.—— WaALTER F. POWELL, Jr.
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Home Test Gives Quick Check on

BURNED-01'T  tube filaments
account for a great percentage
of radio failures and are worth
looking for when a radio goes
dead. When filaiments are con-
nected in parvallel, allow the set
to cool, turn it on. and touch
all the tubes. If von find one

A.C.LINE

AC.
YoLTMETER

that stavs cool. you're hot.

In an A.C.-D.C., series-wired
radio, none of the tubes will light, but an
A.C. voltmeter will point out the guilty one
when held across each pair of heater termi-
nals. The meter completes the circuit and

gives a reading of about 110 volts. It the
tilament should close during the test. the
voltage will drop to its normal value for the
tube.—G. BOLTON.

High-Temperature Solder Found to Shorten Life of Fine Wire

MoLTEN solders have been found to re-
duce the diameter of copp>r wire and cause
some embrittlement ot the parts suhjected
to high temperatures. In tests conducted by
engineers of the Fairchild Camoera & Instru-

ment Corp.. of New York, it was shown
that destructiveness was greatest in fine
wires and increased with the tin content of
the solder. For delicate work, therefore,
solders of low meling point should be used.
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The history of the microphone is

closely linked to the story of broad-
casting. A series of fascinating ex-
periments will show you how radio

developed its high-fidelity ears.

By TRACY DIERS

N JUNE 19, 1878, a routine pertorm-
ance of Donizetti’s opera ““Don Pas-
quale’” was given in the Swiss town

of Bellinzona. Neither the date nor the
event would be remembered had it not been
for a telegraphic engineer named Patocchi.

Patocchi installed a newly invented
Hughes microphone on the stage and sev-
eral Bell telephone receivers in another part
of the building. Thus “Don Pasquale” be-
came the first broadcast opera and Patocchi
the first studio engineer. There was no
sponsor.

Since then science has devoted much ef-
fort toward developing a microphone that
would reproduce all it heard. You can get
an idea of the difficulties if you build and
study some experimental “mikes.”

Every microphone performs one basic job
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Weet Tr.

—the conversion of sound energy into elec-
trical energy. David Edward Hughes stum-
bled on his microphone while experimenting
with imperfect electrical contacts. You can
duplicate his experiment by hooking up
three large iron nails as shown in Figs. 1
and 2. Two are tacked down tight on a 14"
by 3" by 5” block of wood and hooked in
circuit. The third merely lies across the
other two. Small strips of sponge rubber
insulate the mike from the table.

When there is no sound to strike in waves,
a smooth flow of current circulates; but

sound waves shake the loose nail, and this
varies the resistance of the contacts, inter-
rupting the current flow and causing sound
in the headphones.

Low-resistance headphones are best. A
long line may be used. By listening to a

SPONGE -
RURRBRER
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metronome, vou can adjust
the cross nail until it is in
a sensitive spot and repro-

duces speech understand-
ably.
Many unstable-contact

microphones were devel-
oped. One with a loose car-
bon rod (FKig. 3) was used
for the ‘‘Don Pasquale’™
broadcast. It would be use-
less in radio. One blast
from a symphony orchestra.
and you had to readjust it
to a sensitive position.

A microphone employing a button con-
taining carbon granules was invented hy
Edison in 1876. You can make one with a
1.7 by 5" hy 5" wood bloek having a hole
over which vou cement a diaphragm tfrom a
headphone or a 3” iron diaphragm no thick-
er than .006”. Have the hole 1% ” in diam-
eter for a 2!4” headphone diaphragm or
21.” for the 3" diaphragm.

Solder No. 30 wire to the diaphragm and
solder wire to the top of a metal serew cap
from a solvent can or ketchup bottle. Halr
till the cap, or “bhutton.” with microphone-
carbon granules or crushed battery carbon
and cement it to the diaphragm with a paper
washer under it for insulation. as in Fig. 4.
The hookup is shown in Fig. 5.

Normally current flows smoothty through
the carbon and headphone, but the pressure
of sonmnd waves on the diaphragm presses
and releases the granules, changing resist-
ance and the current flow to the headphone
and thus producing sound.

There are disadvantages. as you will find
it you listen to the continuous hiss of the

granules in a quiet room. Note, too, how
they react to different letters in the alpha-
bet. Such a mike is erratic at various fre-
quencies and is hardly of high ftidelity. Held
in different positions, it varies in sensitivity,
and frequently its granules pack. But in spite
of drawhacks, the carbon mike has reached
a good stage of development in telephones,
walkie-talkies. and tank and plane radios.
The double-button carbon mike, having
buttons on opposite sides of the diaphragm,
saw us through the early days ot broadcast-
ing. It was connected through a center-
tapped input transformer. Finally the de-
mand for a higher-fidelity mike tough
enough to stand a little manhandling re-
sulted in the condenser microphone. And
from it radio got its first high-tidelity ears.
You can bhuild a condenser mike froin
scrap items. Cut a 21.” diameter hole in a
157 by 5 by 5" piece of wood and sand one
face smooth. Cover the hole on the sanded
tace with a 4" square of thin tin foil or
aluminum foil, as in Fig. 6, inserting a 6”
length of No. 30 wire under the foil for a
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connection. Cut a 2!%” hole in a thin sheet
of paper 5" square, lay it on the foil, and
put on top of that an absolutely flat 1, by

5” by 5" sheet of aluminunt or brass in
which two or three '4” holes have bheen
drilled near the center. Clamp the pieces,
as in Fig. 7, and the mike is ready for action
(Fig. 8). The wiring diagram is shown in
Fig. 9.

Since the output will be too low for head-
phones, connect the condenser mike directly
to an amplifier by means of the ungrounded
mike lead. The phonograph input of a radio
may be used if it has suflicient stages of
amplification, but a high-gain audio ampli-
fier is more satisfactory.

The required 180 volts for charging the
mike is obtained with least hum from sepa-
rate hatteries. If voltage must be taken
from the amplifier power supply itself, tap
the voltage divider at the 180-volt point or,
if there is no divider, tap at the filtered
high-voltage point with a resistance in series
to drop the voltage to 180. A separate small
B eliminator can also be used. The foil
diaphragm and bhackplate act as the plates
of a condenser. Pressure from sound waves
moves the diaphragm and changes the ca-
pacity of the condenser. producing across
the 1-megohm resistor a voltage that is fed
into the grid of the first amplifying stage.
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Condenser mikes were essential to radio
and talkies for vears. Their chief disad-
vantage was the need of a small amplifier
tagging along or in the same case. Then a
fact that had heen known for 100 years was
utilized to make a microphone that was
light in weight, was high in fidelity, and
could be separated from the amplifier—the
dynamic mike.

You can huild a moving-coil dynamic
microphone on a %" by 5” by 5” block of
wood having a hole 215" in diameter. Ce-
ment a very thin iron or mica diaphragm
over the hole, and then to the center of the
diaphragm cement a voice coil. Use a coil
from an old dynamic speaker or make one
with No. 36 enameled wire wound in one
layer for 3;” around the circumference of a
light paper form 1” in diameter. Bring out
the ends of the wire to the terminals on the
hoard (Fig. 10).

Use two small permanent horseshoe mag-
nets to surround the coil with a strong mag-
netic field, attaching each with a screw
passed through ',” wood shims, as in Fig.
11, so that the miagnet does not touch the
diaphragm. Opposite poles face each other
so the field flows through the coil.

An amplitier makes audible the sounds
picked up. But since the impedance (A.C.
resistance) of the voice coil is very low,



couple the mike to the amplifier through a
matching transformer, such as a push-pull
output transformer, as shown in Fig. 12.
When sound waves strike the diaphragm.
the coil moves in the magnetic field. A tiny
voltage is thus induced in the coil and flows
into the transformer. A secondary voltage
is induced in the other side of the trans-
former, and this enters the amplifier.

Modern dynamic mikes reproduce sounds
ranging from 35 to 10,000 cycles per second
and are still widely used.

Another type, a ribbon or velocity mike,
is operated by changes in the velocity of the
surrounding air instead of by pressure. In
contrast to the diaphragm. which tends to
resist sound waves, the ribbon is so light it
bobs up and down as the waves approach
and offers so little resistance that they pass
on unaltered.

To make a ribbon microphone, cut a 7/16"
by 4% " slot in a 4" by 3” by 9" piece of
plywood and screw a %" by 4!."” angle iron
at each edge of the slot. The ribbon may he
very thin aluminum foil-the thinner the
better. Cut a strip %" wide and 5%" in
length and corrugate it by pressing it
against a piece of corrugated cardboard.
Then.suspend it over the slot by a screw at
each end, as shown in Fig. 13. Place horse-
shoe magnets at the ends with polarities ar-
ranged for attraction. Connections to the
ribbon are made through the screws.

Hook a transformer between the mike andl
amplifier (Fig. 14). Any transtformer hav-
ing 2 chms or less impedance on one side
and 2.000 chms or more on the other works
well. Turn the amplifier gain up high and
test the mike. The velocity of sounds in the
vicinity starts a slight motion in the ribbon,
and since the motion is in a strong field.
voltage is generated and current flows to
the transformer.

Your ribhbon mike will work whether you
speak in front of or behind it, but if you
move a sound producer such as a music box
or bell around it, as in Fig. 15, you will
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find spots of greater and less sensitivily.
Figure 16 shows the field of sensitivity of
a typical ribbon mike.

If vou could cut off one of the loops in
Fig. 16, vou would have a directional mike

that would “select” sound from a given
area. This is done with a cardioid mike
(named for the shape of the field, as shown
in Fig. 17) which usually combines in one
housing a ribbon mike and a dvnamic mike,
the latter "phased” to cancel one loop.
Opera is broadcast by such a cardioid mike
with the live side facing the performers.

A very new addition is the erystal nike.
depending for its operation on what is
known as the piezoelectric effect. When a
crystal held hetween metal plates vibrates
under slight pressure, a measurable voltage
is produced in it. You can make the ac-
tive element, a crystal sound cell.

Make a supersaturated solution by dis-
solving 6 oz. Rochelle salt in 4 0z, water
at about 200 deg. F. As the solution cools
slowly, erystals about !',” long form. When
ore resembles that in Fig. 18. remove it and
let it dry. This is your seed crystal.

Bring 16 oz. water to the boiling point,
dissolve in it as much Rochelle salt as can
be held in solution, and let it cool slowly,
being sure to keep out dust. Then hang the
seed crystal in the solution on a thread.
Growth takes place in a few hours. Remove
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ROCHELLE-SALT
SEED CRYSTAL
(ABOUT Y%, LONG)

the crystal when it measures about 1” in
any direction, and put it in alcohol for 24
hours. If your first attempt doesn't turn
out well, try again.

Make a sound cell by wrapping a ',”
strip of tin foil around a perimeter of the
crystal and clamping any two opposite
surfaces hetween two metal plates, as in
Fig. 19; then hook the cell to the amplitier
as shown in Fig. 20. Move the crystal to a
different position in the holder if it doesn't
show good sensitivity at first.

There are two tvpes of crystal mikes.
In one, two small plates of Rochelle salt
are cemented together to make a “bimorph’
unit of extreme tidelity that will respond to
trom 30 to 20,000 cycles a second. The pres-
sure of sound waves causes the flat crystal
plates to generate voltage. A more popu-
lar, cheaper type has a diaphragm con-
nected to a light driving rod that transmits
the pressures to the himorph unit.

“Don Pasquale™ is still very much alive.
but the methods of broadcasting it have
changed greatly. Instead of simple rods
delicately adjusted, we now have slick
chromium-plated cardioid mikes with direc-
tional selectivityv and high fidelity. Such
innovations as frequency modulation have
put Mr. Mike on the spot. hut moving coils,
vibrating ribbons. and sensitive crystals
have met the challenge.

PLATES

| ROCHELLE-SALT CRYSTAL

CLAMPING

TO AMPLIFIER { ‘




Wiring Puzzlers (o Test
Your Electrical 1.Q.

TO MAKE a photographic dryer, Smith
used a 6C0-watt replacement coil sold for
use in toasters and stretched it over a
series' of hooks inside an asbhestos-lined
box. 'But he found the wire heated to
rednéss, scorched the prints, and threat-

ened to burn the box itself. To halve the.

amount ef ‘heat, should he cut the resist-
ance wire in half, add a second element
in series, or:connect another in parallel?

162 oHMS
REQUIRED

f

THESE RESISTORS AVAILABLE

A RADI® engineer, needing a 16'%2-ohm
resistance across an amplifier transform-
er for testing purposes, found he had
nothing but four 10-ohm resistors in his
parts drawer, which therefore had to
serve. How did he connect them?
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WISIHING to save wire, Jones hooked up
two bells this way. Button a was to ring
bell ‘4, and button b bell B. Although
pushing both. buttons at once would
cause a shert circuit, Jones thought this
would be of too short duration to harm
the - transformer, and he expected no
tfouble. He had trouble anyway. Why?

k SERIES & __@

PARALLEL

NOT having a.double-pole, double-throw
switch on hand, a photographer con-
nected a S.P.S.T. switch « and a S.P.D.T.
switch b as &bove. to throw two flood
lamps from series to para:lel or vice
versa. As all worked well in the positions
shown, he considered himself lucky. Why
was he even luckier than he thought?
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Filtﬂl’S coe I'tddio’s most

How ingenious combinations of
censors in your receiver to

plied, or if the wire were stretched

' ‘gé' out straight. Reactance is another

matter. It increases as frequency

! 100009 increases. In addition to the resist-

' > ance of the wire, a 30-henry choke

| \ oo‘b has a reactance of ahout 11,300

70000 Yo ohms at 60 cycles. At 600 cycles,

,\o‘} the reactance has grown to 113.000

50000 e ohms. The way in which the react-

> ance of a coil varies with frequency

j 60“‘ is expressed by the formula: X,

/ =2 ~ f L, where X!, stands for

3,0009 \'o | inductive reactance, 2 =~ is the

1 9% constant 6.28, f equals frequency

2.0009 oo 4’42? in c)'qles per secpnd. an.d L repre-
s sents inductance in henries.

KN A good capacitor, on the other

| \'o, Q hand, has intinite resistance to di-

7N rect current, but will pass alternat-

1,000 & Q ing current more or less readily,

1KC NJOKC depending on frequency. Unlike

Oy the choke coil, the reactance of a

L KN capacitor goes down as the fre-

o o s quency goes up. In mathematical

A reactance-frequency graph, of which this is a section, gives
direct values in chms for any frequency up to 1,000 kilocycles.

By GEORGE O. SMITH

ILTERS are electronic circuits that have

frequency selectivity. At the will of the
designer, they can be made to pass or block
frequencies helow, ahove. between, or around
certain specitied limits. The names of the
four major types are self-explanatory: they
are low-pass, high-pass, band-pass, and
band-elimination filters. Taken together
they make possible two important things:
the first is radio reception: the second is
«tood radio reception,

The ability of ftilters to discriminate
against certain frequencies is due to the
fact that the resistance ot capacitors and
inductors to alternating-current changes
with frequency. Alternating-current resist-
ance is called reactonce. and is symbolized
by the letter X. Like direct-current (or
pure) resistance, it is measured in ohms.

In the case of a choke coil labeled, say,
300 henries, 200 ohms, the 200 ohms stands
for the resistance of the wire that is wound
on the coil. This is a constant minimum,
regardless of frequency: it would still meas-
ure 200 ohms if a D. C. potential were ap-
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terms, X¢ = — ' Here, XcC
stands for capacitive reactance,
and C is a measure of capacity in
farads. A .0l-microfarad capacitor
would have a reactance of about 265,000
ohms at 60 cycles, but only 26.500 ohms at
600 cycles. The total opposition that induc-
tive reactance, capacitive reactance, and re-
sistance offer to the flow of an electric
current is called impedance,

Between them. capacitors and inductors
can hold any alternating current at their
mercy. Used in various combinations
series, parallel, and series-parallel- coils
and condensers serve varied functions in
radio transmission and reception. They
polish off rectified A.C. so as to provide
a smooth D. C. power supply: in the form of
tuning circuits they enable vou to select a
station at the twist of a condenser.

This article makes no attempt to deal
with all filtering actions. While filters are
integral in the basic radio circuit, they may
also be added to existing amplifiers as tone-
corrective devices. One of the simplest types
is that shown at the right. This is a form
of high-pass tilter, and it operates in pre-
cisely the same way as a voltage divider,
except that the resistance of one leg auto-
matically varies with frequency. Let us
say that the components of the circuit are



important networks

resistors and condensers can be made to act as electronic

screen ovut

a 50,000-ohm resistor, and a .01-mfd. ca-
pacitor. Then at 320 cycles, XC equals 50,-
000 ohms, and the output voltage at Lhe
tap between the two elements is one half
the input across the divider. This is just
what you'd get if both R and Xc were 50,-
000-ohm resistors. But at 640 cycles, XC
has fallen to 25.000 ohms, which gives a
voltage division of one-to-two. The output
is then two thirds of the input.

Now, if both 320 and 640-cycle signals
are put into the circuit simultaneously at
equal voltages, two thirds of the 640-cycle
signal will come through, but only half of
the 320-cycle note. Conversely, if the 320-
cycle input were, say, 12 volts, and the 640-
cycle signal were 9 volts, both signals would
come out as 6 volts A, C,

The tirst effect is useful in boosting high
frequencies, while the second helps to level
off the response of an amplifier that favors
the lows. Carrying the calculation higher
and lower than the figures given will dem-
onstrate the high-pass effeet of the filter.
The graph at the bottom of this page shows
the output response of a typical high-pass,
tone-corrective filter. At 100 cycles the out-
put may he about one fourth of the input,
while at 10,000 cycles almost the entire
voltage drop is across the resistor.

In order to design a resistor-condenser
filter to suit your own needs, you will have
to determine the reactance of any given

unwanted frequencies

or boost fading ones.

condenser within the limiting frequencies.
These values may be obtained either by cal-
culation, or through the use of a reactance-
trequency graph which can be purchased at
any drafting-supply house. The figure on
page 52 is one small segment of such a
graph, twice enlarged. To find the react-
ance of any condenser, locate the con-
denser's capacity along the right-hand edge
of the chart. (In the section reproduced,
capacities are carried around to the bottom
of the sheet.) Follow the sloping line up
until it intersects the vertical line that rep-
resents, say, the lowest frequency you are
interested in filtering. Where these two
lines cross, read straight over to the left-
hand margin where capacitive reactance is
indicated directly in ohms.

From this chart, get the reactance of the
condenser for a number of frequencies in
the passhand of your filter. Assuming a
standard load resistance, you can then fig-
ure how the voltage will divide for each
frequency, and draw a graph representing
the output of this particular filter. Percent-
age of output is obtained by dividing the
sum of reactance and resistance into the
resistance. If the resulting curve doesn't
suit your needs, try another capacity.

In constructing a filter, remember that a
large capacitor and a large resistor give
quite different results than a small capacitor
and a small resistor. For example, a .2-mfd.

If your receiver tends to cut off or distort the high notes, this tone-corrective filter may be just what
it needs. It acts like o voltoge divider in which the ratio of output to input rises with frequency.
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Signcl-attenuation curve of a typical
resistance-capacity high-pass filter,
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RPN A

Topping the output voltage off the ca-
pacitor will tend to favor the low notes.

condenser and a 2-megohm resistor show
less than 1 percent response difference be-
tween 80 and 8,000 cycles, while .001 mfd.
and 20,000 ohms will cause about 40 percent
difference in the same range.

This type of filter may he connected be-
tween the audio stages of an average ampli-
fier as shown in the hookup schematic on
page 53. While calculated values give you
a good starting point, the final test of any
filter is in its effect on the entire amplifier.
Because of distributed effects, calculated
values are at best approximate, and it may
be necessary to juggle values a little until
you get a result that is pleasing to the ear.
A voltmeter placed across the amplifier out-
put will help you to check the real effect of
a filter. Used in conjunction with an audio-
frequency generator, or a frequency-test
record, the voltmeter will show how output
voltage varies as the input frequency is
changed.

While resistor-condenser combinations
are often favored for tone correction in
audio circuits, there are times when a more
level response is desirable. Let us say, for
example, that you want to give equal em-
phasis to all notes between 10 and 1,000
cycles. The response curve shown on the
previous page would then not be satisfac-
tory. At 1,000 cycles, this filter has almost
three times the output it has at 100 cycles,
whereas the graph we now want should be
level between the two extremes of our pass-
band.

To obtain this effect it is necessary to re-
place the resistor with a choke coil, thus
giving your voltage divider two variable
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Used between amplifier stages, this type of filter requires an
extra condenser-resistor arrangement in the coupling circuit.

arms instead of one. When the reactance of
one arm increases, that of the other de-
creases correspondingly.

The use of inductance-capacity filters,
however, involves a number of other critical
considerations which are outside the scope
of this article. Getting back to our first
circuit, let’s see what happens when we
make a tfew changes.

Reversing the positions of the filter com-
ponents produces, reasonably enough, an
opposite effect. The illustrations above show
how this is done to produce a low-pass filter
that will attenuate the higher frequencies.
In this case the output voltage is tapped off
the variable leg of the divider. As frequency
goes up, the reactance of the capacitor de-
creases, giving a lower voltage drop for the
higher frequencies.

Using a filter of this type between ampli-
fier stages requires certain precautions that
are not needed with the high-pass unit. By
themselves, the filter components would put
part of the high plate voltage on the grid,
and the condenser would block the grid
return to ground. The schematic diagram
above shows the additional circuit eclements
that must be used when this kind of low-
pass filter is inserted between stages. In
this hookup, the filtering is done between
the plate connection and ground, and the
grid is coupled to the filter terminal through
a condenser-resistor arrangement. This,
however, constitutes another high-pass fil-
ter; if the components of both sets were
alike, they would merely nullify each other.

To offset this possibility, the coupling
components are made large, thus reducing
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their frequency selectivity, and allowing the
desired filter to do most of the frequency
selection. The coupling condenser for this
circuit should be about .1 mfd., and the grid
resistor about 2 megohms.

Among the “built-in” detects of many
existing amplitiers is an auditory effect
known as “loss of bass.” Most often this is
noted when the volume control is turned to
a low position. A tone-corrective filter that
often succeeds in eliminating this fault con-
sists of a tapped volume control with a con-
denser connected between the tap and
ground. When the volume control is turned
down near the tap or below, the condenser
causes it to act as a type of low-pass filter.
As volume decreases, the low notes are in-
creasingly favored, thus compensating for
the loss of bass.

To prevent overemphasis of the bass, a
limiting resistor should be used in series
with the condenser from tap to ground, as
shown at the left, helow. At high frequen-
cies the capacitive reactance may drop to
just a few ohms, yet the series resistor main-
tains the total shunting effect ahove the
level of its own resistance. At low frequen-
cies, the higher capacitive reactance adds
its ohmage to that of the resistor, raising
the shunting effect.

In order to reverse this effect, the limit-
resistor should be connected in parallel with
the condenser, as shown at the lower right.
Below the so-called “cross-over frequency”
—that frequency where the capacitive reac-
tance equals the pure resistance—the in-
coming signal sees mainly the pure resist-
ance shunting the line. Above this frequen-
cy, the line is shunted by the resistor and
the lowered reactance in parallel.

Connected in series, the impedance of this
filter tends to level off to the limiting re-
sistance ahove the cross-over frequency,
while in the parallel hookup the total im-
pedance is level for frequencies helow the
cross-over level, and the impedance drops
as the frequency rises above the critical
value.

As hefore, the tinal test of these filters is
in the listening. Using a .01-mfd. condenser
and a 30,000-ohm resistor as a starter, this
tone compensator can be adjusted to suit
your taste. Set the volume-control arm to
the point that gives the lowest ohmmeter
reading hetween tap and arm, and leave it
at that value while making changes.

Some increase in high-frequency response
can be obtained with this filter by connecting
a small condenser—say 50 mmf. to 250 mmf.

between the top of the control and the
tap. The over-all response will then he low
in the middle-frequency ranges, and have
broad peaks at both the low and the high
ends. This type of response curve is gen-
erally considered to be the most pleasing.

The thing to remember about resistance-
capacity filters is that the use of a frequency-
selective element (the capacitor), in con-
junction with a nonselective element will
produce all manner of curves in the audio
response of an amplifier. Whether high or
low frequencies will he passed or bhlocked
depends upon the position of the eomponents,
while the range of any tilter is governed
by the size of the parts. Doubling or adding
filter after filter will steepen the response
curve. In one combination or another, fil-
ters will permit you to do just about any-
thing you want with just about any alter-
nating-current signal.

If turning the volume control low produces o
"loss of bass" in your receiver, inserting a con-
denser between volume-control tap and ground
may give the failing low notes a boost.
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Wireless; Record Player
BROADCASTS THROUGH YOUR RADIO
it By ':A_.l.bert W. Hellenthal

AVE you baaished

your old hand-
wound phonograph to
the attic because radio
has spoiled your ear for
its tinny sound ? "I, so,
here’s your chanae’

antique, and for g4
dollars give it a tq
good as that of
radio. Exactly the sam
tone, in fact, for it will play records throug
your radio, From hasement to attic,
radio in the house can be tuned to piciiu
records played on the unit, so the ent
family can enjoy favorite selections eve
though not gathered in one room.

The heart of the record player, a one-tube
oscillator small enough to fit into the palm
of your hand, is actually a tiny broadcasting
station. It emits a radio-frequency carrier
wave on which are impressed the audio fre-
quencies comprising the recording.

Assuming that you have none of
the necessary parts in your scrap
box, total cost for the oscillator
should bhe about $5. Add to this
the cost of a crystal pickup—say
another $5-—and you're all set. If
you want to save yourself the
bother of cranking up an old spring-
wound clockwork drive, a phono
motor and furntable can be picked
up for orly a few dollars more.
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tions.
Jor both will change the oscillator frequency.

Compactness and simplicity of design are
obtained chiefly through the use of a single
multipurpose tube designed for use on 115-
volt house current. A 117N7 tube is shown
in the diagram, but a 117L7, 117M7, or 117P7
can be used equally well with a few minor
changes in the socket connections. The
diode section of the tube rectifies A.C. into
a D.C. power supply which is filtered through
R5, R6, C7, and C8. As with any A.C.-D.C.
circuit, direct current goes through the
rectifier relatively unchanged.

Radio-frequency (R.F.) currents are set
up in the tank circuit, which consists of a
small trimmer condenser (C2), and one
winding of an adjustable iron-core oscillator

sor antenna coil (L). Some experimenting

ay be necessary to tind the correct connec-
Varying either the core or trimmer

Transferred to the secondary of the coil
d applied to the control grid of the ampli-
section, this R.F. constitutes the ‘“‘carrier
wave” of your transmitter.
Vibration in the needle of the
pickup causes a varying pressure
to be exerted on the crystal.
Through an effect known as piezo-
electricity, these mechanical vi-
brations are converted into alter-
nating voltages that vary at audio
frequencies. When this audio
signal is applied to the screen
grid, it alters the carrier wave,
and it is the modulated wave that



reaches the plate. From here the combined
wave goes directly to the antenna and out in-
to space. In principle. pretty much the same
thing takes place in a large transmitter.

Any kind of cloth-covered wire may be
used for the antenna, but it should be kept
under 5’ in length to prevent the signal from
radiating bheyond the house. This is im-
portant, since regulations of the Federal
Communications Commission prohibit un-
licensed broadcasting beyond a very limited
range. To insure further against radio inter-
terence either for vourselt or your immediate
neighhors, tune the oscillator to a frequency
that is not used by any local station.

The oscillator will have to he tuned ex-
perimentally. Put a record on the

While an old spring motor is perfectly
satisfactory in this unit-—provided, of course,
that both the spring drive and speed regu-
lator are in good condition-—it isn't neces-
sary to use this type it you have or can get
an electric turntabhle. With the latter you
eliminate the need for hand winding. which
is a troublesome and unpopular feature of
the older phonographs. ‘To install an electric
motor, wire it into the circuit as shown by
the dotted lines in the diagram: all the other
wiring remains the same.

Any hox or cahinet will serve to house
your new record player: the tiny oscillator
requires very little space and may be
mounted in any position without affecting
its operation. Ir you put the player
in the original phonograph cabinet.

phonograph, turn up the volume
of both the record player (R4)
and the radio, and tune the radio
througi its entire range. If the
signal is not picked up, vary the
trimmer condenser or thcdron core
of the coil until it is. Now select
an unused frequency and keep ad-
justing the oscillator until the
record comes through with maxi-
mum strength just at that point
on the dial of your radio.

it will be necessary to remove the
acoustical pickup. This will leave
a large hole which may be covered
with a piece of composition board
or plywood that becomes a mount-
ing place for the new pickup arm.

On D.C., the unit may not work
as it is tirst plugged in. Take out
the power-line plug and reverse it.
You may wish to mark it for fu-
ture use.

List of Parts

R4: 250.000-ochm
potentiometer.

R5: 10.000 chms, 1 watt.

Ré: 1.000 ohms. 1 watt,

L: iron-core osc. or ant.

coll.
S1.82: S.P.S.T. switches.
Crystal pickup.
Electric or spring-driven
turntable.

C1: 110 mm{d.

C2: Trimmer condenser.

C3: 250 mmfd.

C4¢. C5: .05 mid.

C6. C8: .1 mid.

C1. C8: 20-20 mfd., 150
volts.

R1. R3: 65.000 ochms.

R2: 3.5 mesg,




PERSONAL RADIO

WITH A BEDSIDE MANNER

By Albert W. Hellenthal

INSTEAD of thinking harsh thoughts about
members of your family who frown on
your radio listening when they want to read
or sleep, try one of these compact personal
radios that make the entertainment of the
airwaves your private business.
This set can practically be built out of the

Since the wires are stored inside the cabinet, ex-
posed parts are carefully shielded and secured.

spare-parts box, for with the exception of
the resistance in series with the heaters,
none of the specified values is critical. In se-
lecting both condensers and resistors, a tol-
erance of about 20 percent is permissible.
The set can be used on A.C. or D.C.

Lay out your parts before cutting the
chassis. The one shown here measures
1%"” by 3%” by 4", but some variation may

Compactness is achieved through design rather than
through the use of small parts. Note the odd sizes.




be necessary, depending on the parts you
can obtain. One 9002 tube is used as an A.F.
amplifier; another, with its plate and grid
tied together, serves as a diode half-wave
rectifier for the power supply. The third
tube, a 9003, acts as detector and R.F. am-
plifier. Regenerative oscillation, used to get
added selectivity and gain, is controlled by
putting the volume control (R2) in the
screen-grid circuit.
With all tube heaters connected in series,
a 600-ohm voltage-dropping resistor must
be inserted in the line. Any combination of
line cords adding up to 600 ohms will serve.
One of the last steps in the wiring consists
of winding the feedback, or tickler winding.
This goes next to the grid section of a stand-
ard iron-core adjustable antenna coil. Two
to 10 turns of 30-gauge enameled or D.S.C.
wire will be needed. Turn the set on and
find the exact number of turns by experi-
menting. If no effect is noticed while mak-
ing the adjustment, try reversing the leads.
Hard composition-board sides and an
aluminum front were used for the cabinet
shown, which measures 414" by 43" by 6',".
To prevent the tubes from working loose in
their sockets, two 1';” wood posts were fas-
tened to the chassis. Small metal crossarms
have holes drilled to fit over the glass tips.
A 25 length of covered-wire antenna,
dropped out the window or fastened to a
bedspring, will bring in the local stations.
As the power line goes to chassis, use no
ground and keep the set away from radiators.
Although this set is designed for personal
listening, it has enough power to drive a
small speaker. Should you want to add one
to yours, follow the inset shown in the dia-
gram below. The extra parts that are need-
ed are marked “optional.”

List of Parts

L1. L2: Standard adjustable iron-core antenna
coil.

1.3: Tickler coil.

C1: 36h-mmfd. midget tuning condenser.

C2: 00025 mfd.. mica.

C3. CG: .5 mfd.

Ci: 0005 mid.. mica.

C5: .03 mifd.

C7. C&: 20-20 mid., 150 volts, electrolytic.

CH: .05 mid., 400 volts.

R1: 2 mew.. wiatt,

R2: 15,000-ohm potentiometer.

Ri: 50.000 ohms. watt.
Ri: 45.000 ohms. & watt.
RH: 100.000 ohms. '. watt,

Rei: S00 ohms. 1 watt.

R7: S00 ohms. 2 watts.

RS, RY: 300-ohm line cords.

S 8. PRI, switch,

S2: R P.D.T. switeh (opt.).

T+ 10.000-ohm midget output transfornier (opt.).
2" Permanent-magnet speaker (opt.).

The extro space inside the cabinet will hold either
the line cord and coiled antenna, or a 2'' speaker.

Angle irons and small bolts hold
together a composition-board box.

9002 PHONES

oo 2

PHONE AND SPEAKER HOOKUP
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T. R. F.

Housed in a trim cabinet, the original receiver
had an extra input enabling it to be used with an
FM tuner. A tuning eye is located beside the dial

OMBINING automatic volume control

and a tuning eye with excellent fidelity,
this tuned-radio-frequency receiver will
give top-notch local reception when con-
nected to a good amplitier, It will not
tune with the critical sharpness of a super-
heterodyne, but is selective enough for all
ordinary purposes. For use with a high-
quality A.F. amplifier, or a high-fidelity
woofer-tweeter system, the T.R.F. circuit is
hard to heat. Whereas superheterodvne
receivers can be made to give high fidelity
only by elaborate and critical adjustments,

ANTENNA
COIL
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FIRST R.F.
~AMPLIFIER

RECEIVER HAS

this T.R.F. circuit is simple enough for the
beginner to assemble.

Aside trom the tuning eve, the circuit re-
quires only three tubes. It can he connected
to draw its power from the audio amplitier
used with it, or may he bhuilt with a separate
power pack. The hookup shown uses stand-
ard 6-volt tubes; if others are substituted.
condenser and resistance values may have
to be revised to suit.

A straightforward two-stage T.R.F. am-
plifier is followed by an infinite-impedance
detector, which gives excellent quality with-
out loading the tuned circuits. The 6SK7
tube used as the second amplifier is essen-
tially a pentode identical to the 6SK?7. plus
a detector diode. This diode is condenser-
coupled to the plate of the pentode section
to generate the A.V.C. voltage. Since the
plate coil section of an R.F. transformer is
not tuned, the diode load does not appear
on the tuned circuits.

As shown in one of the photographs, the
antenna coil, which feeds into the grid of
the 6SKT, is across the chassis from it. The
first R.F. coil, which feeds into the 6SFT
grid, is across the chassis from this tube,
but next to the 6SK7, the plate of which
feeds into it. This is sound layout practice.
The grid of the 6SKT, as shown in the draw-
ing, is connected to the stator plates of the
tuning condenser. Gang condensers have
connecting lugs on bhoth sides of the stator
frame, so the grid end of the antenna coil
is connected by a veryv short lead to the
stator lug on that side, and the 6SK7 by
another short lead to the stator lug on its
side of the chassis. The same is done with
the first R.F. coil and the
6SF7. Thus the stator plates
constitute most of the grid
leads. Because the coil as-
sociated with each plate
circuit is near the tube in-
volved. plate leads also can
be kept to minimum length.

Keep all other R.F. leads
as short as possible and well
protected from each other
to avoid excessive feed-back.
It's a good trick to use
bright-red hookup wire for
them, and to place the vari-
ous hy-pass condensers so
that they will help block
feed-back.

FIRST R.F.COIL

Parts are luid out to minimize
R.F. feed-bock. All coils are
shielded. Both plate and heater
current is drawn from the A.F.
omplifier used with this tuner



AUTOMATIC VOLUME CONTRCOL

Slight feed-back can be tolerated and is
even desirable. When plugged in, the set
should be somewhat “busy’ with no station
tuned in, since a very small feed-back tends
to greatly increase sensitivity and improve
selectivity. But do not expect critical tun-
ing: the circuit is intended for high-tidelity
reception, and must therefore pass the full
10,000-cycle band width of the transmitter
with nearly uniform response.

In selecting parts, be sure to use a
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matched set of antenna and R.F. coils.
Otherwise a slight difference hetween them
might mean, for example, that with the
antenna circuit tuned to 1,100 kc., the first
R.F. stage might be tuned to 1,050 and the
second to 1,200 kc., even though all trim-
mers were adjusted so that the three circuits
tune simultaneously to 1,500 kc.

A short indoor aerial will suffice for local
reception. With an outdoor aerial, selectivity
will be somewhat poorer.

PETECTOR
(6ds)
A Y

3-GANG

200,000 w
"
o
500,000 W
POTENTIOM=%
ETER

TO -
AMPLIFIER

- -TUNING EYE
(6US oR66GS)

A COMMON mevias of veducing voltage
at a desired point. or of limiting current
draw to a safe value, ix to ingert a resist-
ance in the circuit. This is usually con-
nected in serics with the power source
and whatever device o apparatus is to be
sa controlled.

Two conditions must he met in choos-
ing the right resistor: it must have the
correct resistance to cause the required
voltage drop. and it must have enough
current-carrying capacity to reniain rea-
=cenably cool in operation,

The resistance is caleulated by the for-
mula R E + I, where R ois in ohms,
K in volts. and I in amperes. If the cur-
rent ix in milliamperes. R will be in thou-
sandg of ohms.

EXAMPLE: A resistor is needed to
drop a 300-volt plate supply to 100 volts
ror the sereen grid of a 68A7 tube, Thus
200 volts must he dropped across the re-
sistor. A tube manual tisis the sereen-

CHOOSING RADIO RESISTORS

POPULAR SCIENCE MONTHLY SHOP DATA

[ELECTRICAL]

grid draw as 11 milliamp. Dividing 200
by 11 vields 18, which being in thousands
of ohms indicates a0 resistor of 18,000
ohms.  In praetice 20.000 oluus would be
close cnough.

The necessary current-calrying capacity
or wattage utmg is given I»y the formula
W (watts dissipated as heat) = E° + R,
Sguaring the voltage drop (200 X 200 =
40.0m1 and dividing by the resistance
(18.000) gives 2.2 watts: however, if we
use a 20.060-0hnm resistor. it necd be rated
at only 2 watts.

EXAMPLE: The screen of an R amn-
plifier tube that draws 2 milliamp. is to
he supplied with 180 volis from a 300-volt
source, The voltage drop acrosg the re-
sigtor must therefore be 120 volts, Divid-
ing 120 by 2 gives 60. which again is in
thousands of ohms. Saquaring the voltage
drop (11.000) and dividing hy resistance
160,000). we find the resistor shotld he
rated a* 24 watts,

bl



CATHODE -RAY
ELECTRONS HAVE

A FOCUSING
ANODE PULLS
EM INTO LINE

TO BE POPPED OUT IN
ONE DIRECTION ONLY

A SHOT OF HIGH

VOLTAGE PEPS
‘EM UP AND STARTS
'EM RUNNING

Gy of

5 AFTER A RIDE LP

) AND DOWN BETWEEN
THE VERTICAL PLATES,
THEY'RE READY TO
WIGGLE OUT A PATTERN
ON A SCREEN

HORIZONTAL
OE CTORS
SHOVE EM BACK
AND FORTH

MOST USEFUL AND VERSATILE OF ALL SERVICING TOOLS, THE
CATHODE-RAY TUBE TRACES THE PATHS OF ELECTRONS FOR US

night while others seem to lie in stor-

age for vears on end, waiting for a
chain of pioneers to push them upward into
the light.

Cathode-ray oscillography, and, more
particularly, the tube that is its eye and
brain, falls into this class. Although it was
invented nearly fifty years ago, at the out-
break of World War II the cathode-ray tube
was still something of a rarity. Of course,
the handful of oscilloscopes and television
receivers in use all featured the miracle
tube, but it remained for a mechanized war
to teach us that the seeing eye of elec-
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SOME inventions bhecome famous over-

tronics is the practically indispensable
gauge of electronic movement an almost
pluperfect meter that can register every-
thing that’s measurable and even some
things that aren't.

In 1897 Karl Braun, a German physicist,
channeled the discoveries and inventions
of a number of other scientists by produc-
ing an electrostatically controlled tube
inside of which electrons could be made to
trace a pattern on a fluorescent screen.

It didn't create much of a general stir
except among the pioneers in radio, tele-
vision, and electronics. How did scientists
regard Braun’s tube? The tip-off is that



in 1909 Braun shared the
Nobel physics prize with
Marconi.

Considered in only one of
its aspects— as a servicing
tool -the jobs that a cathode-
ray tube can perform are al-
most endless.

Essentially the cathode-
ray tube is a meter. Either

as a voltmeter—the more
usual test-device form- or as
a milliammeter, it uses a

practically weightless pointer
capable of being deflected
with enormous rapidity. The
“pointer”™ ecan taithfully ftol-
low voltage fluctuations at
frequencies as high as 200,-
000.000 cycles a second or re-

act to direct-current poten-
tials.
The “pointer,” of course,

is a heam of electrons: it is
made visible when the elec-
trons strike the fluorescent coating at the
end of the tube. Electrostatic focusing and
deflection of the electron beam is common
in the test-instrument type of cathode-ray
tube, while television tubes employ mag-
netic focusing and detlection bhecause a
somewhat sharper focus can be obtained.
When deflection is obtained by the magnetic
tield of a coil, however, there is an induct-
ance load which tends to limit frequency
response. Electrostatic deflectors represent
a4 more nearly pure resistance load and
can more readilv be driven to very high
frequencies. This article deals chiefly with
the latter type.

An electron-emitting cathode. surrounded
bv a metal sleeve with a small opening, is
the heart of the cathode-ray tube. The hole
serves to detine the electron heam and acts
as an intensity-controlling grid. Two ring-
shaped anodes draw out the electrons, ac-
celerating them to high velocity. Because
of the shape of the clectro-
static tields hetween the con-
trol electrode and the focusing
anode, and hetween the focus-
ing and high-voltage anodes.
the electron heam is drawn,
as if shot from a gun, to a
pin-point of light at the fluo-
rescent screen, as shown in
IFigr. 1 on page 64,

l.eaving the gun, the elec-
trons move toward the screen
at great speed. En route, how-
ever, they are pushed and
pulled by the deflecting ap-
paratus, causing the spot to
move on the screen.

Sweep

voltage

used in oscilloscopes produce
sawtooth waves that build up
to a peak and then drop to
zero almost instantaneously.

Size isn't everything in cathode-ray television tubes. The smaller one
on the right here is far more serviceable than the old-style large tube.

Just heyond the high-voltage anode the
deflectors take over. The diagram shows
the construction of a tube operated by
electrostatic deflection, Two pairs of plates,
mounted inside the tube, control the beam.
One pair is mounted in a horizontal plane
and deflects the heam vertically; the other
plates lie in a vertical plane and detlect
horizontally. If one plate of a pair is
charged positive and the other negative,
the heam will bend toward the positive plate

since the negatively charged electrons
will be attracted to it and away from the
negative plate. By putting an alternating
voltage on the plates they can be made
to change from positive to negative and
back again as often as the voltage alter-
nates. If the charge is weak, the electrons
will be moved back and forth only a short
distance: if it is strong, they will swing
across the screen from end to end. An
alternating voltage applied to the hori-
zontal-deflecting plates, then,
will sweep the beam right and
lett at a rate equivalent to the
frequency. The trace of this
beam on the screen, however,
will appesr only as a straight
horizontal line (Fig. 2) since
each side motion only covers
the trace of the preceding
electrons.

Wiien a signal is applied Lo
the vertical-deflecting plates.
exactlv the same etfect takes

generators

plac~ excent that the trace is
perpondicu’ar to thie horizontal
trac . s cvoein Fig. 3. If,
however witing voltages
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are simultaneously
of plates, so that as the spot moves across
the screen it also moves up and down, then
the electron beam will trace out a visible

applied to bhoth pairs

pattern (Fig. 4) representing the relation-
ship of the two voltages applied.

The cathode-ray tube itself is rather
insensitive, Some with screens 5” in diame-
ter operate with 1,200 to 1,500 volts bhe-
tween cathode and high-voltage anode.
When electrons are accelerated by such
high voltages, they move with enormous
speed. Fairly heavy potentials are there-
tore needed on the plates to cause adequate
deflection. For a standard 5" tubhe, ahout
400 volts swing is needed to drive the spot
completely across the screen. In checking
the performance of a radio transmitter or
the power stage of an audio amplifier, suffi-
ciently large voltages are normally avail-
able and the tube can he directlv con-
nected. But for most work deflection volt-
ages must be amplified, and amplifiers are
therefore built into test instruments such as
the oscilloscope.

An oscilloscope is a test instrument built
around a cathode-rayv tube. By means of it
you can amplify and feed a signal onto
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COMBINED
VERTICALLY HORIZONTAL- VERTICAL
DEFLECTED BEAM DEFLECTION

the horizontal or vertical deflectors.
Usually the test signal is applied only to
the vertical-deflecting plates of an oscillo-

either

scope, while horizontal movement is ob-
tained by means of a sweep-frequency gen-
erator, which usually operates in direct
proportion to elapsed time. At the bottom of
page 63 is a picture of a sweep voltage
as recorded by the cathode-ray tube: it is
obtained hy nieans of an accumulation of a
charge on the plates of a condenser con-
nected across a control tube. This charge
builds up at a uniform rate, reaches a peak,
and discharges almost instantaneously. The
“almost™ is important because the very
slight time required for the spot to return
to its starting point introduces some distor-
tion. For most practical uses, however, the
fly-back time can be discounted.

Three hasic factors account for the im-
mense utility and adaptability of the cath-
ode-ray tube as a test instrument: first, it is
a double vacuum-tube voltmeter which
gives a direct, visual indication of instun-
taneons voltage. Second, being double, it
can indicate the instantaneous value of one
voltage while simultancously indicating the
instantanenus value of a second, separate



voltage. Third, comparatively simple elec-
tronic circuits can be devised to measure
any given quantity, quality, or property in
terms of voltage.

This last factor may not look impressive,
but its importance is almost beyond esti-
mate. A photoelectric cell readily converts
light intensity into voltage: a microphone
converts sound-wave pressure into voltage;
a Rochelle salt or quartz crystal converts
mechanical pressure into voltage: a me-
chanical setup of a rocking prism, a small
motor, and a motor-driven variable resistor
can produce a voltage proportional to the
color of light allowed to fall on a surface:
two small coils and a bar of metal will
produce a voltage characteristic of the
magnetic properties of the bar of metal,
and those magnetic properties are de-
pendent upon the alloy content of the metal,
its past history of heat treatment, me-
chanical treatment, and temperature. The
list could be continued indefinitely—in fact,
there is no known quantity that cannot be
measured in terms of voltage. Humidity,
X-rays, oxygen, hydrogen, nitrogen, or the
gas content of any sample can he measured
electrically. Even the intensity of human
emotions can be measured in terms of
voltages!

But the cathode-ray tube paints a visible
picture of how one voltage varies with re-
spect to another. If the sweep voltage—the
one causing the horizontal deflections—is
generated by a relaxation oscillator, the
spot will move from left to right at a steady
rate. The horizontal axis, then, will repre-
sent time. If an audio-frequency signal is
applied so as to cause vertical deflection,
the resultant trace on the screen will be a
graph of instantaneous voltage vs. time.
This very capacity to compare any two
things expressed in terms of volts makes
the cathode-ray tube the most universally
applicable, the most adaptable, of all servic-
ing tools. Since it is inherently a vacuum-
tube voltmeter, it is ideal as an output
meter. But since it can both measure the

amplitude of a wave and determine the
shape of that wave, unlike ordinary output
meters, it can also act as a distortion meter.

By using the cathode-ray tube in con-
junction with a frequency-modulated signal

generator, set alignment of an accuracy
otherwise impossible becomes simple. The
horizontal sweep (time) is tied to the

frequency modulator in such a way that
the horizontal displacement of the spot
represents trequency. The vertical sweep is
supplied by the output of the audio system
of the set under test. If yvou were aligning
the 456-kc. intermediate frequency. the
frequency-modulated signal generator would
be set to generate 456 kc. plus and minus
about 15 ke.

In a properly aligned set, maximum audio-
frequency output would appear as the signal
passes through 456 kec. In any case. the re-
sultant pattern on the screen is an accurate-
ly plotted response curve. Where aligniment
is incorrect, there may be two, three, or
more minor humps. As the trimmers are
adjusted, these minor humps are seen to
slide along, coalesce, and finally build the
properly peaked curve of exact alignment.

An output meter and ordinary signal
generator can do fairly well on this job with
an ordinary set, but when double-peaked
intermediate frequencies are used in broad-
hand, high-fidelity superheterodynes, the
output meter won't do the joh. An oscillo-
scope and F.M. generator are the only team
that can properly align an F.M. set.

For tracking down and curing distortion
in an audio amplifier, the cathode-ray
oscilloscope is the instrument of final au-
thority. With it you can see the distortion.
It draws its own portrait, and by its type
and form tells you where to look and what
type of correction to make.

There is a simplified, small, green-glowing
type of cathode-ray tube familiar to most
people as the "'magic eye.” But it's the
cathode-ray oscilloscope tuhe that is the
real magic eye. It sees all, knows all, and
tells all!

Here's the life story of an electric wave as told by a cothode-ray oscilloscope. Left, the harmonic-rich,
highly distorted output of a 50-kc. multivibrator; when filtered, the signal becomes an almost pure sine
wave. The greater number of peaks means a slower sweep voltage. When the sweep is lowered still further,
we see a filtered but unmodulated R.F. carrier. Lost, o 400-cycle signal is impressed on the carrier.




Medern electronic servicing requires o
te:! meter thot knows all the answers.
This orticle tells you how to moke one.

Building a Cathode-Ray Oscilloscope

THE ONE-INSTRUMENT LAB FOR RADIO SERVICING

TOT long ago, radio servicemen could

| troubleshoot almost any ailment just
by listening to the symptoms. Circuits were

by present standards relatively simple,
and in nine cases out of ten a little sound
judgment would quickly suggest the cause
of the trouble.

Those days aren’t dead yet, but thev're
dying fast, for two closely connected rea-
sons. The first is that radio engineering has
advanced into regions hardly dreamed of a
decade ago. Intinitely more complicated cir-
cuits offer so many potential trouble spot:
that it is almost impossible to guess at the
cause of poor operation.

Secondly, as an offshoot of better radio
design, the public has come to expect quality
reception. The old feeling that a radio is all
right as long as it plays is giving way to the
more critical attitude that a radio should re-
produce sound faithfully and well. From a
servicing standpoint this means that a cath-
ode-ray oscilloscope has become the key-
stone of a good radio lab.

An earlier section of this hook (see pages
62-65) discussed some of the jobs than an os-
cilloscope takes in its stride. Despite the al-
most superstitious helief that it is a myste-
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rious and fearfully complicated thing, a
‘'scope is easier to set up than a standard all-
wave receiver of comparable quality, and
costs about as much to make.

As can be seen from the diagrams on the
following pages, the complete oscilloscope
involves, essentially, five units: horizontal
and vertical amplifiers, sawtooth oscillator,
power supply, and cathode-ray tuhe circuit.
The cathode follower which helps stahilize
the amplitiers need not be counted as a sepa-
rate part.

Horizontal and vertical amplifiers are
simple repetitions of the same basic circuit.
Each is essentially a phase-inverter, push-
pull power amplitier such as might be used
in any radio receiver. But it is simpler, uses
tewer parts, has higher gain, and a type of
“high-fidelity” response that is completely
beyond the ordinary concept of high fidelity.
These amplifiers respond equally to any fre-
quency from 20 cycles per second right
through the short-wave spectrum at 2,500,-
000 cycles. The 2.5-megacycle band is
handled on a flat characteristic; at 10 mega-
cycles the gain has fallen off somewhat,
but still shows considerable amplification.

Blocking condensers C1 and C2 are used



to allow study of A.C. waves on a D.C. line.
A composite voltage dividar, R1, reduces the
effect of stray capacitance. The first half of
the 6SN7 is used as a cathode follower to
minimize loading of the circuit under test;
the other half of the tube is a phase splitter
of the cathode-follower tvpe, R5 and R6
being equal. Any value between 1,800 and
2,500 ohms will do, but the two resistors
should be accurately matched by ohmmeter
tests. This setup assures that the plate and
cathode will follow accurately any fre-
quency impressed on the grid, yet never im-
pose a load on the input circuit.

The amplifier stage also follows pretty
conventional lines for Class A push-pull, ex-
cept for one feature. It takes voltage to
swing the cathode-ray beam. but almost no
power. Instead of using & push-pull output
coupling transformer, therefore, resistance
loads R10 and R11 are used instead. The

6AGT is a special type of video power am-
plitier designed for cathcde-ray use. It is
unique in that it gives high gain although
working into a low load resistance.

INSULATED
COUPLING

/

Low load resistance, here and in the phase
splitter, is essential to broad band response
because of the unavoidable capacity from
wiring to ground. Leads, socket pins—
everything associated with the circuit-—has
some unwanted capacity that acts to shunt
high frequencies to ground. It's a small ca-
pacity—perhaps only 15 mmfd.—bhut even
that becomes important at 2 megacycles,
since it represents an impedance of only a
few thousand ohms. If we were to use. say,
a 50,000-ohm load resistor from plate to
ground, much of the high-frequency signal
would be shunted by the capacitance. But
with a high-power signal developed across
6,000 ohms or less, the slight shunting is
simply swamped. and the desired signal
blasts through to the cathode-ray tube.

Similar considerations lead to the need for
the unusual gain-control system. The full
signal is applied to the grid of the first half
of the 6SN7. and the potentiometer R3 in
the cathode-follower circuit. All potentiom-
eters have some shunting capacity, so low
resistance (2,000 ohms in this case) is used

Layout is important on all high-frequency
equipment. In order to keep wiring to o
minimum, it is necessory to place related
ports close together. The drowing shows o
recommended arrangement of tube sockets
on the subpanel. Note that it differs from
the original model shown in the photograph.
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to prevent attenuation of high-frequency
signals. But this also means that the cath-
ode follower can't follow signals in excess of
about 20 volts. It is in order to boost this
range up to about 600 volts that the special
voltage divider R1 is used,

The familiar sine wave represents a graph
of voltage plotted against time. To repro-
duce it on an oscilloscope, we must make the
horizontal beain move across the screen at a
constant rate. Without this horizontal tim-
ing movement, any signal that causes a re-
peated vertical movement will simply cover
its own traces, appearing to the viewer as a
straight vertical line.

To give visible motion to the cathode-ray
beam, therefore, it is necessary to produce a
voltage that will rise at a steady rate, caus-
ing the spot to move steadily from left to
right, and return from maximum to zero al-
most instantaneously. A circuit producing
such a wave is called a sawtooth oscillator.,

In this oscillator, voltage is fed into one
of the condensers in the bank C12—C17
through the high resistance of R18 and R19.
This voltage gradually builds up across the
condenser, and also across the gas-type
triode 884. When the voltage reaches a crit-
ical value, the gas in the tube breaks down
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and suddenly becomes an excellent conduc-
tor. The full potential discharges through
the 884, whereupon the tube relapses into a
nonconducting state, and the charge again
begins to build up across the condenser.

The frequency with which this trip-ham-
mer discharge takes place depends on sev-
eral factors: how large a condenser is used
(which is why five choices are given), how
fast voltage is fed into the selected con-
denser by varying R19, and how many volts
must be developed across the tube before it
fires. This last factor is controlled by the
tube’s grid bias, which is supplied by the
voltage divider consisting of R15, R20, and
R21, and by signal voltage through S4.

Keeping the beam visible on the fluores-
cent screen requires that horizontal and ver-
tical movements be synchronized. The trace
moves from left to right, jumps back, and
starts again from the left. Since the same
trace moves hoth ways, it will be visible on
its return trip unless a blanking circuit is
used. This consists of R43 and C28; hecause
a 50-mmfd., 2,000-volt capacitor may be
hard to get, an alternative circuit is indi-
cated by the dotted lines. In this setup, sub-
stitute C30 for C28, and connect it in series,
with C29 and in parallel with R46.
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POWER-SUPPLY PACK

*400V. 4
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LIST OF PARTS

All condensers 600 velts unless C13:
ctherwise notedl, Ci4:

.05 mifd.,
.005 mid.,

400 valts.
400 volts.

R1: composite voltage divider, conslst!nz o! 3-
watt reslstors: Re. 10,000 ohms; <.
ohms; Re. 1,200 ohns; Rd, 500 uhms.

R2, R4: 2 meg.

R3: 2,000-ohm pot.

R3. R6. Ri3. R23, R24 2.000 ohms.

R7. R9, R25. R26. R30. R31i. R38: 250,000 ohms,

R8. R27: 50 ohms, 2 watts

R10. R11, R28. R29: 6.n00 ohms, 10 watts,

R12: 5.000-ohm pot.

R14: 10.000 ohms,

R15: 1.500 ohms.

R16. R32. R33. R34. R37:

RI17: 25 ohms.

R18: 400.000 ohms,

R19: H-meu. pot.

R20: 80.000 ohms.

21: 60.000 ohms.

R22: 2-mer. vot.

R35. R36: J-mex. vot.

R39: 700.000 ohuns, 2 watts (two 350.000 ohms, 1
watt in series)

R40: 500.000 ohuns. 2-watt not.

R41. R43. R49. R50. R51, R32:

R42: 250.000-0hm not.

Ri4. R15: 8.000. ohms, 10 watts.

R4G: 10 meg

R47: 20,000 ohins,

R48: 3 meg.

ie, Ry: Mo bLe detern ined by trial: see text If
T2 §s 2 standard 3.000-volt neon-tube trans.,
Rr cqualzs dov 0pb olme, & walls. and Ry
eguals 1 meg.. 2 waits

L1, L2 L2, L4: one mic from standard four-nie.
2.5-mb. R.F. choke.

L5: power filler choke 200 ma.. 10 h.. or lLrzer.
T1: 115-t0-6.3 volt trans.: 5.000-volt insutat:on,
T2: 115-10-1.700 volts or more

Ts: 114-10-2.5 volt trens.. 5.000-veolt insulation,

1 meg.

100.900 ohms,

Cl, €3, C7, ¢S, CI8, iy, (23, C€15: 1,500 mmfd.. 400 volts. 'N ctandard 200-ma. power trans.: 115 to B.3.
24, €2, C26: .0 fd Ci6: 250 mmfd.. 400 \‘nllsi 50 and 405-0-425
€2: 2.nfd.. 2.000 volts or hizhest C17, C30: 50 mmid.. 100 volis T i
voltage availabic €27. €31: 1 wid.. 1.500 voits. 3il- S' gs:,r :::;l:'
C4, C5. C10. C20. C21: .25 mid. filled naper. L
C28: 50 mmid.. 2.000 volls, S83: §-vosition selecior: preferably low-loss

C6, C22: 20 mid.. 25 volts, elec-

trolvtic. C24: 001 mfd.. 2,000 vejis ceramie,
9 .5 mid C32. C33, ICZH, (i'.’l;vl: lG;_;ll\Id.. 450- S4: 3-positlon seloctor.
oy - volt. electrolytic filler con- 5: 3. f > tor.
Cil: 25 mfd., 25 volts, elcctro- densers gg: z D(:?;yn ls)l!’ ::::'::
Ivtic. All vesistors 1 watt unless ADSPESIROR IS -

C12: .25 mfd.. 400 volis. otherwise noted.

Healthy voltages are needed to drive the
spot across the screen, and call for a 200-
milliamp. power supply capable of deliver-
ing a full 4100 volts under load. I you can
get transmitter-type filament transtormers
with 3,000-volt insulation you can save
yourself the job of rewinding heater trans-
formers for the 2X2 and cathode-ray tube.

Tubes, sockets, and accessorics as noted.

This can he done, however, in a single eve-
ning's work on two small, standard 6.3-volt
transtormers. Taking out the corc stack,
vou will find the 6.3-volt winding outermost.
Temove this winding, counting the turns.
Wind two layvers of 5.000-volt insulating
eambric over the primary, and, for T1, re-
place the 6.3-volt secondary. Put another

Block Diagtam of Cathsde-7Ray Oscillsscope
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Since the oscilloscope is
an enormously sensitive
test instrument, it needs
many controls. A useful
panel arrangement is in-

2 SYNCHIONIZATION

a vertical signal timed
by a horizontal sweep.

A focused beam without amplification,

double layer of cambric over this, and re-
place the core stack. The 2X2 transformer
(T3) is processed in the same way except
that only 25/63 times the number of turns
is replaced in the secondary.

The high-voltage transformer can be any
convenient one giving 1,000 volts R.M.S. or
better. A small neon-sign transformer is
likely to be the cheapest and easiest to ob-
tain; it will work nicely in conjunction with
a voltage-divider system Rx and Ry as
shown. Values of the resistors will have to
be determined by trial
measurement on the fin-
ished oscilloscope. Use
different resistors until
an output voltage of 1,200
volts negative to ground
is obtained across (31
with the high-voltage
neon pilot light removed.

Since the busy end of
the cathode-ray tube is
nearly 18” behind the front panel, the am-
plifier circuits should be located at the back.
Horizontal and vertical-gain potentiometers
shiould be mounted on the subpanel carrying
the amplifiers and cathode-ray tube socket.
Use long plastic rods to drive the potenti-
ometers from the front panel. Horizontal
and vertical input jacks should be placed on
the side of the oscilloscope. and the selector
switch (85) for horizontal inputs should
also be placed at the side rear.

If the 6AG’s are mounted horizontally as
suggested by the drawing on page 67, care

10

dicated at the left. The

: POWER three views at the right

INTENSTY c@‘,’ illustrate the operation

4 5 £ of the three amplifiers.
’ A' PRV OTeE Horizontal and vertical
CC HIGNT LOW g@ﬁ signals are shown above;

k. _EAH the lower picture shows

should be taken to install the sockets so that
pins 2 and 7 are in a vertical plane.

Note that the focusing and intensity con-
trol potentiometers (R40, R42) run nearly
1,200 volts negative to ground. But these
potentiometers aren’t ordinarily insulated to
withstand thousand-volt strains—and nei-
ther are you. Mount them on a bakelite sub-
panel and join the shafts with insulated
couplings. While the insulation stands up,
both you and the oscilloscope are safe. But
if it should break down, the metal shaft will
cause the cathode to
short out to the chassis.
It will be an expensive
breakdown, to be sure,
but at least you'll still be
around to make the re-
pair.

Condensers C25 and
C26 also run at very high
potentials. Make sure
they are supported where
they can’t touch ground. Use high-voltage
auto ignition cable for all leads marked with
a spark symbol in the diagram.

When working on the oscilloscope, its
power supply, and especially the high-volt-
age supply, remember that you are han-
dling sudden death. EFlectrons are quicker
on the draw than you are, so don't depend
on your agility to make adjustments with
the power on. Engineers, radio hams, and
power-line workers live with the stuff be-
cause they respect it and never trust it.

They've got the right idea.



WARPED PHONOGRAPH RECORDS that slip against
other records on an automatic changer can often he
straightened simply by placing them between glass and
leaving them in a warm place for a few hours. Use two
scrap pieces of plate glass at least 12” square and lay a
sheet of paper between each surface of the record and
a glass to avoid damaging the grooves. Put a weight,
such an an electric iron, on top. A shelf over the kitchen
range, or some similar spot, should provide sufficient
warmth to take out the bend.

Occasionally a record so straightened will retain a
slight curve that permits the convex surface to slip.
This can be corrected by repeating the straightening
operation with a 4” circle of heavy paper or thin card-
hoard on the center of the convex side.

Slipping usually occurs when a record is so warped
that the drag of the needle is greater than the drag of
the record on the one below it on the automatic changer.
Two adjacent records in a set may be warped and still
{it together in such a way that they do not slip. In such
a case straightening is unnecessary.- WILLARD ALLPITIN.

— > SHORTS IN A CONDENSER, such as are

NGRS IS, - apparent when a radio goes dead over part

W . &VO ‘°3A$;M5 . of the dial, ean he traced quickly by rigging
PuGe D.R DT, g’ up a homemade tester consisting of two dry
SWITCH 70 B+ CONNECTION cells anid a door buzzer. Disconnect the

stator leads and connect the cells and bhuzzer
in series with one section of the condenser
SAFETY CAN BE ASSURED in working 4t a time, as shown below. Then slowly
with experimental high-voltage electronic  potate the condenser hack and forth, watch-
equipment by incorporating a double-pole ing the segments closely. A short will show
double-throw switch in the circuit. as shown up as sparks between the plates. which can
in the diagram above, instead of the cus-  then he straightened. OTTO H. MILLEK,
tomary line switch. This acts on the sam

principle as the more expensive and hard-to-
obtain interlock switches, permitting the | l 79 5"“7\‘;" PO
condensers to discharge automu:tically when cllIC -
the switch is thrown over. The resistor is ARV SAISER At e ke
added to prevent excessive sparking at the ™\ CELLS VARIABLE
contacts. Since the discharge takes place in CONDENSER
:_1 matter of milliseconds, a |-watt resistor o GROUND TO CHASS15y
is adequate.—GEORGE O. SMITIL S :
MEASURING IMPEDANCES [ELECTRICALI]
With the aid of an nrdinney At Vo L filr) to
measure the actual ingpaedian, Al of Kes, Dt tras Ben
"0 V. lnll l;‘-r;‘, et -‘rw"mulcn --|l- llI| Mo Ivn ' :”r 1 i ;J .‘ e
- e AR Fr e - - T Al T it ey
A.C e i L Ch e eh e hp e & :
-~ nee of the m-lucr e Inu t e werhe ne 1e van
S Ie L 1s ) Nl 10 In . uriad, el © v
W hie ALC. vollmieter: then nse the wl 1
R~
Impedance of Loln ohn 0
FIG.1 I I 18 4000 phms, V), Is 88 vals, ond V. 1s 22 volts, then
] p b gy 1y ol
B
\\Iu Impeifanee redading 1
[ oadod wit (O A
1Y wsed Tho; :t;rrn:“( :r‘ulr ol' 4
% reuired output o
1Ho-v. Hinde o I Trantommer with ar
A.C "rin‘ Il ::l l‘:; L- : known res<lslov -oNniinately ta the 1
pedunce of the fransfurmer i, to provent wvertieating feene Th
:. 5313 ohn t R A reslstor equal the hinpe ¢ of
nortinally used ‘,, oroviles (loll ¥ n‘ push- nl-!‘! transfo ruur'. il
two |'n" taps nu liznore the cents t s wit ok
'GNORE read V' oaanl v use the foltewime formul
ENTER TAP -
FIG.2 «om , X vy
¢ in olitn v
1
If R, 1x %000 omns, Ky 18 8 ohms, ¥V, 15 00 volts, il V. >0
OUTPUT TRANSFORMER  vults, then lmpeiance -'""""t;" 2 g.uen ohm
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SIGNAL BOOSTER BRINGS IN

ADIO listeners who confine
themselves to local network
outlets and independent stations
are sometimes pleasantly sur-
prised when a stray combination
of elements brings in an unexpect-
ed broadcast from distant parts.
It is only when such accidents
happen that most of us realize
how much first-rate entertain-
ment never reaches our ears.

To overcome the short reaching
power of most home radios, the
booster shown in the photos below
reaches out and drags in weak
and fading signals. The regenera-
tive circuit gives it a usable gain
comparable to that of a two-stage
amplifier, while the antenna cir-
cuit improves the signal-noise ra-
dio. When no hoost is needed, a
flick of the change-over switch
cuts the plate voltage of the am-
plifier tube so that no interfering
harmonics are radiated.

Feedback is obtained by adding one turn
of 22-gauge silk-covered wire around the
ground end of a regular broadcast-hand
antenna coil in the same direction as the
coil winding. Tap off the antenna lead one
quarter of the way from the same end.
Ground the shield of the output lead to the
chassis of both the hooster and the receiver.

A 6J7 tube is used as the R.F. amplifier
by design, but the 6K7 found its way into
the rectifier circuit only because a discarded
one happened to be handy. Many otherwise

Completely cssembled, the booster
is compact on a chassis 2” by §”
by 52, Standard parts are used.

12

WEAK STATIONS

unserviceable tubes will operate as rectifiers
when plate and grids are tied together.

If the filament switch is turned on while
the change-over switch is off, the booster
can be kept warmed up and ready for use.
When the signal starts to fade or a weak or
distant station is wanted, the booster is
swilched in and tuned for maximum signal.
If a hum is heard when the booster is used
with an A.C.-D.C. radio, it may be necessary
to reverse the plug connecting it to the 110-
volt line.—GEORGE BOLTOXN.




Worn-Out Tubes Are Salvaged
As Rectifiers with Few Changes

RADIO tubes that drop off in efficiency or intro-
duce unwanted noises into the receiver may have
to be replaced even though they are not actually
burned out.

Many such tubes can bhe reused as rectifiers
by reducing the effective number of circuit ele-
ments to the two found in a simple diode.

Some tube types. illustrated at the right, can
be converted by means of the changes shown.
The beam-forming plates of the L6 series of am-
plitiers have heen omitted since they are not
aftected by the changes. In some cases it may he - : |
necessary to insert a voltage-dropping resistor in ! 50Y6, 2526, eTc. 50L6, 356, 2516, £7C |
series with the filament.— WALTER A NDERSON. —

— J

4’;‘ Copper-Oxide Rectifier

" Used for Bias Voltage

Bias voltage may be ohtained in
certain types of equipment by lift-
ing the tilament line from ground
and installing a copper-oxide recti-
fier. Conventional cathode-resistor
bias is ineffective in circuits where
plate current either doesn't flow or
is intermittent-for example, relay
or photocell hookups-—and a volt-
age divider may cut the plate cur-
rent. A rectitier across the filament
is, in effect, a small power-supply
bias that does away with the need
for an extra D.C. source to serve
this purpose. ~GEORGE Q. SMITI,

CIRCUIT ELEMENTS [STANDARD SYMBOLS]
- — CAPACITORS

ded e e o I b

RELAY FIXED VARIABLE SPLIT-STATOR

+——— ANTENNAS —INDUCTORS ———»

UYE L 3.7 4 ¥

MAGNETIC  TRANS-
AERIAL LOOP OROUND FIXED VARIABLE CORE ~ FORMER
SPEAKERS

I =

MAGNETIC PERMANENT-MAGNET

-~ RESISTORS ——5—+ ]
—’\/\/\/— OR/\M/—
FULL-WAVE

FIXED VARIABLE RECTIFIER
POPULAR SCIENCE MONTHLY SHOP DATA
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Electronic dirgrams have come a
long way irom the half dozen or so
figures with which they began. These
symbols. taken in part from Bulletin
Z32.5-1944 o! the American Standards
Association. are o tew ol those now
in common use. Symbols marked ¢ are
not given In the Bulletin.

3



Servicing Your Radio

NOISY OR ERRATIC performance may re-
sult if there is pitting in the resistance ele-
ment of a carbon-strip potentiometer, above,

often used as a volume or tone control. The
pitting, which develops after use or where
the unit must carry appreciable current, oc-
curs directly under the curved path of the
movable contact finger. A satisfactory re-
pair can be effected by bending the movabhle
contact radially, either in or out, so that it
travels along a fresh track on the carbon
strip. Controls having two or more con-
tact fingers will work for a time with only
one, so if a new path cannot be obtained.
remove the finger that rides along the pitted
path.—GILBERT R. SONBERGH.

HIGH-VOLTAGE LEAKS within a condenser
can be quickly located with just an ohm-
meter or voltmeter and a B-battery. The
same method will measure unknown high
resistances on the order of 10,000 megohms.

To test the resistance of a condenser, con-
nect it as at 4, close the circuit for an in-
stant, and then open it. The meter will kick.
If the condenser were perfect, remaking the
circuit would not cause the meter to budge.
In practice, a .02-mfd mica condenser in
good shape won't show a second meter kick
after a delay of a minute, though a good
paper condenser may lose its charge in a
few seconds. Comparative tests with similar
condensers known to be good will tell wheth-
er a specific condenser is good, fair, or poor.

RESISTOR BRIDGES, or chains of fixed
carbon resistors, have numerous test uses.
Below is shown how five 1-megohm resistors
were connected to measure a 10,000-volt
power supply with a 5,000-volt voltmeter.
They were connected across the power sup-
ply to simulate its normal load and the volt-
meter was then connected across one of the
resistors. The true voltage was somewhat
more than five times the reading because of
the voltmeter draw, but this factor can be
neglected with most testing meters.

Another use for this improvised voltage
divider is for securing accurate low A.C.
test voltages sometimes required as a sig-
nal input. To obtain .1 volt, for example,
use 10 resistors of equal value across a 1-
volt 60-cycle source.—G. R. S.

B

Approximate values of resistors can be
determined as at B. By comparing the

meter deflection after a timed wait when
the condenser is shunted across an unknown
resistor with that obtained from a known
one, you can gauge the unknown value.
Insulation resistance can be checked by
the method illustrated at C. A 1 or 2-mfd.
oil-tilled condenser may show a substantial
charge after eight hours if in good condition.
Give one of this type a charge of several
hundred volts from a B power supply, and
connect it across the insulation to be
checked. If the condenser alone gives a
healthy meter kick after eight hours, but in
the circuit loses its charge in tive minutes,
the insulation leaks badly.—J. W. C. J&.

[ GROUND TO CHASSIS
w \J VOLTMETER
VOLTMETER RESISTOR
UNDER
T o TEST
e 67%-vour . N
—_ B BATTERY mmimm o LEAD TO
— /_ L_- - ] INSULATED
S —— CONDENSER = HIGH- CIRCUIT
UNDER TEST == VOLTAGE 1-MFD
| D.C. SOURCE OIL-FILLED
Q e A__/ CONDENSER
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HEAVY-DUTY
CHOKE-INPUT POWER PACK

Serviecing Your Radio

mercury-vapor rectifier tube is used.
This type of filter gives better voltage
regulation than those of the conden-
ser-input type, showing less voltage
drop when a heavy current demand is
placed on it.

Two .01-mfd. condensers from the
plates to ground cancel the annoying
hums that are sometimes caused when
the R.F. circuits are modulated by the
power supply at certain frequency
settings while the detector is oscillat-
ing. If A. C. hums are encountered,
add .25-mfd. condensers across each
side of the power line and from the
6.3-volt heater leads to ground.

If the speaker you use is one of the
many of the electrodynamic type em-
pioying a powerful electromagnet in-
stead of a permanent magnet, you
may connect its field coil for use as
one of the choke coils in the power
pack. This expedient permits the coil
to function in two ways, since it will
also provide the necessary magnetic
field for the speaker. For use on other
sets, the power pack will require two
chokes.

The parts are arranged on a metal
chassis with the second choke screwed
on one side to allow for greater com-
pactness. An octal socket is used for
the outlet connections, while a dis-
carded octal-tube base makes an ex-
cellent plug for the outlet cord for the
receiver-tube filament voltages and
high-voltage taps. Less flash back on

In the reor view of the power pack, the transformer is at )
left ond the two chokes ot right, the second being the one sFartl'ng, blft poorer voltage regula-
on the side. Wiring is shown in the view from the bottom. tion, is possible with a 523 or 5U4 tube.

RS

\/ HERE you find replacement of
a power pack difficult, or have

t
trouhle with blowouts on a conden- ! g,“ el J el
ser-input filter, this rugged power ; [ LeaDs
|

k f 1 0
pack, constructed of salvaged parts "anTJ:mf’MJ

and capable of delivering 300 volts | : . 1
at 250 milliamp., will give excellent i | ' -Lﬁowivig?w-‘
service. It will also provide a well- : ] # =] 4
Iter r owe r a short- i 2500w |
filtered source of p r fo o t ) e 1¥_| AT
wave receiver. The unusually high i = \ *
current rating provides plenty of } CRRke 25,000 @
SECOND CHOKE | (< wary
current for power stages. | OR SPEAKER. WiRE WOt D
Good voltage regulation is assured } FIELD - RESISTOR
by the choke-input filtering feature, 1 R o e JAE
which also will prevent the high peak ! AL enny 2B, ..
voltages that sometimes blow out Lo JUSECENTERTAP CHOKE _l’ \ o | i
even 450-volt condensers when a IF PRESENT; OTHERWISE = = -
EITHER FILAMENTLEAD g1 4c iep. 4B0-vOLT 3
15 & ECTROLITICS A



Hidden Mounting Brackets
Fasten Small Radio to Waill

ALL too often a small radio ends
up at the wrong side of a room
because there’'s no table space avail-
able where you want it. This prob-
lem can be overcome by the hidden
wall bracket shown here, which
also helps to give little radios a
modern, “huilt-in”  look.
Its cost is negligible.

Before hanging your ra-

dio. be sure that the cahi-
net is sound and the joints

are in good
Screw two angle hrackets
to the wall as shown. Fin-
ishing nails or small wood
screws driven through the

top of the cabinet will ey
kgep it from sll.dmg off BRACIKET
without preventing you SCREWED
from litfting it off when TO WALL

desired. Cut off the ends
of the nails. - H. D. POST.

condition. e

vE
FINISHING P
NAIL

Terminal Strip Helps Experimenters in Testing New Circuits

RADIO experimenters who have to stretch
available equipment can adapt a home radio
set to supply current at different potentials
for a variety of test instruments or "add-
on’ circuits. Six connections brought out to
a terminal mounting strip at the back of the
chassis will make it unnecessary to remove
the set tor every new experiment.

Connect the terminal points to the circuit
element indicated in the drawing. Shield
the No. 4 connection and hook it to the un-

grounded side of the volume control that
connects with the A.F. input to the audio
amplitier. Check your radio hbefore making
this connection, since not all volume controls
are suitable for this use. For a handy con-
tinuity and condenser tester, attach a pair
of prods in series with a neon lamp as
shown. A record player may be connected
to Nos. 1 and 4, or a complete crystal-micro-
phone preamplifier can be ted directly into
the power output stage.—E. E. YOUNGKIN.

Of MFD,
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L. POWER SCRZEN uoo,oo'o“ié
RF OR 1F, SCREEN == Lot .
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WHAT TO DO ABOUT INTERMITTENT RECEPTION

“Servicing Your Radio™

ADIO servicemen and home niechanics

are often hard put to tind the cause
of intermittent or fading radio reception.
A receiver working perfectly one minute
may drop in volume or fade away com-
pletely the next, perplexing the repair man
no less than it exasperates listeners. Bang-
inz the cabinet, flicking the switch, or sim-
ply walking heavily across the room will
often jar the radio back to lite, hut this is
only a temporary expedient. and the recep-
tion is sure to fade again later on. In the

following instances several of the more
comimon matifestations of  such trouble
were (raced to their source, and lasting

remedies were applied.

A small A.C.-D.C. tive-tube superheter-
odyne was afllicted with abrupt increases
and decreases in volume. The tluctuations
usually occurred when house lights were
tnrned on or oftf. It was found that the
0a-mifd., 100-vplt tubular condensers in the
erid returns ot the A.V.C. tubes (Fig. 1)
were faulty. These had to be replaced.

Similar trouble was experienced by the
owner of a set that could he stirred into
renewed operation only hy snapping the
on-off switch or turning on a house light.
After all tubes were checked. it was dis-
covered that reception could he restored
hy touching the plate leads of the tirst
detector or converter tube, or the Il leads
or oscillator-tube leads. 'This led to the
trouble being traced to a defective detector-
ciathode hy-pass condenser (Fig. 2).

Frequentlv intermittent reception is due
to a faultv coupling condenser in the grid
circuit of a power-pentode tube (Iig. 3),
such as a B0L6 or a 143, This causes a radio
to lose volume suddenly. The rault can he
correcled only by replacing the condenser,

which usually has a value of .05 mird.,
4100 volts.
Intermittent reception is also often

caused by dirty wave-band switches. Hard-
ened tlux or grease may accumulate on the
contact points, which can be easily cleaned
with carbon tetrichloride and i small cloth
or toothhrush, as shown in the photo. Even
it 4 switch tests O.K. on 110 volts, it will
still cause intermittence if the contacts are
not clean.

Radios with weak or noisy reception may
owe their eccentricity to corrosion of R.F.
or LF. grid-return leads at the chassis.
These points should be carefully inspected.
Usunally it is bhest to install a common
grouml wire and connect grid returns to it.

Dirty wave-band switches often cause intermitteni

reception. Clean them with carbon tetrachloride.
GRID LEAD-=a 125K7
/on SIMILAR
> AMPDLIFIER
> o TURE
i 3
b F3 Canil
& & TUNING OR
e w TRIMMER
T CONDENSER
_____ -
RF.COILOR Joi. Sk
.F.TRANSFORMER MFD DEFECTIVE
. T CONDENSER
o OTHER — TO DETECTOR
RF.TURES o~ STAGE
*+ ANPANN- >
ANMC.LINE
Fig.!
YO PLATE 70 OUTAUT
P e ]  STAGE
1
| erio
] I OR SIMILAR CAP
H - DETECTOR- -
H =a TURE
1 :
1
B4l CEFECTIVE
[ 20,000 OHMS TURULAR

AWM PAPER
LF.TRANSFORMER | CONDENSER

P ! | (SOMETIMES
- L _} as-mFD.
CHASSIS —-'li;‘j' ELECTROWYTIC
. = ~= CONDENSER
4 1S USED)
.05 MFD 7"; 2
TO PLATE OF
» 10 SPEAKER
DETES‘I?Z..'}__- TRANSFORMER
-
GRID
DEFECTIVE
CONDENSER LEAD
S
100,000 TO

B+



By Tracy Diers

WNERS of inexpensive record players
O often content themselves with lower
standards of performance than they would
like because of the belief that price and
quality have to go hand in hand. Generally
speaking, that's a sound rule, but it doesn’t
mean that the performance of such phono-
graphs can't be improved.

Defects inherent in many players can be
corrected at least in part. Among the most

Improving
‘ SMALL THINGS CAN MAKE

common faults are A. C. hum, motor
vibrations, “wows,” and distortion of
high-volume passages.

While this article deals only with
adjustments that can be made in the
record player, a few things should be
known about the amplifier with which

it is used—in most cases the output stage
of a home radio. Most important, of course,
is the question of whether it is the radio
that is causing the disturbing background
hum. If your radio doesn’t have a separate
ground lead, it is probably of the voltage-
doubler type and should not be grounded.
In most cases, however, an amplifier or ra-
dio will be used that has a ground connec-
tion, and this should be securely connected

Before attempting to eliminate background hum
from the record player, be sure that the trouble
doesn't originate in the radio amplifier. A 100,000-
ohm resistance will simulate the pickup impedance.

Good grounding is important to humless reception.
If an ohmmeter test of the pickup case shows an im-
perfect ground, solder one end of a piece of wire
to the holding nut, the other to the cable shield.

Hum may be caused by the A.C. field put out by the motor line cord. Separate it from the pickup cable.




Low=-Cost Record Players

A BIG DIFFERENCE IN THE QUALITY OF YOUR PHONOGRAPH

to a water pipe, steam radiator, or the like.

Femove the phonograph plug and replace
it with a 100,000-ohm resistor to serve as a
dummy load. Turn the volume up to the
usual point and note the hum level. If it is
very pronounced, then you must seek the
trouble in your radio; if not, remove the re-
sistor and reconnect the record player. With
the motor turned off, but the volume up to
its customary level, listen again for hum.
Whatever increase you now hear may be
put down to the record player. The trouble
may bhe of either inductive or mechanical
origin.

Connections between pickup and amplifier
are one source of induced hum. If ordinary
wire was used, replace it with shielded cahle

Sometimes the magnetic field set up by the motor
persists even with all leads properly grounded.
Should this happen, shield the motor with a thin
sheet of ony magnetic metol ond ground the shield.

and ground the shield. To make sure that
the pickup case is effectively grounded,
touch one prod of an ohmmeter to the ground
pipe and the other side to the pickup case
(Fig. 2). A perfect ground will give a meter
reading close to zero ohms; if it is higher,
ground the case as shown in Fig. 3.

Now listen again for hum in the speaker,
first with the motor off. As you turn it on,
you should hear a click in the speaker, but
no hum. If you do hear hum, reverse the
line-cord plug.

Still no improvement ? Perhaps the motor
is putting out an A.C. field that is being
picked up by the shielded cable. A motor
line cord that runs parallel to the pickup
cable (Fig. 4), should be separated as shown

To eliminate mechanically caused hum, vibrations
transmitted from the motor to the record must be
damped somewhere clong the line of travel. A
piece of heavy felt glued to the turntoble may help.

Used with the bolts thot hold the motor to the mounting board, rubber sleeves will obsorb some vibrotion.
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The water test, above, shows if motor vibrations
are still being transmitted to the pickup. One
common cause of "wows" is fluctuation in the line
voltage. A volimeter across the line (right} will
show a dip or rise at the time the music quavers,

in Fig. 5. Better still, replace the line cord
with a shielded two-conductor cable, and
ground the shield.

Despite all these precautions, induced
hum may still continue to ride through.
One measure that still remains is to bend
a sheet of iron or similar magnetic material
around the motor as shown in Fig. 6.

There seems to be a perverse force in life
that always manages to put the thing we're
looking for at the bottom of the pile. So
don’t be too surprised if none of these im-
provements quite turns the trick. There's
a pretty good chance that the trouble is
not inductive at all, but mechanical.

Mechanically caused hum usually orig-
inates within the laminations of the motor
itself, and works upward through the shaft
to the spindle and turntable. Once in a while
it is possible to eliminate the trouble by
tightening the laminations. More often, it
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will require that the record be physically
isolated from the vibrating motor and shaft.

Cement a piece of heavy felt over the
turntable (Fig. 7), and place on it a record
having a quiet or unmodulated section.
With the needle in the quiet grooves, turn
the gain up high. Any hum that can now be
heard in addition to needle scratch may in-
dicate that vibrations are being transmitted.
Replacing the metal spindle with a rubber
one should lessen this distortion. If it
doesn’t. you will have to sound-insulate the
motor from the mounting board.

Use live-rubber sleeves and washers for
the sound insulation. Discard old hardened
washers, if any, and insert sleeves of at least
'2” o.d. (Fig. 8). Do not draw the nuts so
tight as to cancel the springiness of the
rubber. To test for motor vibrations, use a
glass of water as shown in Fig. 9; with the
motor running, no ripples should appear on
the surface.

Another common trouble found in inex-
pensive players is a malady known as
“wows,” caused when the turntable speed
changes and introduces unpleasant quavers
inte sustained musical notes. Rooting out
this defect completely might require a major
rebuilding job, but the nuisance can he min-
imized if it happens to be caused by over-
loading of the line. Using the record player
on a circuit on which you already have a
refrigerator, oil burner, or other fair-sized
load may mean that the player is subjected



to voltage fluctuations introduced into the
line when this equipment is turned on and
off by regular service demands.

To check line fluctuations, connect a volt-
meter across the record-player plug at the
point where it enters the wall receptacle
(Fig. 10). At the instant a “wow” occurs,
the voltage may show a marked variation.

Should this happen, try the record player
on a less heavily loaded circuit.

Distortion of high-frequency sound pas-
sages results when a crystal pickup gener-
ates too high a voltage for the amplifier with
which it is used. This defect, known as
“blasting,” can he remedied by the simple
filter circuit shown with Fig. 11.

Filter Increases Tonal Range of High-Fidelity Crystal Plckups

SoME of the newer phonographs feature
pickups with excellent crystals and extreme-
ly light needle pressure. Used in conjunction
with the vinylite-type records that prac-
tically eliminate needle scratch, it is possible
to get the full tonal range actually recorded
on the disks.

But because recordings are made with
magnetic cutters and played back with crys-
tal, a tilter should be inserted in the pickup
circuit to compensate for inherent differ-
ences in frequency characteristics between
magnetic and crystal devices. The shunt is

100 MA. 30H
200 OHMS 50 WATTS
5,000 OHMS
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x %

Test Gives Field-Coil Resistance

WHEN the resistance of a burned-out
loudspeaker field coil is not marked on the
original—as often happens—finding a re-
placement poses a problem for the service-
man. Connect a resistance in series with
coil L, as shown above, across the field-coil
terminals, and vary R until proper plate and
screen voltages are observed. Turn off the
power, and measure resistance x-r. Install
a coil with the same value.—JACK KING.

Knobs Protected by Recessing

FLUSH knobs on a
portable radio or
phonograph case can
be fitted by cutting
suitahly sized holes
in a thick panel and
mounting the con-
trols on composition-
board sheets screwed
on behind. Knobs in
this position cannot
interfere with the
closing of tight-fit-
ting covers.—G. O. S.
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used to disconnect the filter when old-style
records—still the most common—are being
played.—JOHN W. CAMIBELL, JR.

Surgical Instrument Serves as
“Third Hand'’ for Serviceman

TEMPERED steel forceps that can be made
to lock in one of several positions are par-
ticularly useful for holding wires or small
parts in place while both hands are used for
soldering. Slightly damaged or worn hem-
ostatic forceps of the type illustrated above
are available at many secondhand stores.
Metal shims may he soldered to the blades
to allow the right pressure for frequently
repeated operations.—H. LEFPER.
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Knowing Six Basic Types Will
Enable You to Adopt Salvaged
Tubes to Almost Any Circuit

ACED with a new circuit he wishes to
build and a collection of salvaged tubes,
the electronic experimenter may tind it hard
to decide which will serve his purpose. Tube
manuals are full of intormation, but after
studying the bhcwildering array of tubes
listed in them, the heginner may find himself
as badly off as before. The way out of this
confusion is to understand the six basic tube
types. It will be simple then to classify the
tubes on hand and make full use of the data
in the manuals.

“Triode.” *“pentode,” and “tetrode’ are
simply general classifications, each covering
several subdivisions. These subdivisions are
based upon the operating characteristics
of the tube and the use for which it is
intended. The steady progress of research
has constantly added new tubes in each
category, yet Lo keep older equipment in
use, it has also been necessary to keep
available the older types of tubes. This re-
sults in the plenitude we tind in the manuals.

Another reason for the large variety of
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tubes is that different filament-heater volt-
ages are used in various radio receivers,
and each of the hasic tuhe types must,
therefore, be availahle in different heater
ratings. Thus a 12SK7 and a 6SK7 are
identical save for the heater voltage—12
for the former and six for the latter. Port-
able radio receivers designed to use flash-
light cells as a source of heater current also
need pentodes such as the 6SKT7. The 1T4
was designed for them.

Most standard clectron tubes have heen
designed for use in radio receivers simply
hecause these have offered the greatest
market for them. However, radio tubes
will serve admirably in many other applica-
tions. Most radio and laboratory needs can
be met with six basic types: the 68J7. 6SK7
6SAT, 68SQ7. 6J5, and 6L6. Almost any tube
listed in the manuals can be understood by
coniparing it to one or the other of these
six basic types.

The 6J5 is a triode. So is the 68SQ7. but
this tube has two small detector diodes as
well. Frequently these are ignored and the
tube is used simply as a high-gain triode.
Both are modern tubes. It must not be
supposed that bhecause the triode was the
first developed it is an inferior tube, It is
not an extremely high-gain tube. but for
many purposes it is the best choice never-
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theless. The biggest transmitter power tubes
100,000-watt giants—are triodes.

Tube manuals list two kinds of triodes—
voltage amplifiers and power amplifiers.
Each of these is in turn subdivided into two
classes-—-the voltage amplifiers as medium-
mu and high-mu, and power tubes as
low-mu and high-mu, mu standing for the
amplification factor. The designation of
voltage or power amplifier indicates what
kind of gain the tube provides. Each has
advantages in certain applications.

One type of gain does not exclude the
other: a voltage amplifier steps up the
power (current) to some extent, and a high-
mu power amplifier amplities the voltage
swing somewhat, but the order of amplitica-
tion is very different for the two types. For
example, a 6A3 power-amplitier triode can
deliver as much as 200 milliamperes, while
the 68SQ7 voltage-amplifier triode is rated
at 0.9 milliampere. The 6A3, a low-gain
power tube, passes much more current than
a high-mu power tube, while the 6SQ7 is
a high-mu voltage amplitier that sacrifices
current gain. Between these there is the
6J5, a medium-mu triode rated at 9 milli-
amperes and capable of an amplification of
about 20 times.

In general, power-amplitier tuhes require
a fairly strong grid signal, but they deliver
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a powerful punch at the output. A low-mu
triode power tube may require a grid varia-
tion of 60 volts and have a plate- voltage
swing of only 100 volts, so that its voltage
amplification is small. But the current,
which on the grid may be less than .01
milliampere, may be stepped up several
thousand times at the output.

High-mu power tubes such as the 6ACS
require smaller grid voltages, but they give
less power gain. High-gain voltage-ampli-
fier tubes, on the other hand, may deliver
up to 100 times as much voltage as is im-
pressed on their grids, but with small cur-
rent output.

The distinction hetween voltage and power
amplifiers holds for tetrodes and pentodes
as well as for triodes. However, the tetrode
power amplifier becomes the beam power
tube, which in effect acts as a pentode.
Pentode and beam power amplitiers require
much smaller grid voltages than do triodes;
their great gain makes them more eflicient
for small apparatus such as radio receivers
and public address systems. Two 6L.6 beamn
power tubes can supply 15 to 30 watts of
audio power, or, in a special hookup, as
much as 80 watts— enough to be heard two
miles away. Amateur short-wave trans-
mitters using two 6L6's can communicate
across the continent. The 6V6 is a slightly
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smaller beam power tube that
can be used in the same way.

Tetrode and pentode volt-
age amplifiers are divided in-
to remote-cutoff and sharp-
cutoff types, the later also
being called a variable-mu
or supercontrol pentode. The
difference hetween these lies
in the structure of the con-
trol grid.

So far as electrons are con-
cerned, the grid wires can he
“inflated” hy impressing on
them a negative potential
until, in effect, they over-
lap and block the tube. Close-
ly spaced grid wires will he
so inflated when a charge of
only a few volts is applied.
Widely spaced wires will be
individually inflated as much
with the same charge, but
because of their greater sep-
aration, they will not hlock
the tube.

Two pentodes among the
six bhasic tuhe types illustrate
this. In the 6SJ7, the con-
trol-grid wires are closely and uniformly
spaced (Fig. 1). With a negative charge
of 3 volts on the grid, a change of 1 volt
will cause a change in plate current of 2.5
milliamperes. In the 6SK7, the change in
plate current would he about 2 milliamperes
under the same conditions, and both tubes
would have about the same amplification.

The 6SKT7 has grid wires that are not
uniformly spaced. As shown in Fig. 2, those
at the top and bottom are spaced like the
grid wires of the 6SJ7, and at a potential
of —3 volts they act in much the same way.
But the entire grid of the 6SJ7 “overlaps”
at —9 volts; the tube is blocked and stops
conducting at that point, whereas the 6SK7
is still strongly conductive at a grid charge
of —19 or even 29 volts, because its grid
wires are widely spaced in the middle. This
wide spacing permits the tube to pass cur-
rent, hut it also makes it less responsive to
changes in grid potential. For example,
with a charge of - 35 volts on the grid, a
1-volt signal will alter the plate current by
only .01 milliampere. Thus, at high grid
potentials, amplification is very low.

This feature characterizing the super-
control pentode is very useful. With ordi-
nary tubes, volume control is gained only
by varying the strength of the signal im-
pressed on the grid with a potentiometer or
a similar device. With supercontrol pentodes
such as the 6SK7, the entire signal can he
fed into the grid, and amplification control
can be gained simply by varying the grid
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Shawn full size, these tiny acorn triodes wark ot 500,000,000 cycles
and more. In the socket is a 6-volt tube; the other is a 1V2-volt type.

bias. This is purely an electronic control,
involving no mechanical parts, and therefore
it can be readily incorporated into an
electronic circuit. It is this automatic
volume control that permits you to tune
from a near-by 50,000-watt station to a
5,000-watt one in another city without
touching the manual volume control.

The 6SK7 differs from the 6K7 chiefly in
being provided with internal shielding and
having the control-grid lead come to a
prong in the base instead of to a grid cap.

Sharp-cutoff pentodes like the 6SJ7 and
6J7 are used in high-gain audio amplifiers,
detectors, oscillators, and D.C. amplifiers.
Frequently they are hooked up as triodes.

Heater rating is indicated by the figure
preceding the letter or letters in a tube
designation. For each heater voltage there
is, in general, a high-gain pentode like the
6J7, a supercontrol pentode corresponding
to the 6K7, a pentagrid converter similar to
the 6SAT or 6A8, a general-purpose triode
like the 6J5, a high-mu triode such as the
6F5, and a duplex-diode high-mu triode
equivalent to the GSQT7. There will also be
power-amplifier triodes corresponding to the
6A3 or 6ACS.

If a circuit diagram calls for a 6SJ7, a
little adjustment of resistance and con-
denser values will permit you to use a
6J7, a 6ACT, a 6C6, a 12J7, or any of
several other pentodes. A few 6-volt tubes,
however, and some of the battery-type
pentodes, have the suppressor grid con-



nected {o the cathode within the tube.
Usually 6S.J7 circuits call for this connec-
tion anyway: if the one in question does not,
internally-connected pentodes can't he used.

3oth pentodes and tetrodes can be used
as triodes. Simply connect the extra grid
or grids to the plate. Some tube handhooks
include data for using pentodes in triode
connection in resistance-coupled amplitiers.

Among the things vou cvnnot do is to use
a voltage amplitier (6SJ7) to replace a

Glow Lamp Demonstrates Cutoff Action

Extro sockets ccn be added. This chossis has one for testing 6SQ7's

Wirit this simple test circuit, you can
compare visually the plate current that is
passed by ditferent tubes at various grid
potentials, and you can also demonstrate the
utoft action of the tubes. An argon glow
lamp will serve satistactorily as the indicator
in the circuit. It is sensitive to a current
as small as .01 milliampere, and gives a
visible indication of changes in current trom
this value all the way up to 50 milliamperes.

Nt GLOW LAMP

power amplifier like the 6IX6, or vice versa.

The suffix “G" or “GT" indicates the tube
tyvpe designated in a glass envelope instead
of a metal one, the tube being otherwise
identical.

With the advent of multielectrode tuhes,
the four-prong socket gave way to others
until today the octal t(eight-prong) socket
is standard. Tt is wired ditferently for
various tubes. Diagrams always show socket
connections as seen from beneath the chassis.

of Various Tubes

Between .01 and .1 milli-
ampere, the character of
the glow changes: from .1
to 5 milliamperes the area
of glow increases: and
above 5 milliamperes the
brilliance of the glow in-
creases.

The circuit can be as-
sembled on an old radio
chassis. Three sockets are
used to facilitate the testing
of different tubes. If avail-
able, old sockets will do
satisfactorily, or three octal
sockets can be utilized by
wiring them as shown, the
unused terminals being dis-
regarded.

One 5.000-ohm tixed re-
sistor and two potentiom-
cters are required. The
5,000-ohm potentiometer
makes it possible to vary
the control-grid voltage,
while the other permits
variation of the screen-grid
voltage. The screens of
beam power tubes trequently operate at tull
plate-supply voltage, being connected direct-
ly to the plus side while the plate is con-
nected through the load. The switch shown
permits this hookup.

A voltmeter is optional. It will show ex-
actly whut grid bias is being applied. A
milliainmeter, ir available, may be used in
place of the urgon bulb for hetter compar-
ison of the plate current passed.—J. W, C.
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ADAPTING

AUTO RADIOS

TO HOME USE

Servicing Your Radio

7 ITH a few bhasic changes an automo-
W bile receiver can be adapted for use in
the home on standard house current. Some
of the parts do not work on 115-volt A.C,
but substitution of parts that will result in
conversion of the entire set.

First, get a new speaker--a permanent-
magnet type. Most automobile speakers use
a 6-volt D.C. field, and you will need one
that uses no current for the field. Merely
connect the voice coil to the leads that were
connected to the voice coil of the original
speaker. In some cases, a plug arrangement
may permit returning the set to the car.

The power supply must also be changed.
There are two types com-
monly used in auto re-
ceivers. For that employ-
ing a tube rectifier 1 Fig.
1), obtain a 110-volt pow-
er transformer that will
deliver 150 milliamp. at
250 to 350 volts and 6.3
volts for tuhe heaters. Use
the same rectifier, hooking
the high-voltage leads to
the two plates as shown.
These are the same con-
nections used for the old
transformer.

After this, remove the
input-line and ignition til-

ter and add an on-off switch to break the
115-volt A.C. circuit. Run the filaments of
the tubes from the 6.3-volt A.C. winding of
the transformer, hooking the transformer
lead to any convenient filament prongs in
the set and grounding the other end of the
transformer winding. The circuit is shown
in Fig. 2.

In an automobile receiver with a power
supply utilizing a synchronous-type vi-
brator, the high-voitage input comes from
the center tap of the car transformer. Use a
new power transformer with a center tap to
connect to the tilament ot an 80. 5Y3, 5Y4.
or similar-type rectitier tube, and use the
3-volt winding to drive the recti-
fier tilaments. This, of course.
requires the addition of a tube
and socket as well as the power
transformer.

A long antenna is not neces-
sary since automobile receivers
are made to operate on very
short whip antennas. A short
piece of wire about 20— will
serve very well. The speaker
may be mounted on the panel of
a cabinet or in any way suited
to its use. Insert the shut-off
switch, which should be a 110-
volt type, in onelead to the trans-
tormer primary.—G. O. SMITH.
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RADIO SERVICING

WEAK RADIO TUBES often show new signs of life when sub-
jected to the healing effects of heat. You may have noticed
that tubes that were relegated to the spare-parts shelf for a

“rest” worked perfectly a year or so later. Heat merely
speeds up this self-healing process. To reactivate tubes hav-
ing no detects other than low electron emission, place them in
a tray or shallow pan and bake them for four to tive hours in
an oven that is kept between 350 and 400 deg. F. Allow the
tubes to cool in the oven, and test them after they are cool.
Sonie tuhes will show no improvement until they have heen
in operation for a few hours. The process is usable only on
tubes with oxide-coated cathodes, but this class embraces
practically all modern receiving tubes. No tube can he suc-
cesstully reactivated more than once, so those so treated
should be plainly marked.—W. H. BLAN KMEYER.

FROZEN MUSIC used to
be a constant cold-weath-
er problem because our
automatic phonograph, lo-
cated next to an outside
wall, refused to warm up.
We gave our sluggish
turntable a hoost by
mounting a 5,000-ohm re-
sistor in a space between
the motor and record-
changer mechanism. A
separate cord and plug
assembly, which can he
removed in the spring,
connects with the 115-volt
line. The heat dissipated
by the resistor keeps the
phonograph at operating
temperature. Power con-
sumption, even under con-
tinuous operation, is less
than two kilowatt-hours a
month.—W. ALLPHIN.

SPAGHETTI with nail-pol-
ish ''sauce' doesn't make
a very appetizing dish, but
vour radio won't be able
to tell the difference. If
vou have trouble obtain-
ing spaghetti tubing, use
ordinary soda-pop straws.
After fitting the straw

TYPEWRITER~
RIBBON CAN

around the wire, cover it
with nail polish or shellac.
Be sure to apply the latter
generously around the

DIAL CORD won't snarl up in a
serviceman's kit if it is carried
in a dispenser such as that
shown above. Drill a hole about
1.” diameter in the upper part
of a tvpewriter-ribbon can and
cut a corresponding notch in the
lower piece. Cement a small
rubber patch over the hole, and
when the cement has dried,
punch a pinhole and draw the
cord through. The patch acts
to prevent the cord from slip-
ping bhack inside.——R.P. TURNER.

ends to prevent slipping.

BURNED FINGERS some-

times result when tubes
that have hecome uncom-
fortably hot are removed
or switched around. Rec-
tifiers, power-output tubes,
and high-current televi-
sion amplitiers such as the
6ACT7 shown often dissi-
pate enough watts to be-
come painful to the touch.
A pair of rubber finger-
tips of the sort used by
many bank tellers will
protect your fingers
against heat, and will pro-
vide a safe and sure grip
on the tube as well—G. S.
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"9 TUNING IN THOSE

Servicing Your Radio

LD radio receivers that can't be tuned

in clearly on stations at the high-fre-
quency end of the dial can be adjusted more
or less simply. How this is done is of partic-
ular interest because of the addition of stations
at this end of the dial when all frequencies
were changed not so long ago.

In making the adjustment, however, a com-
pensating loss is to be expected at the low-
frequency end. Those who prefer stations at
the low end of the dial may be better pleased,
therefore, to leave the adjustment as it is,
though in many casecs it is possible to get sat-
isfactory reception at both ends.

Usually the radio will have to be lifted from
the cabinet to make the adjustment. This is
done by first removing the tuning knobs and
then taking out the small bolts at the hottom.
Often the chassis will bear a label telling




OFF-THE-DIAL STATIONS

whether the circuit is superheterodyne or
tuned radio frequency (T.R.F.). These two
general types require slightly different treat-
ment, hut if you can't tind out which yours
is, handle it first as a superheterodyne.

The tuning condensers of many super-
heterodynes are located on the chassis in
the position shown in Fig. 1, and are shunted
with small trimmer condensers, indicated
by the two arrows marked 1. These trim-
mers are not always located on the main
tuning condenser, however. Some may be
placed underneath the chassis and can he
reached from the rear as indicated by the
two arrows in Fig. 2.

Mark on the trimmers the position of the
slot in the holding screw, and open one of
the screws a one-eighth turn (Fig. 3). Have
the antenna attached and the radio turned
on so any change in reception can be noted.
When the oscillator trimmer is opened up in

ly. Should this still not produce the desired
change, try bending the outside plates
(shown at 2 in Fig. 1) of the main tuning
condensers with a pair of long-nosed pliers,
as in Fig. 4. Make the test on one condenser
in the gang at a time.

When all these capacity-changing methods
fail, the value of one or more of the in-
ductances may be lowered in order to
achieve the desired result. Insert a 1/16” by
." by 4” piece of copper in the center of
any one of the inductances, as in Fig. 5,
while the main tuning gang condenser is
turned to its highest setting. At some defi-
nite point of insertion, the high-frequency
stations will begin to come in, and a little
tuning will sharpen them. Insertions may be
tried in all the inductances to determine
which produces the best results, after which
the copper piece can be attached permanent-
ly to the coil with a small screw or a drop of

this way, all stations on the dial will be

moved up several points. The
screw can then be turned back
slightly, or opened up still fur-
ther, until satisfactory recep-
tion of the high-frequency sta-
tions is obtained. Test stations
at hoth ends of the dial, and in-
sulate the handle of the screw-
driver so reception will be as
nearly as possible the same as
you will get when the set is re-
turned to the cahinet. If noth-
ing happens when the screw is
turned, the trimmer should be
closed up again by returning
the screw slot to its original
position, and the same opening
turn should tken he given to
the other trimmer screw. After
the adjustment has been com-
pleted, the trimmer should be
sealed with a drop of sealing
wax so vibration will not open
it further.

T.R.F. adjustment is a little
more complicated. Mark the
trimmers as betore, and open
them for a test one after the
other until the detector stage
is reached and the stations
shift on the dial as in the case
of the superheterodyne. If no
single trimmer causes this,
open the trimmers in groups of
two so as to cause a greater
capacity change, choosing any
two and opening them up equal-

sealing wax.-

—~TRACY DIERS.

Arrow on Control Knob Will Gauge Volume

A SMALL arrow painted
on the volume-control
knoh, as shown at right,
will enahle you to turn
the radio to nearly the
volume desired without
waiting for the tubes to
warm up. On occasion it
may also indicate a weak-
ening battery or other
loss of volume that might
not otherwise he noticed
until serious trouble oc-
curs.—BLANCHE PORTER.

GBI el

ARROW PAINTED ON
VOLUME-CONTROL KNORB

Clip on Lid of Portable Holds Radio Data

F:m*.'i:; 5'&
L a.-;'J ‘_‘» E o

Spack behind the lid or
door that protects control
knobs of some portable
radios can be utilized by
attaching a strip of
springy metal, hamboo,
or wood. Round the free
end of the clip so pro-
gram lists, other papers,
or hooklets will slip un-
der it easily, and mount
where it wen't interfere
with the knobs.  W. E. B.
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ELECTRONIC PRINT TIMER

practical

HOSE who go for canned fruit in a big

way, or can get a 1-gal. fruit can from a
boarding house, have a good photo accessory
at hand. Such a can is lighttight and just
the right size to hold this electronically con-
trolled contact printer.

Bend the opening into a rectangular shape
and mount a standard 3',” by 5 ” printing
frame as shown. A hinge between the frame
and pressure plate completes the photo-
graphic part of the joh. Chief components
of the timer are a 117L7GT vacuum tube, a
linear .5-meg. potentiometer with switch,
a double-pole, double-throw pushbutton
switch, and any fairly sensitive, normally
energized relay rated at around 10 milliamp.
and 2,000 to 3,000 ohms.

Mount and wire the parts as shown. To
calibrate the timer, turn the potentiometer
clockwise until you hear the snap of the

Any lighttight box can
be used for this timer,
but the fruit can is big
enaugh if the parts are
properly laid out. The
- drawing, right, shaws o

arrangement.

PRINTING

power switch. Both bulbs will light, but
after the tuhe starts to warm up it activates
the relay and cuts out the exposure light.
Allow a few more minutes for the tuhe to
get into proper operation, set the potenti-
ometer about half way, and press the push-
button switch for one second.

The exposure lamp should go on and then
turn off automatically. Using a stop watch,
time the length of exposure for various set-
tings. Kach time you get an even-second
exposure, scribe the position of the knob on
the can. The maximum time of this unit
is about 15 seconds; for a longer maximum,
increase the capacitance of C1 or the resist-
ance of the potentiometer.

By plugging the line cord of your enlarger
into the exposure-lamp socket, you can
make the timer keep watch over your larger
prints as well.—KARL GREIF.

.

SWITCH
—) (ON POTENTIOMETER)
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Servicing Your Radio

ESIDUAL or “field” hurm in a small

speaker is caused by ripple voltage on
the tield winding. In an automobile receiver
it comes from the transients on the field-
supply line caused by the v.brator in the
power supply. This hum cannot be filtered,
and although in some cases it may he pos-
sible to readjust the ‘hum-bucking” coil
that is wired in series with the voice coil, it
may be more convenient to smooth the field
ripple in the following manner:

Wind a nun:bher of turns of heavy, tinned
wire about the tield coil. The size of the
wire is not important except that it should
be as large as is convenient ro handle. Put
on as many turns as possible, being careful
not to break through the paper insulation
that covers the tield coil, as this may cause
a tield short, It is not necessary to insulate

Homemade Tuning Wand Helps

the auxiliary coil from the frame of the
speaker (Fig. 1). Solder the turns to-
gether, as shown in Fig. 2, thus creating an
effective single shorted turn (Fig. 3).

This shorted turn acts as a shading ring,
which decreases the inductance of the ftield
while increasing its reluctance. It behaves
similarly to a shorted turn in a power trans-
former and tends to resist the collapse of a
magnetic tield as the ripple current passes
through a cycle. This maintenance of a
constant field will reduce ripple hum, and
the lower the resistance of the shorted turn,
the less the fluctuation of the tield current
will be ohserved.

The method is not a cure-all, nor a substi-
tute for filtering. Although it works on an
automobile speaker as well as on a home
set, the effect is more noticeable on the
bench than when the speaker is back in the
car.—GEORGE O. SMITH,

in Aligning Receiver Oscillator

IN RECEIVERS where the oscillator and
R.F. coils are not readily accessible for in-
serting a tuning wand, a strip of photo-
graphic tilm, old pyralin dial, celluloid, or
similar material will serve handily. It
should be thin enough to pass between rotor
and stator plates without bending them.

When alignment is considered good, in-
sert the strip between the plates of the an-
tenna and R.F. section. If response increas-
es, the antenna and R.F. tuning is high, and
the padding condenser should be decreased.
Should response fall off immediately, insert
1, " of the strip in the oscillator section and
turn the gang condenser to full resonance.
If this gives more output, the oscillator tun-
ing is high, and the padder should be in-
creased slightly.—G. O. S.
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LOUDSPEAKER ADJUSTMENTS
Servieing Your Radio

N/ ANY radio owners will put

up with a certain amount of
distortion in their loudspeakers
rather than tackle a repair bhe-
cause they realizze how delicate
stiich work is. Loudspeakers have
air gapsofonly .005”, Ifcareisex-
ercised, however, a competent serv-
iceman or home mechanic should
be able to do an ecftective job.

The 1most common fault is
an oft-center cone. This usually
causes i fuzziness in the repro-
duction, especially when the vol-
wne is turned low. 'Fo recenter
the cone, obhtain colored-paper
shims at a radio store, or cut
shims from stiff paper such as
that used for calling cards.

Three strips are required for
proper centering, amd they are
placed at 120-deg. angles from
each other in the center of the
cone, as shown in the photograph
at top. The cone is loosened
slightly to receive them by means
of its centering screw and then is
retightened.

This centering screw is usually
behind the speaker magnet or in
front in the middle of the cone:
but if the speaker has no such
screw, the whole cone and voice-
coil assemDbly can he loosened by
applyving a ¢cement solvent or lac-
quer thinner to the cement hold-
ing the rim of the cone to the
frame of the speaker, as in one of
the photos. Usec the three shims
the samme way, and then cement
the cone back to the speaker
frame and let it dry thoroughly.

Many loudspeakers have a "pa-
pery’ sound that m:irs the repiro-
duction. This is sometimes caused
bv an off-center cone. but more
often it is due to an open seam in
a cone that has not heen pressed
or molded tfrom a single piece.
Cement in the seam dries out
after a time. and the loose edges
touch while the cone is vibrating,
thus causing the ubjectionable
sound. This trouble can be reme-
died easily hy putting new cement
in the open places along the seam.
Tears in a cone may be similarly
cemented, as shown in the hottom
photograph.
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Three poper shims ore inserted to center o loudspeaker cone

Loosen the cemznt ot the rim Paper centering shims of
of the frame to remove o cone different thicknesses can be
that hus no centering screw obtained in o small kit

Tears in o cone are easily mended by an application of cement
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Radio Circuit Tester Uses Headphones and Standard Parts

HIS simple test circuit will prove useful
to the student of electronics or the ex-
perimenter, and will often track down
trouble that can't be located by guesswork.
To check audio signals, use the A.C. input
leads with switch 1 at B and switch 2 at C.
For example, if distortion is to be loealized,
put the leads tirst across the plate and
cathode of an output tube, then across the
grid and cathode., If the signal is clear at
the grid but not at the plate. the distortion
is in that output stage or tube.

For radio-frequency tests, set switch 1 at
A and switch 2 at C. Place the prods on the
plate of the tube and the positive side of the
plate supply. The signal should be heard,
rectified by the crystal detector. Shift the
lead from the plate to the grid. If the signal

is not much weaker, the gain of the stage
is low and some defect exists.

For continuity tests, disregard switch 1
and set switch 2 at D. To test a fixed con-
denser, touch the prods to its terminals. A
click should be heard. Remove the prods,
wait a few seconds, and again apply them.
The click should he much weaker, showing
that the condenser has held the charge.

Coils, resistors, and tube filaments may
be tested on the same circuit. No click
means an open circuit. Tuning condensers
can be tested by first disconnecting the leads
to prevent shorting through other parts. No
click should be heard when the rotor is
turned. Never use the continuity leads on
a receiver unless the line cord or batteries
are disconnected. —WILLARD MOODY.

T-watt 2-watt 3-watt 10-watt
Ohins size fFize size size
100 10 14 17 30
200 14 20 21 15
300 17 24 30 55
500 22 31 38 70
700 26 38 15 3
1.000 30 45 55 100
2.000 145 65 140
5.000 70 100 125 225
7.000 85 120 115 265
8,000 90 125 155 280

PERMISSIBLE VOLTAGE DROP

WiHAT must be the rated capacity of a 10.000-ohm resistor across which the
voltage drop is to be 125 volts? The table below shows instantly that the per-
missible voltage drop across a 1l-watt, 10,000-ohm resistor is 100 volts, which is
too small. The drop across a 2-watt resistor may safely be 140 volts. A 2-watt
unit is therefore required. As another example, if a 500-ohm resistor rated at 3
watts is at hand, it may safely be used to create a potential drop of 38 volts or less,

POPULAR SCIENCE MONTHLY SHOP DATA

[ELECTRICAL]J

1-watt 2-watt  3-watt  10-watt
Ohms size size size size
10.000 100 140 170 310
20,000 110 200 245 415
30.000 170 245 300 550
40,000 200 280 345 2
50.000 235 310 385 )
70.000 265 375 160 -
100,000 310 450 550 i3
200,000 150 500 2 3
300,000 500 58 " 2
400,000 '5;2 &% f:
500,000 I 2
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MULTIPURPOSE TEST INSTRUMENT

B Tl A s> 1o o e T

RACING receiver troubles is a rou-

tine job with this multipurpose test-
er, for it has the “know how” to pick
out even carefully hidden sore spots in
most sets. Turning the selector switch
converts the gadget from a cathode-
follower type vacuum-tube voltmeter
with two voltage ranges to a very tricky
and equally useful sort of detector-and-
audio system: another flick and it be-
comes a simpie audio amplitier with
speaker.

Touch the grid-cap lead of the 6F5
tube to any point of any circuit carrying
amplitude modulation at audio frequen-
cies, and the speaker will tell whether
that modulation is clear or distorted.
Acting as an infinite-impedance detector,
the 6F5 adds very little capacitance and
almost noload to the circuit being tested.

Do you want to trace the I.F. signal?

The infinite-impedance detector can
pick it up anywhere down the line. It

is also quite capable of isolating audio dis-
tortion no matter at what stage it origi-
nates, from the output right back to the
antenna.

The fact that the tester can pick out mod-
ulation at the antenna stage itself permits
you to determine the frequency to which
the antenna stage is tuned independently of
the oscillator tuning.

Switching from an infinite-impedance de-
tector to a cathode-follower vacuum-tube
voltmeter, you have an extremely sensitive
instrument that can be used as an output
meter at power levels where the loading
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imposed by a standard meter would be ru-

inous. When no signal is applied to the
vacuum-tube voltma:ter circuit, the cathode
tends to bias itself upward to near cutoff,
due to plate-current flow through the cath-
ode resistor. If a positive signal is applied
to the grid of the 6F5, the tube is no longer
biased to cutoff, but the increase in plate-
current flow tends to cause a larger drop
across the cathode resistor, till the cathode
is again biased up to nearly match the grid
voltage. Since the cathode will always re-
main slightly negative with respect to the
grid, grid current never flows.



DOUBLES AS AUDIO AMPLIFIER

The filter arrangements R.-C, and R.-C.
hold the cathode at the highest voltage
attained during any voltage wave cycle, so

KEY TO MULTITESTER PARTS

the instrument becomes a peak-reading volt- (SRR TR SUT
meter. To obtain a root-mean-square volt- g o e 'i",'_\.,','.f,l).‘ﬂ?._‘i,'—, v,
age, vou will have to adjust the reading. For C- @ % mid, electrolytic, 200 v,
a sine wave, r.n.s. voltage equals 0.707 t 5‘"’}’:]‘“'.""' tiviea
times peak voltage. C., 210 il 25
Shunting the grid condenser of the 6F35 Co. 1afd

will cause the instrument to record D.C. V1 i

C

volts, the grid lead hecoming positive. g &-” “”d"”l(ll. ll.,o v.

Potentiometer R, is used to adjust the 32 10.000 ohins
milliameter to zero so that the initial plate ﬁ‘ < Do ;l;l.ltms
current that must fiow to bhias the cathode R. o Loy s
can he balanced out of the meter. Ro: 2.2 g,

To minimize grid emission in the 6F5, the Rl o e
heaters are operated at less-than-rated volt- Ro: 1 ey
age via the 5-volt tilament winding, and a VE' J0.000 alins, 10 watt
6X5 rectitier is employed in place of the s S e
usual rectitier circuit. It a 6X5 is not avail- Rix @ 25.000-0ht pot
able. but vou happen to have a 5Y3 or sim- g" ;J‘ll"'”.(; - 3 walt
ilar tube, the 5-volt transformer winding To - 350-volt. H0-1ua. power trans.
can bhe diverted to its use. In this case, T : NAOD-olun output trans.
insert a 5-ohm resistor in series with the Li @ W0-benry tilter ¢huke
6.3-volt tap and the 6F5 tilament.

SHIELDED CABLE-»;" * 1T >3 Fi
|

L

L3

>
né

cLIP
GROUNDED

Cio

Oo—
I ’

AAA

6.3v |—>T0 ALL TUBE HEATERS EXCEPT 6F5S
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Listen in on
the hams with this

[0-METER BAN
RECEIVER

By Clinton Clark

EN-METER phone reception and trans-
mission have long been popular with
radio hams because this channel is good for
both long-distance and local communication.
When the end of the war made it possible
for communications authorities to turn on the
green light, amateurs all over the world re-
opened ten-metev transmitters, and lost little
time in contacting old friends, far and near.
It you tune in tonight, there’s a good
chance that you can pick up Algeria, Eng-
land, or the Philippines. Yes—vou can tune
in tonight, for this receiver, reduced to bare
essentials, will take very little of vour time to
build. It is intended to open the door of a
fascinating spectrum to the beginner, and
invites experimentation on other short-wave
bands through the use of easily made, inter-
changeable coils.

First step in construction is the base
which, in this case, is a %#” by 7” by 77 pine
board, sanded and coated with clear varnish.
Details of the condenser-tube-coil assembly
are not critical, but the lavout illustrated in
the photographs is suggested because it al-
lows for short connections. Low-loss insula-
tion and direct wiring are very important
in all high-frequency circuits.

The tube upright is a 27 by 4” strip of
composition board. Bore a 1% hole to take a
five-prong ceramic tube socket. Another
piece of composition hoard, 37 by 5%”, is
used as an upright for the coil-and-condenser
assembly. In the center of this panel mount
a midget 153-mmfd. tuning condenser. Bolt a
1 strip of bakelite or other low-loss material
to the edge of the upright, and drill three
holes for tip jacks. When fastened into
place, these jacks form a socket for the coil
ends and tap.

Arrange the two uprights at a 90-deg.
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Fewer than o dozen electrical parts went

into this short-wave receiver. It takes very
little spoce, although no special attempt
was made to keep it compact.

Skip-distance effects are very marked
on the 10-meter band. Don't be sur-
prised if your set pulls in stations
5,000 miles away more readily than
those only 500 miles from you.

angle to each other by screwing them to a
squarc  wooden subbase. This is later
screwed to the larger base. Now make the
short conuections from the coil terminals to
the condenser and tube socket. Attach the
radio-frequency choke to the smaller square.
The choke may be purchased, or hand
wound on a %7 dowel. 1f you prefer the lat-
ter, drill a %” hole in the subbase to receive
the dowel, and wind it with 100 turns of No.
34 D.S.C. wire.

For the front panel, a 7”7 square of compo-
sition board is screwed to the base. Drill
holes for the dial, switch. antenna binding
post, and phone jacks. Make sure that the
hole for the dial is aligned with the con-
denser shaft. Since approximately 37 is al-
lowed between the front panel and the con-
denser subpanel. a coupling will probably be
needed to connect the knob and the con-
denser. The distance, plus a fiber or plastic
coupling shaft, helps to prevent the intro-
duction of hand capacitance,



ANTENNA

3 MEG.

wind 30 turns of

To make the coil, L1,

No. 14 solid copper wire on a %7 form.
When the forin is removed, vou have a self-
supporting, low-loss coil. Solder the coil
ends into phone tips to fit the jucks used as
sockets on the subpanel. The tap may be of
flexible wire soldered approximately a guar-
ter of the distance from the plate end of the
coil. Phone tips and jacks make a good coil-
mounting combination; a dozen or so tips
cost but a few cents, and will enable von to
make additional coils for trial on other
bands. Some experimentation may be neces-
suarv to locate the best spot tor the tap, be-
cause of the individual characteristics of
many high-frequency clements.

A type 37 tube is used, requiring a G-volt
A.C. or D.C. filament supply. 1f it is more
convenient to operate the heater off a 2%-volt
supply, substitute a type 27 tube.

When wiring is completed. apply  the
filument voltage. then turn on the switch in
the plate circuit. Either a 90 or 135-volt B

supply may be used. the higher voltage, of
course, providing greater output.

A loud, hissing noise, characteristic of all
superregencritive receivers, should be heard
in the carphones.  As a station is tuned in,
this hiss will be blocked out or recede into
the backeround.

A good high-frequency antenna is recom-
mended for bhest results, It may be conpled
into the circuit by placing two turns of stiff,
insulated wire near the grid end of the tun-
ing coil, as shown. Alternatively, a hairpin
loop ol wire from the antemma binding post
mav be inserted directly into the grid end
of the coil.

For convenience, the battery connections
are grouped in a single terminal strip, iltus-
trated in the photograph at the upper left
but omitted from the diagram.

Best reception on the ten-meter band can
be expected during davlight hours. It s,
however, subject to strong interference due
to scasonal and atmospheric changes.

%



Short-Wave
Converter
Brings i
the World

Operated with your regular broadcast
receiver, this one-tuber will cover
the major foreign wavelengths.

By S. T. Van Esen, W20XD

ONDON is calling. Lima, Svdney, and
Johannesburg, are on the air too. There’s
a wealth of news, information, and enter-
tainment pouring out of foreign skies, just
waiting for you to listen in. If you've been
wanting to do just that but have hesitated
because of the difficulty of building a short-
wave receiver {rom scratch, here is vour
answer. It’s as simple as one tube and a few
coils. The rest is already built into your
regular radio.

A superheterodyne will give best results,
but most radios are of this type. These as
well as most other kinds of receivers have
ceverything you need for short-wave recep-
tion except that their antenma circuits are
designed for a lower {requency. All you have
to do is change the short waves into longer
ones that can be detected by the hroadcast
receiver,

A converter that will do this job consists
of a single tube of the pentagrid type oper-
ated in conjunction with suitable coils and
capacitors. Two things should be noted
about this tube: first, it is actually two tubes
in one, and second, it has five grids. For
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Standing on end, the chassis becomes the front
panel. The larger knob governs the oscillator
condenser; the small one the mixer. Finish is
obtained by drawing steel wool along a rule.

simplicity, only three of them are shown in
the diagram; the suppressor and one of the
sereen grids are omitted since their connec-
tions are made internallv,

One section of this tube is called the
“mixer” because the incoming or short-wave
signal applied to its grid or input circuit is
changed to broadcast frequency in the plate
or output circuit. The other section, the
“oscillator,” may be visualized as a miniature
transmitter. It produces a signal voltage of
its own that is applied to the mixer circuit
simultaneously with the desired short-wave
signal.

Now let us say that the broadcast receiver
is tuned to 1,500 ke. (1.5 me.). We will
then want the mixer to operate only at this
frequency—that is, we want it to convert
every short-wave signal within its range to
1,500 ke. To do this the oscillator must be
tuned 1,500 ke. higher or lower than the
incoming programs. For example, to get a
foreign station broadcasting on the 6 mec.
channel, we tune the oscillator to 6 plus 1.5,
or 7.3 me. By combining or “beating” the
two signals together, we obtain the 1.5 me.



TO SHORT-WAVE ANT.

TO BROADCAST RECEIVER

Wil sockets and the oscillator capacitor are
raised from the chassis by insulated spacers.
Solder all leads that go hencath these parts
before vou actually fasten them into position.

difference that can then be applied directls
to the mput circuit of the broadeast receiver.

In this converter the eritical tuning is done
by the oscillator capacitor, C2. As we rotate
the dial through its range of frequencies, any
signal that is lower than the oscillator setting
by exactlv 1.5 me. will be heard in the loud-
speaker of the broadcast receiver. Strictly
speaking, “image” signals exactly 1.5 me.
higher should also be heard, but since the
mixer tuned circuits are adjusted for best
response to the lower frequency, the latter
will probubly come in much stronger.

A 27 by 77 by 77 aluminum chassis dou-
bles as the front panel. Aluminum is a good
choice because it can be worked without
special tools. If reasonable care is taken to
keep trom scratching the tace. it will be pos-
sible to apply an attractive cross-grain finish
by pulling a small wad of steel wool against
a straichtedize.

Sockets for the three plug-in coils are
mounted 157 off the chassis. Common cera-
mic stand-oft insulators 17 long were used.
(They are %7 in diammeter and tapped at
both ends for 6-32 machine screws.) The

a"_. = .
L L
[f a sepurate power supply is used, the (mlw
connections to the receiver will be those for
antenna and ground.  Alternativelv. plate and
filument voltages can be tapped off an AC set.

xtra spaeing was  obtained by adding
lengths of 4" aluminum tubing to the end
of cach insnlator,

Because the tvpe of vernier dial used has
a protruding hub, the main nseillator tuning
condenser also had to be spaced away from
the chassis. Ceramic insulators were used
here too with a metal strip bridged across
them to support and ground the rotor. De-
tails of this construction are shown in the
closcup photo on page 100, The holes
through which this bridge strip is fastened
to the insulators are slightly elongated so
that the tuning shaft can be aligned, and a
flexible coupling is used to link it to the
dial hub.

The tube socket. mounted to hold the
6BE6 horizontally, has a metal ring that
allows it to be attached to one of the cerumic
supports by means of a 6-32 spade bolt. A
midget variable capacitor, used to tune the
output coil, is placed directly beneath the
coil socket. [If there is not enough clearance
between socket and capacitor, use longer
aluminum spacers. Bear in mind that while
the capacitor mounts directly on the chassis,
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Ceramie insulators, bridged by a metal strip,
hold the oscillator condenser off the chassis.
The midget tuning capacitor, C3, may be seen
at the right, under the output-coil socket.

it has a high voltage at both ends and
thercfore must be electrically separated from
the chassis. Mounting inserts are insulated,
and the hole through which the shaft pro-
jects must give adequate clearance.

Input and output signal leads are brought
to a terminal strip on the rear top edge of
the chassis; power connections center in an-
other block at the lower edge. Power for the
converter can readily be taken from most
AC receivers, but where proper voltages are
not available (on some AC and all AC-DC
sets) it is advisable to construct a separate
power supply. This will have the additional
advantage of making the unit completely
self-contained.

The photo of the power supply shows
how the long bolts that hold the transformer-
core luminations are used to support an
aluminum panel upon which the rectifier
tube (6 X 4), the filter capacitor, and the
filter resistor are mounted. The switch conld
have been mounted here rather than on the
converter, but the arrungement shown was
found more convenient in use, and it also
lessens the danger of shock by making it
unnecessary to handle the high-voltage sup-
ply once it is connected.

While considerable leeway is possible in
the wrrangement of wiring and components,
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LIST OF PARTS

Cl1, C2: IM0-mmf. variable capacitor
(Hammarlund type MC-140M).

C3: 753-munf. midget variable (Hammar-
hmd type APC-75).

C4: 50-mmf. midget mica.

C5: .01-mfd., 400-volt paper.

CG: 18-18 mfd., 450-volt dual electrolvtic.
R1: 20,000-0lim, %-watt carbon.

R2: 30,000-ohm, 10-watt wire-wound.
S1: SPST toggle.

Tl: power trans., primarv: 113 volts;
secondary: 700 volts (at 30 ma.) cen-
tertapped, and 6 voits (at 2 amp.).

Coil forms (3) 5-prong, 14”-dia. poly-
styrene (Amphenol type 24-5P).

Coil sockets (3) 5-prong.

Tubes, 7-prong miniature sockets, chassis,
knof)s, misc. hardware.

the coils must be as specified if proper re-
sults are to be obtained. They are worked
out so that, when tuned with the capacitors
specified, they will operate properly over a
frequency band ranging from approximately
6 to 16 mc.

Connect the antenna terminal of the
broadcast receiver to the converter; if no
ground conneetion is provided on the re-
ceiver, wire the other end of the output-coil
secondary to the chassis of the receiver
through a .0I-mfd. condenser. Remember
that on some sets the chassis is “hot.” Now
sct the dial of the Dbroadcast receiver to
1,500 ke. If you get interference at this
point, turn the dial slightly (toward the
high-frequency end, if possible) until you
have tuned out the interfering station.

For good long-distance reception, an out-
door antenna about 40’ long should be used,
although in actnal tests this converter gave
good results with a short indoor aerial. Con-
ncet it to the proper input post, leaving the
ground lead open for the moment. Turn on
the power for both sets and adjust the re-
ceiver volume control for maximum gain.
Starting at the lowest frequency on the oscil-
Tator dial (plates completely in mesh), slow-
Iy rotate the knob until some signal is heard.
It doesn’t make any difference what the
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signal is so long as it is steady enough so
that you can use it to peuk the converter.

With a fiber wand, carefully rotate the
midget capacitor C3 until the signal reaches
maximum strength. Now yotate the mixer
control, CI, until the test signal is again
brought to maximum. The ground lug adja-
cent to the antenna input terminal should
now be touched to the chassis to see whether
this increases volume; it it does, make a
permanent connection.

Once these preliminary adjustments have
bheen made, do not touch C3 or the dial of
the broadcast receiver. Change stations by
rotating the oscillator capacitor, and then
peak the signal by careful adjustment of the
mixer control.

Image signals may cause the converter to
bring in the same station at two different
settings of the oscillutor dial. To tell which
is the correct position, look at the plates
of the oscillator and mixer cupacitors. They
should be in or out of mesh to about the
same extent.  However there’s no harm
done if you peak up on an image rather than
a true signal except that dial settings will
be out of proper sequence.

The range of the converter includes a
majority of the international broadeast bands
as well as many amateur transmissions.

OUTPUT

Schematic  diagram  shows
how to wire the simple one-
tube converter and its power
supply. If possible, follow the
arts layout shown in photos,
Eeeping all signal leads short.

Coils are eritical. Make sure
that the forms are the right
¥ size and that wire and number
of turns are exactly as speci-
' fied. They are calculated to
cover the 6 to 16 me. bands.
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BOTTOM VIEW OF FORM

MIXER COIL
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BOTTOM VIEW OF FORM

OSCILLATOR COIL

|
BOTTOM VIEW OF FORM
OUTPUT COIL I
—
COIL DATA

ANl tumms close wound with plain cnameled |
capper wire; sizes as given below,
Mixer Coil:

A: 3 uwuns. No. 18.

B: 11 turns, Na. 18.
Osciltator Cofl:

C: 10 1ums, No. 18; tap 1 complete turn
up from boltom cnd.
Output Coil:

D: 5 tums, No. 26.

I2: 87 turs, No. 26. l

It



To check the frequency of your signal, separate your receiver and transmitter, and listen in on yourself.

GET STARTED IN HAM RADIO WITH THIS

Midget 80-Meter Code Transmitter

By CLINTON E. CLARK

RADIO “station” hardly bigger than a

shoe box is an ideal rig in many respects.
1f you've just obtained your license, you can
use it to get on the air at the cost of a few
dollars and even tewer hours. On the other
hand, if vou’re an old timer operating a
more elaborate phone transmitter, here’s a
quick and inexpensive way to renew your
acquaintance with the fast-fingered hams
who keep the code bands clicking.

Despite its size, this transmitter is capable
of real performance. Just bear in mind that
the 80-meter band is crowded with high-
powered outfits, so youll have the best
chance of getting through during the rela-
tively quiet hours.

For the basebourd, tuke a piece of 4" by
5” by 77 wood and center the tube socket
and six-prong crystal holder on a line 2%”
from the rear. Raise the socket on %” sleeves
or small insulators, and drill a %” hole under
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it to pass the filament and cathode wires.
Fasten a six-lug terminal strip along the rear
edge of the wood.

To make the plate coil, L3, wind 38 turns
of No. 20 D.C.C. wire on a 27 dia. form,
spacing the turns to a length of 3”. This coil
is center tapped, as indicated in the diagram,
and has a two-turn coupling coil wound over
it. The antenna coil, L4, is made in the
same way except for the omission of the cen-
ter tap. Mount the plate coil alongside the
tube socket on a pair of standoff insulators.

The antenna tuning unit is the electrical
counterpart ot the coil-condenser cireuit in
the transmitter. Front and rear panels are
made of %” by 6” by 6” composition board
separated by %7 dowels 3” long.

When the wiring is completed, connect
the transmitter to a power supply capable of
delivering 230 to 300 volts to the plate, and
6.3 volts to the filament. Shunt a 0-to-200
milliammeter across the keyving circuit as
shown in the diagram, and, with the tube



lit, apply plate power by closing the key.
The meter needle should rise sharply, but as
the plate circuit is tuned to the operating
frequency of the crystal, the meter will
register a downward dip.

The next step is commonly called “Toading
the antenna.” Comneet twisted lamp cord
between terminals -1 of the transmitter and
antenma unit. hook up the antenna and
ground, and rotate the antenna-taning con-
denser. With the kev closed. the meter
needle will rise when the anteima is in res-
onance with the trausmitter. After loading
the anten, it ds sometimes neeessary to
retine  the transmitter  shightlv.  Another
method is shown at the rvight. The bulb
shondd be Drightest when the transuiitter
is thned to resomance, bhut the lisht de-
creases as the antemn is closed.

o]

An alternative antenna-tuning methad consists of
connecting o laop of wire to a neon or Christmos-
tree bulb, and holding the loop near either end of
the plate coil. Energy in the coil lights the bulb.

r'——‘— €6' OR 132" T
ANTENNAJ L1IST OF PARTS
C1, C2: 140t vari-
able aomdensers
TNT. C3. C1: 006 nld.. 600
H8 crvstaL =2 s oIt
| ;: B R1: 30000lhms, 1O
s g7 Ci | C2 watts,
= \ L1, 1L2: 23-mh. R.F.
] chokes,
LS 1.3: 38 tumns Na. 20
L2 LAMP CORD "= D.C.C owonnd., 27 dia.,
- 37 long, ¢conter tapped.
Cy4 = Lt: 38 tmms Noo 20
) T ‘] T S B+ D.C.C. wound 27 dia.,
j X 37 lone,
o~ C3| Ouarlz envstal for 3.300-
B~ to 3.900-ke. hinud.
O | i—i Kev, TN7 e, insnla-
6.3 VOLTS — Ry KEY i tors, sochets, cte.
AC.ORDC = S -

Legs for the transmitter are formed by twa

metal angles in
back, and the bottam of the panel in front. The two stand-
off insulators at the far left support the link-coupling
coil, which is made of two turns of insulated wire around
the center af the plate coil. Underneath the baseboard,
mount the two R.F. chokes, the two by-pass condensers, and
the §,000-ohm cathade resistar, as shawn ot the right.
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Two-Meter Handie Talkie

ADD THIS PORTABLE TRANSCEIVER TO YOUR LICENSED EQUIPMENT

By Harry R. Hyder

UI\'DER favorable conditions, a range of
up to 30 miles is possible with this
compact, self-contained transceiver, modeled
on the handie talkie of the armed forces. It
is designed for use on the new 144—148-me.
amateur band, and, in common with all high-
and ultrahigh-frequency apparatus, its effec-
tive range depends on altitude. The farther
the horizon, the greater the distance vou can
cover. But the power is all there—packed
into a 3” by 6” by 9” case. Licensed ama-
teurs will find this portable rig a handy
addition to their present stations.

The cireuit itsclf is simple; a 958A acts as
a detector when receiving, and an oscillator
when transmitting, and a 3Q4 doubles as an
amplifier and a modulator in the same order.
A single dry cell constitutes the filament sup-
ply of both tubes. For reliable operation on
very-high frequencies, the familiar ultrau-
dion detector-oscillator circuit is used.

Lead lengths are particularly important
on these frequencies; in the oscillator, the
terminals of one component are soldered di-
rectly to the terminals of another. The an-
tenna is capacitively coupled to the grid end
of the oscillator tank coil.

It is important that the stator of the tun-
ing condenser go dircetly to the plate of the
958A, and the rotor to the grid, since the
ultraudion oscillator depends for its feed-
back on the ratio of plate-to-filament and
grid-to-filament capacities. With the con-
denser connected as shown, these capacities
are just about right. All but one rotor and
one stator plate were removed from a midget
G-plate 15-mmf. tuning condenser. The con-
denser and the acorn-tube socket are spaced
from the chassis on %” ceramnic pillars, and
the shaft of the condenser is joined to the
dial by a flexible coupling.

To make the two chokes (L2, L3) shown
in the oscillator circuit, wind 25 turns of
No. 22 enameled wire on 5-megohm, 1-watt
resistors, and solder the ends of the wire to
the resistor pigtails. Coat the coils with cel-
lulose cement. For the oscillator coil (L1),
wind 6 turns of No. 18 tinned wire to %~
inside diameter, spacing them to a total
length of %”. A transceiver transformer of
the “microphone and plate-to-grid” tyvpe is
used to couple the detector-oscillator to the
amplifier-modulator.

Bias for the 3Q4 is supplied by a 350-chm
resistor in the negative B return; this re-
duces the total plate potential to 85 volts,

7 The complete transceiver, left, can be
carried about conveniently. Careful
placement of the parts is important both
for compactness and to keep leads short.




but does away with the C bat-
tery; the filaments of the tubes are
wired for 1.4-volt operation. Place
a small shield over the tube to
reduce R.F. pickup from the tank
coil.

In transmitting, only the pri-
mary of the speaker output trans-
former is used, while in receiving
halt the primary is used, and the
2,000-ohm phone is connected to
the voice-coil winding. This isn’t
good matching, but since the gain
and output of the 3Q+4 are rather
high, enough power is delivered
to the phones to give comtortable
volume,

Current for the microphone is
taken from a 1.3-volt drv-cell A
batterv. The handset contains a
200-ohm carbon microphone in
addition to the 2,000-ohm receiv-
er. A three-way juack on the front
panel takes the matching plug on
the handset.

Part sizes must be kept to a
minimum if the entire assembly is
to fit properlv into the container
used for this model. Two 43-volt B bat-
teries and a small 1%-volt A cell make a
compact package, as can be seen in the
right-hand photo on page 104, A 4-prong
plug and socket assembly is used to connect
the batteries to the set terminals, and facili-
tates removal of the batteries for checking

Brass spacers %" long are used to separate the chassis
from the front panel. Both switches are mounted directly
The tuning condenser is built on <

on the panel.
ceramic plate and spaced off on 2" pillars.

Try to get above nearby buildings when operating in a city.

and replacement. Serew four small rubber
bumpers to the bottom of the can, and place
over them a 3 bv 6” sheet of & composi-
tion board with holes drilled in the corners
to clear the bumpers. This board serves as
a floor under the batteries.

Mount the chassis, inverted, at the top of
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the front panel, spacing it from the panel
with %” brass collars. The screw for the an-
tenna insulator projects through the hole at
the top of the case. Two cxtra-length screws
were used in mounting the transtormers;
these come out through holes drilled in the
back cover. Resting in the holes, these
screws help take up the weight of the
chassis. Since it is not always possible to
obtain the right part in the right size, vou
may find it preferable to wait until you have
the entire unit assembled before determin-
ing the dimensions of the case.

A 277 length of 3/16” hrass tubing is
used for the antenna. Tap one end to fit
the antenna insulator screw; this will proba-
bly require a 6-32 tap. While this holds the
antenna in place, it does not provide much
protection against vibration and movement.
This deficiency cun be corrected by bolting
a 1” ceramic standoft insulator directly over
the antenna clearance hole, and drilling out
the core of the insulator to a diameter that
will make it a close-fitting sleeve around
the antenna rod.

If the transceiver has been wired correct-
ly, it should work without additional adjust-
ments. A rushing noise will be heard when
the handset is plngged in and the change-
over switch is turned to “receive” position.
Rotate the dial slowly, and listen for signals.
If the rushing stops at anv point on the
dial, the antenna is probably coupled too
tightly, and the capacity of the coupling
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Most of the leads are brought around to the under
side of the chassis, which becomes the top when the
set is fitted in ploce. The antenna jack protrudes
straight upward through the top of the case.

condenser, Cl, should be reduced to the
point where smooth superregeneration is
obtained over the entire band. This is im-
portant in transmitting as well as in re-
ceiving.

The 144-148-mc. band covers about 25
divisions on the dial. Most of the stations
operating on these frequencies are broad,
modulated oscillators, and extremely sharp
tuning is therefore unnecessary. If the band
is not gnite centered on the dial, compress
or expand the tank coil until it is.

For easy portability, bolt a handle to the
top of the case. Center the handle as nearly
as possible, allowing clearance for the fingers
around the antenna insulator.

LIST OF PARTS

C1l: 1.5 to 7 mmf. ceramic trimmer.

C2: modified 15-mmf. midget tuning cond., 017"
air gap. See text.

C3: 50-mmf. mica.

C4: .003-mfd. mica.

C5: 20-mfd., 25-volt dry electrolvtic.

R1: 20,000-chm, Y%-watt carbon,

R2: 4.7-meg., Y4-watt carbon.

R3: 470.000-chm, Yj-watt carbon.

R4: 350-ohm, ¥%:.-watt carbon.

T1: Single-button microphone and plate-to-grid
transformer.

T2: Universal speaker output transformer.

S1: Four-pole, two-position rotary switch.

S$2: D.P.S.T. toggle switch.

]: Three-way jack.

L1: Tank coil. See text.

L2, L3: R.-1. chokes. See text.

Handset, 200-chm carbon microplhione and 2,000-
ohm receiver.

Tubes, sockets, insulators, misc. accessories.




VMost radio breakdowns are due 10 the failure of some one
part. Here are some simple tests to help vou find the trouble.

By Frank Tobin ne thing | 1 A
’l HERE'S enving th ich t th \
1 ! A
dls £ a n g on icy 1 e { \ I e juickhy
1t This d snt mean t vou
3 I v tha
5 \i r friend
verwt {
Nine separate servicing tests ai ble witl Coemplete pockel laboratory. E
the parts cran ] ] 1 I 0nes t r A




L SIGNAL GENERATOR 2. RE S19TOR -ANO COIL TEST

-

3. SPEAKER TEST

4 HUN RS

1 MFD.

CRYSTAL

PHONES

FINAL » PROD
R.F.ORILF. [
AMPLIFYING
TUBE
EECE:EK
§ - ASSIS
i . To o+ — -

RF test No. 5 connects a crystal detector to
the RF or IF plate. The circuit is shown above.

tory” shown in these photos cost only a few
dollars to build. It is simply a collection of
inexpensive parts that combine in one unit
the various test setups shown in the dia-
grams across the top of these pages. Each
test is complete in itself and requires only
the parts indicated by the individual draw-
ing.

For example, to inject an audible signal

IN3Q
CRYSTAL

BATTERY

USED FOR —
SELECTING TEST

into a radio receiver, you need only a small
buzzer, a battery, a .05-mtd. paper condens-
er, and a test prod. Put the prod on the
grid pin of a tube—starting with the output
stage and working back. If the signal is
heard in the loudspeuaker, you know that
the stage being tested (and all those follow-
ing it) are working. When it stops being
heard, you have probably found the of-
fending stage.

With the complete pocket laboratory you
can carry this test one step further. The
table describes the first part. To this setup
add a pair of headphones by plugging them
in at Jacks D and E, and another set of test
prods at jacks C and F. With prod A on the
grid of an audio tube (or the plate of the
detector), prod C on the plate of the same
tube (or the grid of the following one) and
prod F grounded to chassis, you should be
able to pick up the signal in the phones.
Note, however, that it applies only to de-
tector and audio tubes,

Common sense enters the picture in help-
ing you select the order of the tests and de-

SIGNAL GENERATOR

TO SET BEING
TESTED

+

SPST
SWITCH

© USED FOR SHORTING
CUT PHONES

2 PLuG?2

An octal tube socket is used for pin connections; jacks A to F are set in front of panel.
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ciding which ones will be useful. If a set,
for example, is not working at all and the
tubes don’t light up, the signal-generator
test simply doesn’t applv. In an AC-DC re-
ceiver, there’s a good likelihood that these
symptoms point to a burnt-out tube heater.
Filaments are connected in series in sets of
this kind, and when one goes the whole set
staps working. Where a tube lailure is sus-
pected, check the filaments first. For this
use test 2 or 6. Both are continuity tests
but the foriner will register (bv a click in the

The latter gives an indication (lighting up
the pilot lamp) only if there is comparative-
ly little resistance. If test 6 fails to indicate,
alwavs try test 2 betore discarding a tube
as burned out. The low-resistance test is
also useful for straight continuity checks,
while test 2 is invaluable for revealing open
circuits across coils and resistors,

If the tubes light up but the sct fails to
play, there are a number of things to con-
sider. An ordinary neon tester will tell vou
whether B-plus voltage is getting through

headphones) even across a high resistance.

from the rectifier. Use it carclully

to avoid

HOW TO USE THE POCKET LABORATORY
TEST PLUGS JACKS APPLICATION St |82
1 M . Test prod in | Signal-generator buzz is heard in
Plugs not used Jack A speaker if tested stage is eperating. ¢ On
Plug 1 in Pin | Phones in Jacks | Resistor and coil test. Click in phones
9 2; Plug 2 not | D and E: prods | indicates continuity threugh c¢oil or|] a [Of
4 k] Lol . l -
used in B and C resistor,
Plug 1 in P’in Speaker test used when no sound is
3 3; Plug 2 not |Same as above [ heard and speaker, output tube, or b |0
used tran~former is suspected. (See text.)
Pluz 1 in Pin Test prods in | Where hum or whistling is caused by | a
4 4 l’;ll  2inD Jacks B (=) and | defective filter condenser, placing prods | or  |Off
» TIUER C (+) across suspected unit diminishes hum. | b
Plug 1 in Pin [Phonesin D and | Touch Prod B to plate of RF or IF
[ 4 K N . N I .
2 5; Plug 2 not |E; prods in B |tube, and C to chassis, If these stages | b |Off
used and C work, phones give reception.
Plug 1 in Pin [Test prods in | Continuity test; may also be used for " Either
6 6:Plug2inD |Band C cheeking burnt-out tube filaments.
. . . ‘harge large eleetr ies with S1 4
Plug 1 in Pin |Phonesin D and ("hdl ge fa g’( ,l rl('l.olym: “HIh' 7]. Bl a
7 2: Plug 2 not |E; prods in B | throw 1o b and tap ene prod against | o e
ey - and G terminal. Phones should click as con-
o £ denser discharges. (See text.)
. | Touch prods across terminals of sus-
) s P .
8 ;lulfl 1 fzni'l‘ ll')l ’Il;ef:‘dpéodb M ected paper condenser. If condenser b |OR
sILIug j is faulty, operation should improve.
Test prods in JSame as No. 8, but for mica and cer-
N | s Same a . 8, 4 a orfp.
9 Plugs not used 1" 4 'F amic condensers. p |Either

109



The pocket luboratory quickly tracked down
the fault in this receiver. Used for stage-by-
stage checking, it’s a valnable service tool.

shocks. Put one terminal on the chassis or
ground and the other on a screen-grid or
plate pin of a tube. if the neon lamp glows,
the voltage is probably adequate.

But let us assume that vou are getting the
necessary voltage and none of the tubes is
burned out. This could suggest that the re-
ceiver itself is functioning but that the speak-
er or output transformer isn’t, Test 3 will
tell vou whether this is so. Touch one test
prod to the plate of the output tube and the
other to chassis and see if vou can pick up
a signal in the earphones. If vou do, look
for speaker trouble. It may be an open
winding in the transformer or voice coil, in
which case the defective unit will have to
be replaced. The same test can be used at
the plate of the detector tube. Should vou
get no signal in the phones, the trouble prob-
ably lies further back in the circuit. Use the
signal-generator test, working back from the
output until the faultv stage shows up.

Or vou can start from the “front end” of
the receiver with RF test No, 5. This test,
in effect, constitutes an untimed ervstal set.
By adding it to the tuned RF portion of a
set vou can get headphone reception, pro-
vided the RIF cirenits are operating,

Hum in a receiver is frequently caused by
a faulty electrolvtic condenser in the filter
circuit or in the cathode-bias of a tube. Test
4 puts an 8-mid. electrolvtic in parallel with
the suspected condenser. 1f hum is reduced,
the condenser in the set should be replaced.
Observe polarity in making the test. Prod C
goes to the positive side of the electrolytic
and prod B goes to the negative side or
chassis.

When vou suspect a paper condenser of
being shorted, muke continuity test No, 6.
If the pilot lamp glows, double-check by

unsoldering one lead of the condenser and
repeating the test on it alone. With one lead
open, use test § to put & good condenser in
the circuit,

Test 7 applies to the larger electrolvtics
used in filter circuits. The index of a good
electrolytic is its abilitv to store a charge.
With the set turned off put prods B and C
across the condenser, observing polarity.
Throw 81 to position « to put the battery in
series with the condenser. Change S1 to
position b, then lift either one of the prods
for a fraction of a second. This is almost a
rubbing or a tapping motion. As the stored
charge leaks off, vou should hear rapidlv
diminishing clicks in the headphones. With
smaller electrolvtics the 4%-volt hattery won't
store enough of a charge to click the phones.

There are some additional rule-of-thumb
tests you can make when vou want to find
out the condition of a condenser. Thesc are
based on the observation that when vou put
a good condenser in parallel with a bad one.
part of the trouble caused bv the defective
unit should clear up. A leakv or open con-
denser (as distinct from one that is shorted)
mav cause loss of volume, distortion, or other
symptoms. Tests 4, 8, and 9 are substitution
tests for electrolytic, paper, and mica con-
densers respectively. They put a condenser
that is known to be good across one that is
suspected. If the suspicion is correct, the
test should produce a marked improvement
in set performance. Replace the faulty unit.

Muke all tests with caution. Be sive the
power is off when it isn’t actually needed
for the cheek vou are making.

Building the pocket laboratory consists
simplv of putting the components used in
the individual tests into a single hox. A
wooden box measuring 1% by 34" hy 4%”
was used here. The dimensions aren’t
critical. Neither are the parts, except that
they must be dependable and of good qual-
itv. A high-frequency buzzer, capable of
operating on a 4%2”-volt C hatterv is another
requirement. The jeweled panel lamp was
purchased as a complete assembly with sock-
et and mounting bracket; the 1N34 ervstal is
a germanium diode,

Since connections must bhe interchange-
able, all contacts should be uniform in size.
Phone tips are convenient, since headphones
come cquipped with them and test prods
may be so purchased or the original tips
can be replaced. Thev ulso allow the use of
on octal tube socket to permit selection of
pin positions,



\\Tl'l'll a GE3 tube serving as an indicator,
this vacuum-tube voltmeter gives ac-
curate readings from 1.5 to 43 volts, and will
safely handle up to 90 volts, enabling the
serviceman to cheek for moderate screen and
plate voltages. A detector circuit rectifies
signal voltages, making it possible to trace
and test A. C. as well as D. C. Although it
has the no-load advantages of more expen-
sive vacuum-tube meters, this tester can be
built at moderate cost.

The entire assembly is mounted on the
front pancl ol a 6” by 6”7 hy 6" mnetal cubinet.
A standard 6.3-volt filament transtormer de-
livering 1 amp. in the secondary heats the
6E5 tube, and an audio transformer is
pressed into service as a power transformer.
With a fixed cryvstal detector and a protective
05-mid., 600-volt condenser. the tester is
able to deteet an A. C. signal.

To calibrate the scale. apply several
known voltages, and adjust the potentio-
meter for each one until the angle of the eve
is at minimum, With a straight-line potentio-

Circuit Tester
USES TUNIXNG EYE AS METER

When correctly calibrated by the
builder, this circuit tester will give

accurate readings between 1.5
and 45 volts. The range can be
extended by putting extra resistors
in series with the potentiometer.

meler it is onlv neeessary to obtain a few
typical readings from which intermediate
values ¢ be caleulated. To inercase the
range of the meter, add o 230.000-0hm re-
sistor between  the  poteutiometer  and
ground.—N. C. [h:kisnax.

\35 MFD. CRYSTAL .lMEG. AUOIO TRANS
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The S$.P.D.T. switch on the input side cuts in a
fixed crystal detector for testing A.C. circuits.



Capacity Bridge for Testing

By GEORGE O. SMITH

To MosT casual radio experimenters, con-
densers arc a bit like electric-light bulbs:
either theyre good, or theyre bad, and
i’s not hard to tell which. In a majority of
cases this rule-of-thumb works out pretty
well. An ohmmeter or a simple neon tester
tells you all vou need to know for a quick
decision.

One vital fact about a capacitor, how-
ever, is neglected by these oversimplified
tests—its capacity. This useful instrument
fills the gap, and makes possible many re-
finements in radio testing and construction.
It does it by telling vou the value of an
unknown condenser.

No provision is made for testing shorted
condensers, as these may be readily checked
with an ohmmeter. "Open” condensers
show up, however, since they have only a
small fraction of their rated capacity.

The theory of the bridge is simple. Fig-
ure 1, below, shows a basic form of Wheat-
stone-bridge circuit, with all resistors equal.
Current flowing through the members of
the bridge divides equally, and no voltage
difference exists across the meter. Lower-
ing one resistance, say Rl, produces the un-
balunced condition ilustrated in Fig. 2,
The division across the lower pair remains
the same, since these resistors are un-
changed, but the altered proportions in the
upper half cause a voltage increase at the
junction. The meter reads the difterence
between the two junction voltages. If R2,
the corresponding resistor in the lower pair,
is reduced proportionately, the junction

voltage will again be equal, although not
necessarily at half the input.

Combining the lower divider into a single
potentiometer makes possible a wide varia-
tion in division ratios. That is the basis
of the capacity bridge. Since, however,
capacitors will not pass direct current, the
batteries represented in Fig. 1 and 2 are
replaced in Fig. 3 by an alternating-current
source. Any A.C. voltmeter could, the-
oretically, be used to complete the bridge,
but in practice few would prove sensitive
enough for the job. This is particularly
true since voltage difference becomes ex-
tremely small near the balance point.
Therefore the meter is replaced by an am-
plifier that drives the GE5 indicator tube.

In the schematic diagram on page 114,
the bridge cireuit may be traced out, al-
though its configuration is not very clear.
Potentiometer R1 obviously replaces R2
and R3 of Fig. 3, and the “standard” im-
pedance, Z1, corresponds to the condenser
selected by switch S1. This switch allows
the use of three continuous ranges from 10
micromicrofarads to 10 microfarads, cover-
ing all the condensers used in most re-
ceivers. It is possible to calibrate the dial
for still broader coverage, but this will re-
sult in decreased accuracy.

The “unknown” side, Z2, consists of any
capacitor connected across the test ter-
minals. A 5-volt winding of a power trans-
former is used as the A. C. source.

One side of the 6SL7 is connected as a
high-gain amplifier, the other side as a rec-
tifying diode. To give good sensitivity on
the low-capacity range, R4 is made quite
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Condensers

large. Output from the amplifier is coupled
to the diode through C4. This value is not
critical. A 1-mfd. condenser is specified, but
anything from .25 mid. to 4 mfd. may be
substituted.

When the unknown capacity is out of bal-
ance with the known, the available A. C. is
amplified in the first section and rectified in
the second, placing a positive voltage on
the grid of the GE3 indicator. Potentio-
meter R2 is used to adjust the eye of the
tube to an almost-closed position, since this
is the most sensitive part of the 6E5 oper-
ation curve.

Most of the components are noncritical,
but the three bridge condensers, Cl, C2,
and C3, should be as accurate as possible.
The additional cost of capacitors having
close tolerance will pay off in increased
aceuracy.

A standard small transformer is used for
the conventional power supply. Bv using
a GX3 rectifier that will operate off the
6.3-volt winding, the 5-volt section is left
free tor the bridge supply. All three tubes
share the same heater power; do not ground
them at the sockets, but run a twisted fila-
ment line through the chassis and ground
the entire circuit at pin 8 of the 6SL7.

The center arm of RI1, and the “adjust”
position of the range-selector switch are
grounded at the same spot on the chassis,
along with a number of other parts. This
practice minimizes chassis currents, which
are capable of causing tronble in the bal-
ance of the bridee. Filter C5, C6, and R6
is used to smooth the rectified output of
the detector diode so that the grid of the
indicator will be turnished with D. C. pro-
portional to the unbalance of the bridge.

Range selection is accomplished hy means
of a two-pole, five-position switch, but the
line-switch portion mav be replaced with
a simple toggle, and a single-pole selector
used instead. The line by-pass condenser,
ClI. is connected to the chassis at this
point to help prevent the 115-volt A.C.
from interfering with the other sections.

In operation the switch is turned first to
the “adjust” position  (between €3 and
“ofl”), and left until illumination of the eve
shows that the circuit is operating. The
“adjust-cve” potentiometer, R2, is then

In front and rear views the
bridge looks like an ampli-
fier, which, indeed, it is.

turned until the eve is almost closed. Now
connect the unknown capacity across the
test leads, and turn the selector to the
range most likely to cover. It for some
reason, vou have no indication at all of the
value of the unknown, work down from
the highest range.  Potentiometer Ri s
rocked until the ceve closes again. There
mayv be a slight time delav.

To calibrate the dial, vou will need seven
condensers of known value and very close
tolerance. These should be of the following
vilues, in microfarads: 001, 002, 003,
004, .02, .03, and .04. Paste a circle of
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LIST OF PARTS

R1l: 400-ohm wire-wound linear poten-

tiometer.
R2: 200-ohm wire-wound linear poten-
tiometer.
R3, R12: 82 ohms. close tolerance.
R4: 10 meg.
R5, R7: 1 meg.

R6, RS: 500.000 ohms.

RY: 20,000 ohms.

R10: 2 meg. (in socket assembly),

R11: 10,000 ohms. 10 watts,

Ct: 1 mfd. close tolerance.

C2: .01 mid. close tolerance.

C3: 100 mm(i. close tolerance.

C4; 1 mid. 400 volts.

C5. C8: .1 mfd. 400 volts (dual).

C7, C8, CY: 10 mfd.. 350 volts electro-
Iytie. (Triple-capacity unit, if avail-
‘able.)

C10: 25 mfd.. 25 vols.

Cl1: .05 to .1 mfd.. 400 volts,

Li: A. C.-D. C.-type choke.

T1:. Small power transformer,
250 volts (at 30 ma.), 6.3.
volts.

Sla.b: Two-pole,
switch,

Sockets,

200 to
and 5

five-position selector

tubes. indicator-eve assembly.

paper over the dial, and set the switch
to the middle range.  Starting with
001 mibd., adjust the eve for the null,
aud nuark the dial at cacl step. Other
vialues are obtained by adding the
smaller units in parallel. For exam-
ple. L0035 is composed of 001 and
004; and the sum of the first four
values equals .01, By adding con-
densers in parallel, the dial may be
calibrated from .00 mfd. to .1 mfd.

Since Cl is 100 times greater than
C2, setting the range switch up to
this point  will multiply the  scale
by 100, and ¢ive readings from .1 mud. to
10 mfd. At the other extreme, C3 eflee-
tively divides the calibrations by 100, cov-
cring the span from 10 mmf. to .001 mfd.

Electrolytic capacitors can be measured
by the bridge since 5 volts of A.C. is not
coough to damage them.  The average
clectrolytic has some inherent  resistance
and inductance which tend to decrease the
eve angle, but the trme value will be indi-
cated ut the null despite the fact that the
eye may not be completely closed.

This incomplete eye closure, by the way,
may he taken as an index of the condenser’s
quality. Balunce any good condenser, then
connect, say, a 50,000-ohm resistor across
it. Note that the eve will open slightly,
The effeet is equivalent to measuring a
condenser with an internal leakage of 50,000
ohms. Connecting the resistor in series also

14

© unknown

This circuit is an expanded version of Fig. 3 on page | 12.
Balance is obtained when the voltage division across the
known and unknown condensers equals that across RI.

wideus the eve, being comparable to the
internal resistance of an eleetrolvtic.

The values given assume a total high
voltage of 200 volts D. C. across C8. 1t
this veltage is incorreet, BRI may be re-
placed by an adjustable power resistor of
about 13,000 olins.  This will permit ad-
jnstment of the total voltage across the di-
vider so that the eye angle may be sct
properly with potentiometer R2. Approxi-
mately 1.5 to 2 volts maximum is required
at the cathode of the amplifier section of
the 6S1.7.

Test clips were used instcad of insulated
hinding posts since this offered an easy way
of connecting ninknown condensers.

If a complete indieator-eye  assembly
able is availuble, use it by all means. And
don’t bother changing the internally con-
nected resistor, RL0: it will he correct.




Connections on the underside of the meter. The
midget triode used was taped to the milliammeter.

—
L N |
+ O—t
- 0-1 MA.DC [
g MILLIAMMETER
3000~ D
OHMS v‘o@rs
—0 ™0
S.P.ST.
OUuTPUT
e——— TRANSFORMER]
ouUTPUT
METER \
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oggpstg TUBE SPEAKER
I.smro. 400V.
"= CHASSIS B+

Maximum sensitivity of the needle is obtained by
connecting across the output plate to a ground.

OUTPUT METER

Uses 17,-Yolt Tube

OR accurate alignment of the stages of a

superhet or TRF receiver, where the ear
can't catch minute variations, an output me-
ter is an inexpensive aid. Such a meter is also
valuable when hooked up in a public-ad-
dress system or with a home recorder for
regulating output level during operation.

A midget war-surplus triode having a 1.4-
volt filament was used as a diode detector in
the meter shown, being secured with tape
to the back of the 0-1 ma. D.C. milliam-
meter. A more readily available R.F. pen-
tode, the 1T4, may be substituted by tving
its grids and plate together. This tube will
fit a button-base socket. Tape holds the 1.5-
volt battery filament supply. A 3,000-ohm
variable resistor across the meter input pre-
vents overloading and keeps the needle on
the scale. The housing is a card-file box.

In use the meter is connected across the
secondary of the speaker transformer, in
parallel with the voice coil (as in the photo
above), or directly across the plate of the
output tube and ground through a condens-
er (as in the drawing). The last increases
sensitivity tenfold for weak signals. Adjust
receiver trimmers for maximum scale deflec-
tion. If noise is objectionable in aligning
I.F. transtormers, disconnect the speaker.
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By Gilberte Sonbergh

OR THE clectronie experimenter, there's

one ol that's just about as essential as
a soldering iron—a wide-range AC-DC volt
ohim-milliammeter. It vou work or play
with clectricity and have sraduated ont of
the doorbell-md-dryv-cell stage. von'll use
snch a meter to find acenrate vadues of volt
age, current, and resistance. Bevond these
hasice applications, vour meter will also tell
vou i let about the impedance, inductance
and capacitance ol coils and condensers; it
will help test tubes and do general tronhle-
shooting; it will serve as an easy way of
measuring ontput in voltage, decibels. or
walts; and it will permit accurate deternmina
tion of input to amplifiers and other ap-
paratus.

Once vou have a good understunding of
the relation hetween volts, wmperes, and
ohims. vou can build vourselt one of these
almost indispensable tools around any fairly

6

A D' Avsonval movement, shown here in plan-
tom, indicates DC when the coil s energized.

sensitive D' Arsonval moveent. To the be
ginmer. it may scem to be asking a lot ol
one meter to measure such different things,
but actually it has to measure only one to
tell vou all three. The ironelad magie of
Ohm’s Linw does the rest. This Law specities
that a corrent of 1 ampere will flow when
a potential of 1 volt is applied across a
resistance of 1 olim. I the meter can
measure any one ot these, a secoud one
heing known, the third alwavs pops up as
the answer.

Heart ot the standard DC meter, the cur-
rent-mcasuring 1Y Arsonval movement con-
sists of a lightweight pointer attached to a
pivoted coil of fine copper wire. Mounted
between jewel bearings. the coil is free te
rotate in the field of a permanent magnet.
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Two delicate hairsprings carry current to the
coil and also serve to position it so that the
pointer is normally at zero on the scale.
When current flows in the coil, interaction
of the lines of force produces a torque.
This torque rotates the coil and its pointer
to a position where it balances the oppos-
ing torque ol the springs.

For greatest versatility, multimeter move-
ments arc usually designed to react to very
low values of current, hut it’s a siniple mat-
ter to increase the current range of such a
meter. Let’s say it hus an internal resistance
(Rm) of 100 ohms—that is, the moving coil
itselt offers this resistance to the How of
current—and that 1 milliampere (001 amp.)
will deflect the needle all the way across
the scale.

In order to double the range of such a
meter, all vou need to do is put a 100-ohm
resistor in parallel with the meter to hy-pass
half the current, and multiply the reading
by two. Shuuts of lower resistance increase
the current-handling capacity still more.

Volt and Ohmmeters

Milliammeters plus Ohm's law also add
up to volt and ohmmeters. By measuring
current, the tormer tells vou how much volt-
age is being applied to a circuit of known
resistance. Take the same 0-to-1 ma. move-
ment with an Rm of 100 ohms. You want
to convert it into a 0-to-10 volt meter. This
means merelv that 1 ma. must flow through
the coil when vou put 10 volts wacross the
meter. But its own resistance is far too
low and will pass too much current, so extra
resistance is added. We know from Ohm's
law that a potential of 10 volts will send a
current of .001 amp. through a resistance

of 10,000 ohms. To the 100 ohms of the
meter itself, 9,900 ohms must thercfore be
added in sevies. For measuring AC voltages,
a D’Arsonval meter must also be equipped
with some sort of rectifier that will serve to
convert to DC that portion of the current
needed for the operation of the meter.

The conventional ohmmeter, as has heen
said, is also an ammeter in disguise. A
suituble voltage is applied to meter and re-
sistor which permits, sav, 1 mua. to f{low
when the circuit is completed. Thus, if vou
short the test prods the needle goes all the
way across the dial to zero ohms. But when
you put additional resistance in series with
this circuit, you decrease the current. The
higher the resistance that you’re measuring,
the lower the cwrrent that gets through.
Unlike other values, resistance is lowest at
the right, highest at the left end of the dial.

A variation of the usual resistance meter
is the shunt ohmmeter used to measure low
ohmic values. This is a milliameter of known
internal resistance that is cnergized to read
full scale. When the unknown resistance is
shunted across the circuit, current through
the meter coil drops in proportion to the
ratio between the fixed and unknown re-
sistances.

Measuring a Meter

In order to build o multitester. it is [first
necessary to know the characteristics of the
movement vou plan to use. The easiest way
to determine the current required for full-
scale deflection is to connect the unknown
meter in series with a meter of known ac-
curacy, a variable resistor, and a voltage
source. This is illustrated by the closed
circuit shown on page 118. Since the cur-
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The internal resistance of a meter movement
and the current required for full-scale deflec-
tion cun be determined with this setup.

rent is the sime in all parts of a series cir-
cuit, all vou need do is adjust the variable
resistor  until the unkunown meter reads
full scale. The amount of current required
to produce this deflection mav then be read
directly on the known meter.

Using the same sctup, vou can detennine
the internal resistance of the movemeut.
With the variable resistor adjusted to make
the meter read full scale, shunt the eter
with fine resistance wire of, sav, 10 ohms
per foot as indicated by the wavy line. Add
wire until the meter reads halt scale, and

reset the variable resistor as needed to keep
the total current (shown on the second
meter) coustant. When the wire shunt and
the unknown Rm are equal, half the current
goes through the meter and the other half
through the wire. Measuring the length of
the wire then tells vou the Rin of the meter.
Use accurately lubeled resistance wire,

Sensitivity, another characteristic of the
movement, may become important in some
applications of multitesters. A meter that
vields full-scale deflection with a current of
1 ma. is said to have a sensitivity of 1,000
ohms per volt, becanse 1 volt will give full-
scale reading when the total series resist-
ance equals 1,000 ghms.  This ratio will
apply tor all other ranges, that is, 100 volts
full scale will require resistance totaling
100,000 ohns.

For electronic work, meters should have
at least 1000 olins per volt sensitivity to
avoid “loading” cirenits under test,

When building a multitester, it is usually
a good idea to complete the ohmmeter sec-
tion first so that it can be used in the
selection of other resistors. The accuracy
of a seriecs ohmmeter depends primarily
upon the accuwracy with which the total
civeuit resistance is known. Since the volt-
age of Dbalteries. even when new, varies
widely, some means of zero adjustment is
always provided. With the test leads short-
ed together, zero ohms, or full-scale deflec-
tion, is adjusted by means of the variable
resistor shunted across the meter.

Bear in mind that any series ohmmeter,

To Calculate Milliammeter Shunts

FORMULAS FOR MULTIMETERS [ELECTRICITY]
General Forms for Ohm's law
(1) 1 g Where ( is current in amperes
(2) R= [;: R is resistance in ohms.
(3) E=IR E is potential in volts
(4) P=IE=I:R= ’R P is power in watts.

Rm is internal resistance of meter

(plus resistance of

18

(5) R=FRm

n-1
To Calculate Voltmeter Multipliers
(6) R=Rmin-1)

Series-Ohmmeter Operation

7)1 R= LE T Rs
Im

Shunt-Ohmmeter Operation
(8) R Im Rm
Ifs-Tm

series-connected fusei
P is range-multiplication fﬂclor (to convert from 1 ma
full scale t0 10 ma., n—1=10—1=9)

Rs is total fixed resistance in meter circuit (including

s is meter's full-scale current
tm is reduced current during test.

(approximation.)

POPULAR SCIENCE MONTHLY SHOP DATA
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Basic Principles of V-O-M meters. Any fairly
sensitive current meter  will register  higher
values of current as well as volts and oluns if

whether its scale is 0-100 or 0-100,000,
effectively covers the enormous range from
zero to infinity. This being so, the upper
end of the scale—which is the lower end of
the milliammeter scale—is bound to be very
hard to read and increasingly inaccurate as
it crowds in toward infinity. Series ohm-
meters theretore, are usually peaked at the
center of the dial. For a 0-1 ma. movement,
standard - series-ohms  ranges are 43,000
ohms center scale (using a 45-volt battery

the proper resistors and energizing voltages ure
connected. One meter and a switching arrange-
ment combines them into a multitester.

and a total of 43,000 ohms fixed resistunce
4,500 ohms center scale (4.5 volts and 4.500
ohms); and 450 ohms center scale. using a
totul circuit resistance of 430 ohms. To
calibrate or graph the dial of a milliammeter
so that ohms may be read divectly, use the
table below; the figures are based upon.
these standard resistince .voltage values.

Construction notes on several multitesters
of different characteristics will he found on
the pages immediatelv following.

OHMMETER TABLE [ELECTRICITY ]
l Ohms ma. Ohms ma.
Zero 1.0 ' 5,000 A7l
3 =R~ 0 100 978 6.000 | 429
For calibration of meter dial o) ‘o5 iy 3b1
or graph sheet {800 937 2.000 36
| 100 918 t 9,000 333
Meter scule readings resulting from vari- | 500 9 10,000 31
ous values of resistance in circuit of con- { 600 583 ' 12,000 273
ventional series-type ohmmeter using Q-1 700 865 15,000 .231
ma. neter  with  4.5-volt battery and | 1.000 818 20,000 184
cnaugh resistance (4,500 ohms) in series 1 1.500 75 25.000 152
to make meter read full scale for zero 2.000 692 | 30,000 .13
ohims. The ohmic values for the given 2.500 643 l 40,000 101
meter readings may be divided by ten by 3,000 6 { 50,000 083
using O-10 nia. meter with 450 ohms, or 3.500 563 60,000 07
multiplied by ten by nsing 45-volt battery | 4,000 .53 100,000 043
and 45,000 ohms in scries, I 4500 | s
POPULAR SCIENCE MONTHLY SHOP DATA
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Bulldmg a Multimeter

The multitester above, diagrammed on page 122, is a wide-range, general-purpose unit.

By Gilbere Sonbergh

BEFORE vou start to build vour own
multitester, look over the fundainental
data on the relationship between volts,
ohms. and amperes given in the previous
installment. With this information you cun
design a meter for any special purpose,
adapt spare parts to suit vour cirenit, or
build o general-utility multimeter tor radio
and electrical checking. To make use of
spare parts. vou must design vour circuit
around them. for vou can’t substitute values
that are nearly but not quite correct. Re-
sistors must be caleulated with great pre-
cision. Wherever possible, use wire-wound
resistors that are guaranteed accurate to |
percent.  Carbon resistors, costing much
less than the wire-wound tvpe, mav he used
in some cases, although they are less likely
to he stable over a long period of time. Thev
do, however, have one advantage in that

120

they can be adjusted upward in resistance
value. To do this, file « small Hat on one
side. Check the resistor on an accurate
ohnmeter as vou file it, and when vou have
exactly the right value, coat the scored
part with wax or varnish to keep out mois-
ture.

The photos here and the diagram on
page 122 show a V-O-M meter designed to
get the most measuring power in a relatively
simple one-meter nnit at moderate cost.
With the aid of u tew calibration graphs,
this tester can cover more than 24 ranges
of ohms, microtarads, henrvs, AC and DC
volts and milliamperes.

Suggested diagrams for simpler and less
costly meters are given on page 123. Both
of these models use standard O-1 ma. me-
ters and simplified switching svstems. In
the diagram at the left, toggle or pushhutton
station-selector switches are emploved; note
that the 10- and 100-ma., as well as the
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ohms-divided-by-ten ranges call for double-
pole arrangements. If pushbutton switches
are used, depress two buttons simultane-
ously. The companion drawing calls for
only one switch, and this is on R16 so that
the 10,000-0hm resistor can be cut out of
the circuit for readings other than ohms.

No matter what meter vou elect to build
two general precautions should he observed.
First, aveid meter overloads, especially in
switching. Second, muke certain that com-
ponents are satisfactorily outside the circuit
ot isolated when the neter is positioned on
a range not calling for them. For example,
the meter in our principal cirenit would be
seriously overloaded if vou switched from
one milliampere range to another while
making 4 measurement except for the fact
that the 1otor of SI touches one contact be-
fore leaving the previous one.

Despite all precautions, accidents do hap-
pen, which is why all eircuits display fuses.

All parts except the batteries are mounted on a hakelite panel, shown here from beneath.

abe (o

45-VOLT BATT.
HONW A3

4ronmy
' o

The type of fuse to use is one that will “let
go” quickly on currents 10 to 23 times
greater than the meter’'s normal full-scale
capacity. The resistance of the fuse, how-
ever becomes part of the circuit and must
be taken into account in all calculations.
Make sure you can get replacements of
exactly the same resistance. A good proce-
dure is to pick some identical fuses from
vour dealer’s stock with the aid of a low-
range ohmmeter.

Our major circuit contains a feature that
is well worth considering in the design of
vour own multitester: it has equal sensitivity
of 1,000-ohms-per-volt on both the AC and
DC ranges, making it possible to use the
same set of multipliers and main selector
switch for both currents. This arrangement
cannot be achieved with an ordinary C-1
ma. movement, but calls for a meter that
will give full-scale deflection on .89 to .9 ma.
for use with the full-wave rectifier connec-
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AC MA-DC OHMS

1,000V. oC

M: DC milliamimeter with full-seule sensitivity of 0 to
8Y ma. and interal resistance of 105 ohins.

Fuse: 133 ap, tested at eaactly 20 ohms,

St: 15-position, eter-type rotary,

82: DPDT touule (AC-1DC).

8§3: SPST (ohms-divided-hy-ten ).

Rect.: tnll-wave meter rectifier.

Ri: LOLT obws (1-ma. DC shant ).

B & age ghms, e (40w JIigal).

R3: 2.27 ohms, wire (50-ma. shunt).

R4: 1.124 ohuns, wire { 10O-ma. shant ).

R5: 0.447 ohms, wite (230-imw. shunt).

R6: 890 ohins (1-valt wmultiplier ).

R7: 4,900 ohins (3-volt mltiplier).

LIST OF

PARTS

RE: 9,900 ohuns ( 10-volt multiplier).

RO: 40,000 ohias (tor 50-volt vange with R8).

R10: 50,000 ohms (tar 100-volt range with K8-9).

R11: 130,000 ohms (tor 230-volt range with R8-10).

R-12: .75 meg. (for 1.000-volt range with R8-11),

R-13: 439 olims (450 olins center scale ).

R14: 4.400 obms (4,500 ohms center scale ).

R15: 43,000 oluns (413.000 ohims center seale),

R16G: 10.000-obm wirc-wonnd rheostat with “off”* or
open position (series ohmmeter zero adjustment ).,

R17: 500-0hm wirc-wound rheostat (shunt ohinmeter
zero adjustment )y

R18: L-watt carbon resistors in series, totaling 4 meg.
(5.000-volt multiplicr with R8-12).

tion shown.  Most meter  manufacturers
cither stock mcters of this description or
will supply them on special order. For DC
ranges, sensitivity is reduced to 1 ma. by
means of shunt 1.

Alternating  currents and  voltages are
rather clusive things to peg since their ae-
tual values are constantly changing.  That
quantity of AC that we mean when we say
one ampere actually hits a peak value of
1.41 amp. both sides of zero. We call it one
ampere becanse it has the same heating
effect as that amount of DC. In other words,
1 amp. is its eflective value, also known as
rOOL-mean-squdare, or r.m.s.

But that's nor all. H an AC current of

122

1.41 ma. peak value is rectified and sent one
way through a DC meter, we get a deflec-
tion of only .9 ma. This is the average value
of the pulsating current. Hence, in order to
get our meter to read full scale with 1 ma.
of r.m.s. AC going through the rectifier, we
want a meter with DC sensitivity of ubout
9 ma. Theoreticallv, .89 ma. will give
greater acenracy because vectifiers are not
in actual practice strictlv undirectional in
their conductivity.

All this applies only to a full-wave recti-
fier used with a .89 ma. meter as in our
main diagram. The other schematics show
half-wave rectifiers and 1-ma. movements.
To compensate for the difference between
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TEST
LEADS
Pushbutton selector switches or individual For portability the high-ohms range has been

toggles are used here to simplify switching.

average and r.m.s. values, the AC multi-
pliers (R20 in both eircuits shown above)
are made smaller than the comparable DC
multipliers. Using half-wave rectification,
R20 will be approximately 445 ohms-per-
volt (4,000 ohms for the 10-volt, and 110,-
000 ohms for the 250-volt scale). With a
four-element full-wave rectifier these values
are doubled. As a check on operation, apply
known DC voltages across the AC terminals;
the indication should be about 11 per cent
too high.

As was noted in the previous discussion,
ohmmeters are usually peaked at center
scale, common ranges being 45,000 ohms,
4,500 ohms and 450 ochms. Using a O-1 ma.
meter, the former calls for a 45-volt battery
and total series resistance of 45,000 ohms.
For the second, both values are divided by
ten. To divide again by ten in order to
achieve the third range would seemingly
call for a .45-volt battery. Since there is no

COPPER WIRE TABLE
S =z
< OHMS PER FOOT 57
w | | 284
\ AT
£ 68°F 77°F <D
3 -0
. {__ -~
22 01615 01646 1300
21 02568 02617 800
2 04082 01162 500
28 0649 06617 300
30 11032 -1052 200
32 1641 1673 120
34 2609 266 80
36 4148 423 50
38 .6596 6726 30
40 1105 1.069 | 20

omitted, doing away with the 43-volt battery.

reliable means for obtaining such a battery
voltage, we must use a higher voltage and a
higher full-scale current in order to maintain
total series resistance of 430 olms. Two
methods of accomplishing this are shown in
the diagrams.

In the one on page 122 the meter is
shunted to read 10 ma. full scale. Note the
jumper from the 10 ma. shunt, R2, to posi-
tion 13 on selector switch S1. When S3 is
closed, a current of 10 ma. flows from the
4.5-volt battery through R13 and the
shunted meter. For measurements on the
series-ohm ranges, R17 is set at zero and
can therefore be disregarded.

The second method for obtaining the
lowest series-ohms range requires the addi-
tion of just one resistor to the 4,500-ohm
center-scale circuit. This is R19 in the two
smaller diagrams; the 500-ohm unit shunts
the 4,500-ohm resistance that is made up by
adding 4,400 ohms to the approximately
100-ohm meter. Two things are accom-
plished by R19: the reduction of the total
circuit resistance from 4,500 to 450 ohms,
and the by-passing around the meter of
nine-tenths of the resulting increased cur-
rent.

If still lower ohms ranges are desired, the
shunt ohmmeter is recommended in place of
the series type. It is incorporated in the
major diagram on the facing page, and its
special advantages are considered on the
pages immediately following.
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Beneh instrunient or pocket-size midget, o mulijlester i« omust in every electrical shop.

Completing Your Multimefer

It you built the tester desceribed
on page 120, vou will want these
further pointers on its use.

By Gilbert Soubergh

INCE all the essential information needed
vJ Hor building three types of ninltimeter
was given on the previous eight pages, vou
probably have your tester pretty well under
construction. The two smaller units illus.
trated on page 123 offer no special prob.
lems. Most ob this disenssion, therefore,
concerns the teatured instrument.

It was stated that the range of a se-
ries ohmmeter cannot readily be lowered
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enough to meusure very small resistances.
To do that o shunt ohmmeter wis recom-
mended. “The principle of the shunt ohm-
meter will be recognized as the same one
used to determine the intermal resistance of
a meter with the aid of a known vuhie of
shunting resistor (see page 118). 11 we use
a 0 to [-ma. meter with internal resistance
of 105 ohms, and slamt it with an ¢qual re
sistor while energizing the eircuit, a hulf-
scule reading of 103 ohms results. Unlike
series-ohims readings, infinite resistance is at
full scale and zero is at zero on the dial.

A reading of 103 ohims center scale (high-
rif a fuse is nsed in the civenit) s not,
however, sufficiently lower than the 430
olim vange to be of great value. In our



circuit, therefore, the meter und fuse are
shunted to read 10 ma. in order to provide
a center-scale reading of 11.4 ohms. Switch
positions are the same as for the lowest
series-ohms range, but a test lead is used to
short the DC and OHMS terminals. The
unknown resistor is then inserted hetween
this jumper and MA-DC. Since accuracy is
dependent  primarily upon current value,
theostat RI6 is turned to “ofl” position, and
current is regulated to full scale—preeisely
10 ma.—by R17. This is being done by the
screwdriver adjustment illustrated  at the
upper right.

The resistor under test then shunts the
whole circuit, and its value mayv be caleu-
lated from formula 8 (Sce page 118). It
must be remembered that this formula is
only an approximation, and its acenracy de-
creases as the cirenit current is raised. The
graph at the right was plotted by caleulating
a number of points from « nore exact for-
muly, and it should hold reasonably well tor
any meter constructed with the same values
as the one shown,

It the graph should prove inacenrate for
vour meter, vou can plot another one with
the help of a few feet of resistance or fine-
copper wire. Measure a dozen or so lengths
of wire and caleulate the resistance of
each from the ohms-per-foot rating of the
wire. Then check the wire on the meter
and plot scale deflection against known
ohmic value. Shunt ohms are represented
by the numbers in the left hand margin of
the graph; a companion curve for a series
ohmmeter erosses it from upper left to
lower right and is read against the figures in
the right-hand column. The chart is drawn
on logarithmically scaled paper, available
at most stationers.

As has been pointed out, the reason that
ohmmeters are peaked at center scale is
that ull ranges cover the area from zero to
infinity, and therefore both ends of the seale
are bound to be inaccurate. The problem
of measuring low resistances may he met by
the shunt ohmmeter. But what about very
high ohmic values? Of what use is a meter
that veads, sav, 90,000 ohms wlen vou want
to measure a resistance of several megohns?
The answer seems to be that vou can’t make
these measurements, but in fact the prob-
lem is easily solved. All you need is a volt-
meter and a source of high voltage, sueh as
the power-supply circuit of an AC receiver.

Measure this voltage—preferably several
hundred volts—and then muke a second

]

Adjusting the meter to read on the lowest olim
runge. Scale divisions are graphed as below,
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METER DEFLECTION-SCALE DIVISIONS

A graph of this type will help von interpret
nonlinear shunt and series olimmeter readings.
It should held for meters built like the one
above, or it can be plotted from known values.
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reading with the unknown resistor in series
with the meter. The unknown value may
then be caleulated from formula 9, below.

Your AC voltmeter may also be used to
meusure capacitance, inductance, and im-
pedance with sufficient accuracy for most
purposes. An AC power line will serve very
well, provided that you take adequate pre-
cautions to prevent electrocution.  First
measure the line voltage; then take a second
reading with the unknown element in series
with the voltimeter.

Capucitance of condensers is figured from
formula 10, Again it may be wise—if any
considerable number of readings is to be
made—to draw a logarithmic graph in which
the voltage readings of vour meter are
plotted against capacitunce. The graph will
be useful wherever the same meter is used
on the same line voliage. Use a dozen or
so accurately known condensers to plot this
graph.  Capacitance measurements mav be
multiplied by ten or a hundred if the volt-

meter leads are shunted by suitable re-
sistors t() reduce the effective voltmeter re-
sistance (Rv in the formula) to a tenth or a

hundredth of its normal value, Alternatively
the high ranges may be obtained by using a
stepdown transformer (and a lower volt-
meter range) to reduce the values of Fm
and El
Inductance is caleulated approximately
from tormula 11. A graph of inductance
values against meter readings would be ac-
curate only for high “Q” inductances—those

in which DC resistance is small compared
to AC inductive reactance.

Impedance is expressed in ohms, and is
the tendency of capacitors or inductors to
resist the flow of alternating current of any
given frequency. When needed, the imn-
pedance of a coil or condenser may be ob)-
tuined with the help of formula 12,

An AC rectifier-type voltmeter makes an
excellent output meter for receiver align-
ment, power-output measurements, mei-
surements of gains or losses of amplifiers,
and the like; it may be calibrated in volts or
decibels. If any direct current is present in
the circuit under test, it should be kept from
the meter by a good quality paper con-
denser of from .53 to 2 mfd, The AC com-
ponent or “ripple voltage™ of power sup-
plies is measured in this manner.

If your meter is built according to all the
specifications given in the previous iustall-
ment, the fuce of the instrument, including
S\vxtchcs and test jacks, will pml) bly re-
semble that of the ]‘ugel unit shown on page
124. To read DC milliamperes, then, insert
test leads into the DC and MA-DC pin jacks.
Note that a narrow pin aud adapter is shown
in the photos for the latter juck. This is used
to lessen the possibility of applying a high
voltage to the milliammeter by accident.
When making current measurements, al-
ways start out with the selector switch in-
dexed to the highest range and back down
until an accurate reading can be made. In-
sertion of a milliammeter into a circuit that

To Use Voltmeter as Ohmmeter
E R
(9) R= Rs
AC Voltmeter as Capacitance Meter

Em

(10) C 3.4 Rv Vk‘ P

AC Voltmeter as Inductance Meter

v VB B

(L L= 27t Em

AC Voltmeter as Impedance Meter

Ry VEE,?

() 2 Em

FORMULAS FOR MULTIMETERS

where Rs is total fixed resistance in meter circuit.

POPULAR SCIENCE MONTHLY SHOP

[ELECTRICITY ]

Eb is hattery or power-supply vollage.
Em is reduced volt: 1ge reading duriny test.

C is unknown capacitinee (in microfarads).
El is full voltage of \(, line.

fis AC frequencey (24f 377 on 60 eveles).
Rv is total voltmeter resistanee (in megohms).

L is nnknown inductince in hewnrvs,
Rv is total voltmeter resistunce in oluns.

Z is unknowun impedance in ohms (may be
capacitive or inductive).

DATA
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has low resistunice and high current will
cause a change in the novmal current flow,
Such measurcments  should therefore be
made on the highest range that will still
provide a readable pointer deflection. For
greatest accuracy on DC current and volt
age ranges, turn R16 to its “alt” position in
order to keep the 10.000-ohin rheostat from
shimting the mieter.

Voltages are read by inserting the test
leads into the DC (or AC) and 1.000-volt

jacks. The AC-DC switch is also thrown to
correspond to the character of the voltage
being measured.  Index the selector to the
appropriate range.  When measuring volt-
ages ineacess of 1,000, move the test lead
from the 1,000 to the 5.000-volt jack, and
leave the selector on [L000. Exercise cau-
tion when measiring high voltages. One
good practice is to keep one hand in your
pocket and perform all necessary manipula-
tions with the other.

Midget Volt - Ohmmeter

With external banery the pocket-size tester
measures two ranges of resistance. Three pen-

\N”IETHEI’\ or unot vou have built
bought. or horrowed o general-purpose
maltitester, vou will find a place in your
clectronie tool kit tor o midaet meter that
meusures the things vou most frequently
need to know. I vou are a bheginner, build-
ing it will teach you the principles and uses
of multitesters; it vou are an experimenter
or service man vou will find unlimited up-
plications for an auxiliary, pocket-sized in-
strument both in and out of the shop.
Compact as the meter is, all the com-
ponents are standard.  When buving the
resistors or selecting them from vour spare-

lisht cells in series. wrapped i cardboard or
cellulose tape, make a compact voltuge souree.

parts box, vou will want to cheek them for
accuracy on a reliable ohimmieter. Al re-
sistors are connected in scries with  the
positive side of the midget meter.

The meter itself, a 0 to T-ma. unit with
internal  resistance  of  approximately 23
olins. is of the tvpe developed during the
war for use in aireratt equipment. It meas-
ures only 1”7 in diameter and has a mount-
ing flange 1%” square. Together with all the
auxiliary parts, it is built into a 1”7 by 2” by
3” wooden box. Near the top of the box
panel, drill a hole slightly over 17 in di-
aneter. Aside from the meter, six phone-
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Even inside the 17 hy 27 by 37 case, there is
plenty of room for the handful of components.

tip Jucks und o midget 25,000-0hin rheostat
are mounted on the face. In the edge of
the box above the meter place two more
jacks for the external battery. This will be
in series with the rheostat and « 3,000-0hm
fixed resistor.

For both the low and medium-ohms
ranges an external batterv is required. Use a

%-volt supply; three pen-light cells in series
are suggested hecause they will not add very
much to the size and weight of the equip-
ment.

The five scales chosen offer a wide va-
viety of uses in radio servicing. The 0 to 10
and 0 to 100-volt ranges will enable you to
check all sizes of A and B batteries, and
the 0 to 500-volt scale will come in handy
when vou wunt to know the potential across
the plate or screen of most receiver tubes.

Each of the ohms ranges has its own
particuliar advantage. Al antenna, RF. and
IF coil windings. as well as filter chokes and
power transformers. can be tested on the low
scale, and this range is also useful us a con
tinuity tester. By touching the two prods to
the heater pins on a tube, vou can deter-
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500,000 eI R 100,000
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| 10,000 OHMS
! \
$00 VOLTS 100 VOLTS
LOW OKMS 10 VOLTS
3,000 OHMS
[ meo! COMMON
! yoo OHMS
5 OHMS
wIRE-wounD + —
' EXTERNAL BATTERY
e .= 1 = S

In most respects placement of the parts can
follow the lavout shown in the diagram above.

mine whether the filament is open. 1f it is,
there will be no deflection of the needle.
About 80 percent of set failures can be
truced to burned-out tubes, and in AC-DC
receivers, where tubes are connected in
series, it is impossible to tell which is caus-
ing the trouble unless the filaments can he
checked.

With the medium-olim meter you can tell
whether the high-resistunce  windings  of
such parts as high-impedance chokes, output
and audio transformers are open or shorted.
Higher resistors, such as may be found in
plate, screen, or coupling circuits, can’t be
measured directly, but defeets can casilv he
spotted by checking the voltage reaching
the tubes, Both ohins scales can be used to
detect shorts in paper-tubular condensers
and leakage in electrolvtics.

You can read volts directly by multiplying
scale markings by 10, 100, or 5300. depending
upon the range. The ohmmeter is service
checking rather than for accurate measure-
ment. To get approximate values, measure
a dozen known resistors and graph pointer
positions.—ALBERT RowLEY.
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Push-Button Selector Keeps Range of Test Values Handy on Bench

Rapo experimenters who like to try a
varicty of condensers or resistors in awork-
ing cireniit betore soldering one inwill find
this beneh panel a useful workshop tool. It
is built around two discarded push-button
selector switches, and employs o group of
close-tolerance  condensers  and  resistors.
When condensers are used in parallel, their

Cement in Wrench Holds Nuts

To nepLact a nut in some inaccessible

part of a radio chassis. put a drop of speaker
cement. or other thin, liquid adhesive. in the
opening of w socket wrench. Just o slight
amount of tackiness is needed to keep the
nut in place while vou place the wrench
over the bolt and engauge the first couple of
turns.

H. Lekpen

total capacity is equal to the sum of the
individual capacitics.  Adding resistors in
parallel gives a total resistance smaller than
amy of the components; it mayv be calen-
luted by adding reciprocals.  The builder
mav substitute values in geometrical pro-
aression in place of those shown in the dia-

grin—ANDREAW VALENTINO,

Check Speaker-Plug Connection

Noisg, ham, or similar tronble in a radio
receiver is often due to loose connections at
the speaker plug. When checkine thesc
wires. turn oft the set. remove the plig from
the socket. and pull on the individnal
strands as shown above.  Resolder loose
wires to the plug prongs.—H. L.
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F YOU'VE ever tried servicing a radio,

vou don't have to be told that a volt-
meter is like an extra right arm. 1t’s the
tool that often tells vou what the trouble
is, and when it can’t do that, tells you where
to look for it.

Voltmeters can be roughly divided into
three clusses. Low-resistance meters are the
commonest. They are usually rated for
sensitivity in the neighborhood of 1,000-
ohms-per-volt and require 1 ma. of current
to dellect the pointer full scale. High-resist-
ance meters of the 20,000-ohms-per-volt
class are distinctly better and will give accu-
rate results under most conditions. They need
only .05 ma. to drive the needle across the
dial. The third tvpe is the vacuum-tube
voltmeter, or VITVM. It has almost infinite
resistance and takes practically no current
for its operation. If vou bear in mind that
any current required by the meter must be

1. Here's where the current goes. The meter
“loads” the circuit by drawing extra current.
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taken from the circuit being tested—which
tends to “load” the circuit—you can see why
it is often important to keep drain to a
minimum.

None of this should be read as a criticism
of the first two types of meter. Both have
numerous applications if you understand
their limits. But take the situation diagramed
in Fig. 1. The tube is receiving its plate
current through R1 and R2. Now it vou try
to measure the voltage at the plate with a
1,000-ohms-per-volt meter, you introduce
another current-drawing element into the
circuit, the meter itselt. The extra drain mav
be very little (say a half or quarter milli-
ampere); but since it must also flow through
R1 and R2, it introduces an extra voltage
drop. Thus the verv presence of the meter
changes the circuit you are trving to meas-
ure.

Another way of viewing the same problem

100,000
7 0HMS

1

100,000
OHMS

50,000

1€¢0,000
OHMS

100,000 OHMS

2. There should he 45 volts across R2, but an
ordinary meter will give a reading of only 30.



is illustrated in Fig. 2. The lett-hand sketeh
shows a 90-volt source across which two
identical resistors have been connected in
series. Basic electrical theory tells vou that
the voltage will divide cqually across the
resistors. Now connect i low-resistance meter
across R2. A 1.000-ohims-per-volt meter used
on the 100-volt scale would have a resistance
of 100,000 oluns. This gives vou the effective
circuit shown in the richt-hand sketch. The
net resistance of the meter and R2 is only
30.000 olimns. Voltage drop across this part
ol the cirenit, therefore, is no longer 43 volts
but 30.

The more we inerease the resistance of the
meter and the less current is needed to drive
it. the more acceurate will the reading he
come. That's ajob for vacuum tubes. Tubes
we able to amplify because a small change
in current at the grid produces a mnch Lirger
change at the plate. Thus if vou feed an
anknown voltage to the grid and place «
reasonably  accurate millianuncter in the
plate eircuit, vou can obtain a meter in
which the minutest amount of current will
he sufficient to operate the meter movement.

The photos and drawings on the following
pages show two vacuum-tube voltmeters,
The larger one, diagramed in Fig. 6. was
built by Tracv Diers. of Richmaond Hill, N Y
The smaller one (Fig. 14) made by Albert
Rowlev, Manhattan, N. Y., is a less versatile
unit but easier to build.

My, Diers” unit will measure both alter-
nating and direct voltages and has fowm
ranaes from 0 to 1. 10, 100, and 300 volts.
A 6SO7T was selected for the meter tube be-
cause in addition to the triode it contains
diodes for rectifving AC. The grid of the
triode is given a fixed bias of 14 volts by «
bias cell of the tvpe used in some amplifiers.

For the meter itself vou mayv use am
surplus or standard unit provided it has
basic movement of 0-1 ma.—that is, 1 milli

4. 11 & meter is altered to read 0-1 ma by
removing a shunt, the scale nmst be re-marked

3. A combimed clissis and cabinet is used fon
assembling the oarts. Lavont isn't very eritica

PANEL LIGHT
<N

5. Range awitech, test-prod jacks. wnd zero ad
instment mnst he Iacated o tep of the panel
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ADJUST FOR

5 VOLYS)

6.3 VOLTS FOR
65SQ7 AND PILOT
LIGHT

6. Parts used in building the VITVM must be of close tolerance, but the wiring is simple.

LIST OF PARTS

H0-meg., |-watt carbon
(2% tolerance).

R1: 10.000-plar, T-watt carbon RY
112: 1,500-0hm, 2-watt carban

5-mtd.. 130-volt paper
C3: .05-mtd., 600-valt paper.

1’3: 2,000-0lm wirc-wanud R8: Y-meg., -wadt carbon C4: .1-mfd.. 600-valt paper
potentionmcter (2% tolerance). S 1: d-coutact rotary switch.

Ra: 40,000-vhim, 20-watc adjnst 1RY9: 900.000-0hm, |-watt carbon S2: DIPST togele
hle wire-wonnd. et sdide To 27 toleranc I"l: 600 to 650-volt power trans

36.000 oluns, S, ]
R3: 2.500-0hm. 3watt wiic
wound

RE: 1o 1wt Ct

1R10: 100.000-0hm, 1-watt carboun.
R11: 13.,000-0hm, 50-watt,
adjustahle wire-wonnd

B-mfd.. 450-volt electrolyvtic.

Meter (O-1 ma, DC). 1Y -volt hias
cell and holder, panel-light as
embly. tubes aud sockets, misc
hardwate.

LOW-RESISTANCE

500-0HM METER

WIRE-WOUND

TO DC+
TERMINAL

FLASHLIGHT
CELL

ADJUST TO READ

1 VOLT TO NEG.

TERMINAL

7. Calibrate the meter with this setup. Leuve
the low-resistance meter connected throughout.

N

8. The VIVYM ~hould give the same reading
as the calibration mcter. Zevo the VTV first.

300,000 OHMS

= /

TO METERS

—67%V. To METERS

8
BATTERY

9. In cach of these circuils try first o low-
resistinee meter and o VTVM; compire resnlts.
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ampere canses tull-seale deflection. 1t may
be necessary to remove shimts or ultipliers
that are used to give the meter a ditferent
scale. 11 vou do.ve-mark the dial as in Fig. 4
Figures 3, 5. und 6 show the jocation of the
parts and the method of connection. Scerape
every contact and tin those that need it be-
fore soldering. This is important it you want
clean. firm joints.

The unit is built into a chassis measuring
37 by 107 by 127, Tube sockets are mounted
along an inmer chassis edge by means of
bolts and  spacers. Some of the resistors
called for may be hard to come by. If vou
have trouble finding any, remember vou can
ahwavs make up the right resistance bv add-
ing two or more smaller units in series. A
higher wattage than specified will do no
harm.

To obtain the proper operating voltage.
a power transtormer, T1. and a 5Y3 rectifier
are used. The sliding arm on R11 has to he
adjusted to 255 volts from slide to ground

Scale selection is accomplished by means
of o single-pole four-position rotarv switch.
With the slider on contact 1, the meter veads
from 0 to 500 volts full scale (which means
that vou multiply the meter scale hy 500)
Contact 2 gives the 0-to-100 range (multiphy
by 100). Contacts 3 and 4 are for the 10-
and T-volt scales.

The wmeter is calibrated tor DC. Note.
however, that a separate terminal is provided
for measuring alternating voltages. These
are rectified in the diode portion of the
6S0Q7. The meter registers peak voltage.
Alternating current or voltage changes its
value every instant. ranging from zero to



peak. The thing vou usually want to knov
about it is the effective value, which is known
also as roof mean square, ov roaes. To con-
vert the voltuge indicated on the meter dial
to rans.. multiply the peak value by 707,
In most cases multiplving by .7 gives a
sufficiently close answer,

When vou have completed the wiring,
chieck the VTV for accuraey of calibration.
Twn it on and allow it to warm up. The
ncter needle will swing off scale, and then
arachually fall toward zero. Insert one test
lead in the commion terminal and another in
the DC jack. After about five minutes, short
the prods by touching them together. Ad-
just B3 until vou obtain a zero reading.
These adjustments should be made with the
selector switeh on the L-volt scale. When
the prods are not touching the needle may
swing awav from zero, but the important
thing is to have the pointer at zero when the
prods are shorted.

If the meter tails to zero properlv. vou
may have to readjust R4 slightlyv, The initial
valie of this resistor was fignred as 36,000
ohms. but it may be necessary to raise or
fower it a little by shifting the sliding con-
tact. A 40.000-0hm adjustable resistor is sug-
aested for R4, Note however, that it is shown
in the dingram as a fixed resistor because
ance the proper value is found no further
adjustment should be needed.

Hook up a Hashlight cell and a 300-0hin
potentiometer as shown in Fig. 7. An ordi-
nary hut accurate voltmeter may be used for
the calibration. Varv the resistor until the
meter reads exactly 1 volt. Connect the
terminals of the VI'VAL to the points shown.
The meter shonld read 1 millunpere—or.
if vou have re-marked the scale—1 volt.

If R7. B8, and R9 arc known to be
within 2-percent tolerance. it should not be
necessary to calibrate for the igher ranges.
However vou mav do so by adapting the
setup of Fie. 7. using a higher voltage
source, a l-meg. potentiometer. and a multi-
range voltmeter. Check full- and halt-scale
deflection on cach range.

To demonstrate  the superiority  of a
VTV over ordinary meters. duplicate the
cireuit shown at the left in Fig. 9. With a
low-resistance meter the probable reading
will be about 23 volts; the VIVM will in-
dicate verv close to 67 volts.

As a second step, check the current
needed by cach of the meters by inserting a
0-1 ma. meter in place of the 300,000-ohm
resistor. Mike a voltave reading across the

10. This simplitied VI'VM uses one tube. Scale

divisions, from 0 to 235, are marked on glass.

terminals with a low-resistance meter and
the VTV\L. The millizunimeter in series shows
how much current is taken by each of the
voltmeters, Tt will probably be something
like .6 ma. for the low-resistance unit. How
much does the VIVM draw? You can read
the answer vourselt at the top of page 130,

Compact One-Tuber

Evervthing that has been said about vacu-
um-tube voltineters applies equally to the
simplificd model shown above and on the
following page. Mr. Rowlev's meter uses one
tube and reads DC voltages only. Tt has
three ranges, from 0 to 2.5, 25 and 250
volts. Selector switeh and  bias cell have
been omitted. and one half of the TN7T dual
triode is used as a power rectifier by tying
the grid and plate together.

Adain, any good 0-1 ma. meter may be
used; one with a fairly large scale is desir-
able since this hookup causes the meter to
zero at midscale. A smalt meter would make
the divisions hard to read.

The power transformer has a high-voltage
secondary of 240 volts on either side of the
centertap. One of the outer leads is cut off
and taped, as are both leads of the 3-volt
secondary, which is not used.

Tube. calibration control. and most of

the small parts wre mounted on a 24”7 by

% aluminum chassis. This unit, in turm,
is installed in a larger cabinet on which are
placed the meter, zero control, selector
terminals, and switch.

Like the other meter, this one has to be
calibrated betore it can be vised. After com-
pleting the wiring, turn on the switch and
let the tube warm up. After a lew seconds
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I1. A few of the parts are attached directly
to the front and top of a small metal cabinet.

13. Remaining parts are wired underneath
the chassis, which is then pliced in the cabinet.

the needle will start climbing to the center
of the scale. Use the zero control to bring
the needle to exact center. Repeat the setup
shown in Fig. 7. Plug a positive test lead into
the 2.5-volt jack and connect the leads to

12, The transformer is bolted to the chassis.
Calibration control and the tube go on top.

tuke a reading. Adjust the calibration control
so that the needle swings exicetly one divi-
sion when the low-resistance meter shows 1
volt. Reverse the polarity of the test prods
and check the swing in the opposite direc-
tion.

Should the reading be inaccurate, readjust
the zero control undl the swing is exactly
one division either wav. Disconnect the test
prods and make a sharp mark on the glass
dial face at the point where the needle rests.
Re-mark—on the glass—this new zervo position
and use it whenever vou are testing on the
2.5-volt scale. Use the normal zero—i.e.,
dead center—on the 25 and 230-volt ranges.
The meter reads both ways from center, so
vou don’t have to worry about polarizing
the test prods. This is handv in checking
bias voltages where vou'd usuallv have to
reverse the prods,

R2: §20.000 oluns. R7:

LIST OF PARTS
All fixed resistors 1-watt carbon, R3: 25.00t-0hn potentiometer. clecirolvc,
R1: 10 meg. R6: 665.000 ohms. S1: SPST toggle

1.00t) ohms.
R3: 2530.000-0hm potentiometer. 1R8: 2.200 ohms.

T1: 480-volt power transtormer.
Meter (0-1 ma. DC), TN7 tube

R4 2700 ohos. Cl, C2: 8-8-mfd., 450-voit dual and lock-in socket. test prods,
+ 250 VOLTS P Rg
o) _ +  347N7 ANSS
R
I CENTER
5 R ﬁF’ = TAP N
oj_l\/\\/\?/x 3 sPe® sea b5 0
425 voLTS NOT
. USED T 15 vouTs
o Ra 1 ac
+ 2.5VOLTS 1 8
o |—=7 | = = 2
TV conTRoL A e o
S Ch 1 +
CALIBRATION
- — A Fl RESISTOR
T T T

14. Halt of the dual triode serves as & power rectifier. the other half as the meter tube.
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The dial plate on which the slug-tuning nuit
is mounted makes up the face of the receiver.

The back of the taner is shown at left. Next
to it is a rear view of the complete receiver,

Pocket Sef las Permeaility Tuning

OMPACTNESS in radio recciver design

4 hus been achieved in nay ways, but
when reallv ting sets are nade they will
probably employ permeability tuning.  1In
this regenerative cirenit the nsual variable
condenser and the coil with prinry, sec-
ondary, and tickler windings are replaced by
a thin plastic Torm 3/16” in diameter around
which is wound a special low-resistance coil.
Au iron slue moves iuside the for to vary
its inductance and tine to any fregnency
in the broadeast band.  The tuning it
nsed comes mommted ona 357 by 5”7 metal
plate; dial and pointer are on the reverse side,

I'he single coil of the tuner serves Lor both
antenna and tickler windings: the Tatter acts
as i feed-hacek path hetween plate and arid.
Reocneration is obtained by varving the
interelectrode capacity of the 12BA6 detee-
tor thirongh the 100.000-olin potentiometer,
K3, When this capacity is high. the circuit
hreaks into oscillution. As the plate voltage
is decrased, the plate-to-grid capacity de-
creases and the tnbe becomes less sensitive
to incomine signals. Best receptinn is ob-
tuined when the potentiometer is sct just
below the point where oscillation hegins.

Four %7 wire-mesh veutilators are let into
the sides of the 1 37167 by 377 by 5&7
wooden box.  Shafts for the switeh and
regencration control are broneht out through
the panel and holes are drilled for mounting
the carphone jacks and the anteana binding
post. Post and jacks must be of the insnlated
tvpe sed should not make contact with the
netal panel.

No classis is nceded sinee hioavy bus bar
is sufliciently rigid to sappoct the b
sockets and other light eomponents. When
wiring the set, leave the tubes in their sochets

to insurc proper spacing of the parts. Adjust
C2, the .001-mid. trimimer that is brought
out throuch the side of the box. until sta-
tions come in at their proper dial settings.
Do not use an external ground. since this
connection iy alrcadv made  throneh  the
115-volt AC or DC line. A lunk of wire will
SCTVC it an antenna, or vou may connect the
set to an outdoor aerial.—FEpwanro BLaNToN.

LIST OF PARTS

RiI: 5 mea. 1o watt carbom,

NR2: 1530000 olnns wall carbon.

313 100.000-0hm potentiometer,

R 30,000 ol watt carhon,

R3: 10,000 oluns. 5 watts rihbon-wonud or
carbon

RG: 130-0lnn line-cavd resistor

C1. G5, CY9:.005 infd., 400 volts midget tabular.

001 antd. (many) trinnner.,

3300002 mid. mic

Ch: L afd.. 400 volls. paper.

C6: .002 wfd.. i

C7: 16-mfdl.. 1530-volt clectrolsvtie.

CS: 20-mid.. 130-vol clectrolyvlic.

P peneahibily-tuning unit for regenerative
cirenit,

S1: SPST rotary.

Tubes. sockets, insulated phone tips, binding post,
stecl-mesh ventibators, mise. hardware.

BUILT
FINTO
LINE
CORD

e 5 O
I Cg=2 &

|
1S/0LT AC-0C” |
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The cathode-regemerative circuit employed in this one-tube tuner is free of whistles
ios. A tiny new crystal used in

and howls, and causes na interference with other radios
wartime radcr equipment acts as the detector, replacing the mare conventional diode

High
Fldellty

Neatly laid out and with all inter-
nal wiring below the two metal
chassis, the rig can be housed ver-
tically or horizontally in o caobinet.
The speaker should be fitted to o
baffle for best tone quality.
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One stage of amplificatian is enaugh to drive a 12" speaker at comfartable volume,
but a smaller unit con be used if preferred. When operating with a phonograph, the
amplifier gives best results if coupled to o crystal pickup of the high-output type,

Dual-Purpose Tubes Provide Five Stages in Unusual Circuit

By WILLIAM NORTON

CIRCUIT design that makes most ol
the compunents double up or perform
some oxtra function is largely respounsible
for the hich quality ot reception possible
with this two-tube receiver. Lach ot the
tubes actually contains two separate sec-
tions within its gluss envelope, and a war
born  development replaces the  detector
tube, adding up to five stages in all
About the size of a small resistor, the
new part, XL in the diagram, is actnally the
old tamiliar crystul detector in a new dress
Engincered for use in compaet rudin equip-
ment. the midget ervstal is now  heing
offered to radio builders as o veplacement
for all tvpes of diode-detector  circuits.
Available with pigtait feads for wiring into
the set, it not only saves spuace but climi-
nates the need for o filament current, result-

e i cooler operation with ne saerilice-
and  possibly  some  gain—in - perlornance
The erystal is tactory adjusted, and its “cat s
whisker™ is imbedded in wax tor uniform
shock-resistant service

Also contributing to the set’s high fidelity
is the use of an audio transformer. emploved
here in u somewhat unconventional circuit
The transformer, T2, has a ratio of 3.5 to |
and, as used with both B-plus and C-minus
leads soldered to the chassis. caories no phde
voltage in its primary winding This tends to
give a flatter respouse curve—that is, more
uniform amplification of signal voltage and
reproduction of the musical and  voice
riunges.

The eluborate filter cirenit adds its share
to smooth performance. Output from the
hall-wave rectifier is first filtered through
the heavv-duty choke, L3, and clectrolytic
condensers CIoand C13. [t s then farther
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" NS-V. PLUG
& SOCKET

3-wAY
PLUG & CABLE

4

Tuning ond regeneration controls are
both ploced on the front of the first
chassis. The regeneration control also
octs as one of the two volume controls on
the radio. To align the set, adjust the
trimmers an tap of C1. Ink the call letters
of local stations on the dial for easy ref-
erence after you have logged all of them.

£

BRONE og LT
JACKS

The size of the metal chassis allows
ample room for neat wiring. Note the
tiny fixed crystal detector X|I; it takes
the place of an extra tube, but is na
larger than o z2-watt resistor.

Large transfarmers and electralytic
SPEAKER PLUG&SOCK\!I condensers contribute to the aver-all
<3 ) | - g efficiency aond tone of the finished
~ ) . receiver. They also give the set a
handsame, prafessional appearance.

. 83 9
* PICKUP 2;}“.: NSV, PLUG & SOCKST

3-WAY PLUG
AND CABLE

»

Nate the shielded wire used between
the grid af the 117N7 and the volume
control, RS. The latter shunts the
secondary of the audio transformer.
The feed-through switch, 54, can be
combined with the patentiometer ar
replaced by a separate panel switch.

SPEAKER r=4
PLUG~ !
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filtered through R7 and C12. Tapped off the
choke, the voltage that reaches the plate
of the 117N7 is higher than the one that
gets to the screen.

Fidelity ot sound reproduction generally
requires that the plate impedance of the
output tube be matched to the impedance
of the speaker. This is done with an output
transtormer that has several taps in the
secondary winding. By sclecting the right
ones, any speaker can be matched to the
tube through the simple trial-and-error
system of testing various taps until the
most pleasing tone reproduction is obtained.
There is enough power in this set to drive
a 127 speuker, but if the full bass rendition
of a large speaker is not required, an 8”
or 10” unit may be used instead.

To make the tuner and audio amplifier
sections independent of cach other, two
metal chassis blanks were used. The first
2” by 77 by 117 unil contains the radio-
frequency, detector, and first-andio stages:
the other holds the second-audio amplifier
and the rectifier. A black crackle finish on
the metal enhances the appearauce of the
work and lends a professional touch to the
equipment. Used alone, the tuner will give
excellent reception on headphones; alter-
natively, the amplifier can be used with
either a microphone or a phonograph pick-
up. Switches S1 and S3 allow individual
operation.

As only one stage of audio amplification
is provided for a phonograph, a high-output
pickup is needed to obtain high volume.
For most satisfactory performance, one of
the new crystal pickups with a signal out-
put of about 4.5 volts should be used.

Alr-core cuils are used in the R.F. stage,
but shielded iron-core coils may be substi-
tuted if thev are casier to obtain locally.
The coils are tuned by a two-gang .000365-
mfd. variable condenser against a dial that
can he marked with the call letters of local
stations. Dials of this tvpe are furnished with
several blanks so that new station letters
can be written in it the set is retuned or
moved to a new location.

Extremely stable regeneration. ftree of
whistles, hoots, and howls, is provided by
the cathode-regenerative circuit, and con-
trolled bv R1. This type of regeneration
hoosts the power of the receiver but does
not interfere with neighboring radios. By
using external line switch S4, and a second
volume control, R3, it is possible to leave
the regeneration control set at the point

where reception is best. No ground is
needed, but if one is used it should be con-
nected to the chassis through a .1-mfd.,
600-volt condenser to prevent any possibility
of shorting the 115-volt line. In some neigh-
borhoods the receiver will give adequate
volume with a very small anteuna, or even
none at all; in others anvthing from a 20/
indoor line to an outdoor antenna of 100/
or more may be needed.

Because this set is capable of quality
sound reproduction, it deserves a cabinet
that will help rather than hinder its tone.
The speaker should be mounted on a baflle

LIST OF PARTS

R1: 50.000-ohm potentiometer. with switch,

R2. R3. R1: 100,000 chms. 4 watt.

R5: 500.000-ohm pot.

R6: 600 ohms, 2 watts.

R7: 500 ohms. 10 watts.

C1: .000365-mfd. two-gang tuning condenser.
2. C3. C8. C11: .1-mfd.. 600 volts.

C4: .0002-mfd. mica.

C35. C6: .05-mfd.. 600 volts.

C7: 00025-mfd.. mica.

C9: 25-mfd.. 50-volt electrolytic.

C10: .003-mfd.. mica.

C11. C12: 8-mfd.. 150-volt electrolytic,

C13: 20-mfd.. 150-volt electrolytic.

L1: Shielded air-core antenna coil.

L2: Shielded air-core R.F. coil.

L3: Shielded filter choke. 10 to 20 henries. 200
to 600 ohms.

T1: Filament trans., 6.3-volt, 1-amp. second-
ary.

T2: Shielded audio trans.. 3.5 to 1 ratio.

T3: Output trans.. tapped =econdary.

X1: IN34 midget crvstal detector,

S1. S3: S.P.D.T. toggle switches,

S2: S.P.S.T. See R1.

S4: S.P.S.T.

Tubes. sockets. P.M. speaker.
plugs, nii=e. hardware.

dial. cable,

to prevent loss of low notes and an over-all
tinny sound. The cabinet should be chosen
with an eve to the versatility of the two
units that make up the receiver. It vou plan
to use a phonograph with the amplifier,
some provision should be made to house it.
The changeover switch, S3, may be moved
if necessary to make it casily accessible out-
side a closed cabinet. Similarly, the head-
phone attachment on the tuner and switch
S1 may be shifted so that phones can be
plugged in with the least difficulty. If the
set is destined to renain in vour workshop,
the metal chassis can he mounted at any
angle on the walls or bench.
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Luxe Yacation Portable

Rivals

ORTABILITY in radios suggests the

great outdoors. vet few manufactured re-
ceivers allow for the different requirements
of out-of-door as against indoor listening.
With the exception of more expensive mod-
els, many commercial portables are either
incapable of delivering comtfortable outdoor
volume or else overload to the poiut of dis-
tortion when they wre turned up to an ade-
quate level.

These were the chiet factors that were
kept in mind in the design of this portable.
In tone it is equal to many large consoles,
while the output level of undistorted voliine
is hizh enough to flood a good-sized room.
Even where surrounding noise would nor-
mally drown out the sound of a radio, vou
won't have to cock vour ear to the loud-
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speaker of this set. For all its power, it is
simall enough in size and weight to be easilv
carried on picnics, beach and boat trips,
and the like.

Two 1S4 pentodes are wired in parallel
in the ontput stage and matched to a light
permanent-magnet speaker to produce the
unusually good tone. The tubes feed into
a universal output transformer that has sev-
eral taps on the voice-coil (or secondary
winding. A transformer with an input capa-
ble of matching load impedances up to
4,000 ohms is desirable since that is the
theoretical resistunce of two 1S4’s in par-
allel. In the original receiver the 2,000-ohm
tap was used because it produced the most
pleasing tone. The transtormer matches this
tube impedance to the voice-coil impedance
of the speaker which, in this case, is 4 to 6
ohms. The speaker itself is one of the light-



A piece of flat brass, cut to fit snugly ocross the
upper part of the case, is used as a chossis. The
lower portion of the cabinet is given over to the
speaker and batteries. One 1.5-volt A and two 45-
volt B botteries supply the set with power. The loop
antenna slips under the lid of the case.

=

est 3” units that can now he purchased: its
alnico wagnet is about as large as a thimble.
Weight, of conrse. is correspondingly small.
The chassis consists of & 3% by 117 strip
ot brass approximately 1 /16” thick. This
piece has no sides but a 27 flunge is tormed
in front to support the dial assembly. By
keeping chassis dimensions to a minmum
and eliminating the sides, weight is reduced
and wiring is made easier. Betore cutting
the chassis, meusure the inside dimensions
of the earrving case you intend to use.
Both sensitivity and  sclectivity are ex-
tremely goad, the former because two stages
of 1 are emploved, and the latter because
in all. cight tuned cireuits are nsed. Tuning
is accomnplished by means of a midget two-
gang tuning condenser. As may be seen in
the top photograph on page 143, the plates
of the oscillator tracking section are con-
siderubly smaller than those of the antenna
section. This is because the oscillator auto-
matically tunes to a beat trequency 436 ke.
higher than the antenna. As usual. all the
IF transformers are adjusted to this fixed
456 ke, intermediate trequency. Incoming
siganls go directlv to the 1IR3 which acts
both as first detector and local oscillator,
A pair of 1T4’s is utilized for IF ampli-
fiers. Ground return leads of hoth the inter-
stage und output IF transtormers (L4, L3)

Here's part of the spring-suspension system that
helps protect this set from the jolts and bumps
that shorten the life of most portables. Anchored
between soldering lugs on the chassis and case,
two tension springs provide a "floating' or shock-
absorbing support for one edge of the chassis.

are wired into the automatic volume control
circuit. Manual control of volume is ob-
tained  through o lanes. variable resistor
(RL1) in series with the control grid of the
185. Detection, or more correctly vectifica-
tion, is performed by the diode plate within
the envelope of the 1S5 The pentode sec-
tion of the tube acts us the first andio
amplifier and is coupled to the detector
through R11 and C12. Resistance and con-
deuser coupling is also emploved between
the first and second andio stages, The latter
consists of the pair of 1S4 power pentodes
which, in combination, boost the audio
signal to the high output level that makes
this set so satisfactory.

Final choice of a cabinet will be made on
the basis of personal taste, price, and avail-
abilitv. The handsome leather-covered bag
shown liere is on the expensive side, and
many less costly but equaully  satislactory
substitutes can be found in anv luggage
store. A smull overnight bag will do pro-
vided that it is approximately the right size
and sturdy enough to stand the wear that
portables are subject to. This case measures
4% by 857 by 114" ontside: a simaller one
is not advisable. Beftore cuttine the case
miake cardboard templates of the chassis,
speaker, and batteries, and decide on the
best position for each of them. Nl the
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positions of the volume control and tuning
shafts and the openings for the speaker and
dial on the outside of the case. Score the
leather with a sharp knife, drill the shaft
holes, and cut or saw the circular speaker
and dial apertures. The edges of the cuts
can Dbe concealed by suitable escutcheon
plates.

Most overnight bags are fitted with mir-
rors, and it yours has one it should be re-
moved and the loop antenna slipped under
the cover lining. Instead of being mounted
rigidly inside the case, the chassis is sprung
to absorb jolts and shocks. Two soldering
lugs are screwed to the top of the case and
another two lugs are bolted to the edge of
the chassis. Between the anchor points thus
formed, small tension springs are installed
to support the rear edge. The tront is held
only by the shafts, which project through
the luce of the bag and are gripped by the
knobs on the outside.

Since, in common with all portables, this

set is dependent entirely on its loop antenna
tor station pickup, it should not be expected
to perform any remarkable feats of long-
distance reception. It will, however, easily
pick up and separate all local stations, and
its performance can be improved by using
the antenna to best advantage. One way ol
doing this is to turn the set as vou tune it
until the position of the antenna favors the
station you are tryving to get. Reception can
also be improved in many cases by leaving
the cover of the case slightly ajar. Most
loop antennas, in addition, have an extra
connection that permits the attachment of
an outside aerial when conditions permit.

In order to keep batterv drain to a mini-
mum, no pilot light was used in this circuit.
This makes it all the more important that
you remember to turn oft the switch when
the set is not in use. 1f you can’t trust vour
memory, insert a I.3-volt .06 amp (60 ma.)
pilot light behind the dial and wire it in
parallel with the tube filaments.

R10: 3 meg.
R1t:
R12: 10 meg.

LIST OF PARTS

All resistors ' watt carbon unless
otherwise noted.
Rl: 100.000 ohms. R15:

2: 2 mep Cl
10,000 ohms.

4: 2,000 ohms.
R5: 5.000 olms.
R6. RY: 5 meg. Ci,
R7: 15,000 ohwms.
K8: 1.000 ohms.

I meg. with switch pot. Clé6:

RE3, R14: 1 meg.

180 ohms, 1 watt.
Twao-gang tuning condenser,
C2, Cl11: ,T-mfd.. 450-volt paper

tubular cond.

C3, CI13: 0001 mfd. mica.

C5. C6, C7, C8. b
Cl2, C15: .05-mid., 450-volt
paper tubular.

Cl4: 0002 mfd. mica

005-mtd.. 450-volt
tubular,
1: Loop antenna.

L2: Iron-core oscillator coil,

L3. L4, L3: input, interstage. and
output IF transformers.

T1: Midget universal ountput
trans.

S1: D.PS.T. switch on R11

Speaker, tubes, case, tube sockets,
shields, batleries, hardware.

paper

€9, Cl10
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Flat on Idier Bumps Turntable

RunBer-coveren idler wheels used be-
tween the driver and turntable vim on rim-
driven phono motors may develop a Hat if
left standing in one position. Flats cause an
audible bump at everv revolution of the
turntable; they are most likelv to develop
during the hot summer months. Before £20-
ing away tor the summer, unseat the tinn-
table to relieve pressure on the idler. And il
the trouble should develop, vou can replace
the idler or turn it down carefully on a lathe
to restore perfect roundness.

\ourier

RADIO

N

Switeh Near Phone Cuts Radio

Tiken of running to reduce radio volume
every time the phone rang, we mounted a
toggle switch near the telephone, By con-
necting it in series with the radio line cord,
we can now turn the set off right at the
phone. The wire leading from switch to

radio is stapled to the baseboard.—Arthur
Trauffer, Council Bluffs, lowa.

144

Troeubles Traced (o Condensers

Distonriox. loss of

. . e OUTPYT OR
Ynh{m(, .u'n(] squeal- 4 O ToR T UhE
ingin aradio can often -

he traced to a faulty
electrolvtic condenser
in the cathode of the
power output tube. A
typical valie of this
condenser is 25 mfd..
30 volts,

HEATER

LEADS
\When a set suddenly G
loses volume but can SISTOR

RE

be brought back by
banging the cabinet or
flicking a light switch
in the room, the elec-
trolyvtic in the cathode
ot the second detec-
tor (57, 6C86, 6]7, etc.)
may be leaky. Its value
is 53 mid., 25 volts.

In replacing either
of these bias condens-
ers, connect the posi-
tive terminal to the cathode and the negative
lead to the chassis or other ground.—Frank
Tobin, Manhattan, N. Y.

ELECTROLYTIC
CONDENSER

Reduces Shock Hazard
Tue tiny zeroing screw on the face of a

Tape

0-300-ma. plate meter on o transmitter
proved to be loaded with high voltage. An
accidental touch produced a painful and un-
expected shock. To prevent recurrence, 1 cov-
ered the head with adhesive tape. It is casily
removed when adjustment is necessary,—
D. J. Bachner, Queens, N. Y.



Bov’s Radio
Lets Dad
Emov His

By Clinton E. Clark

VERYONE in the family will enjoy this
little two-tube headphone set. Junior
can hsten to all the programs especially
meat for hime and Pop and Mo will

escape  the nerve-shattering  tommny - guns
and thundering herds.  Pretuning  inakes

things casy, for any voung listener can turn
on the switch and set the pointer knob to
his choice ot three stutions. A four-position
switch and one extra trimmer would adapt
the set to cover all four major networks, Al-
thongh the cirenit is regenerative, pretun
ing eliminates the usual squeals.

Begin work on the chassis by drilling or
prunching two 14" holes for the tube sockets.
Then drill holes for mounting the line
dropping resistor 17 in front of the 12]5CT
tube. This resistor mmust be above the
chassis hecause it creates considerable heat.

In the back of the chassis, drill three holes

for the phone jacks and line cord, protecting
the latter with @ mbber grommet. In the
tront, drill three evenlv spaced holes tor the
switch, pilot light, and regeneration eontrol.
Drill three corresponding holes in the panel,
plus a fourth for the selector switeh.

After the sockets, lilter  choke, and
seleninm rectifier have heen mounted. the
subchassis wiring mav be started. taking
the power-supply section first. 1f vou have
4 meter, the DC voltace here should test
approximately 100, Then install the fila-
ment eireuit, and determine the 3850-ohm
setting of the adjnstable slide with an ol
meter.

Mount two P2 high stundaff insulators
27 apart on the left rear ol the chassis top.
These support the coil and tuning ca-
pacitors, a soldering Ing being nsed on the
top of each to attach a length of stift wire
to which the condensers are soldered. The
other ends of the condensers are bronght to

Pretune the set with

a bakelite

nentralizing taol or
shaft gronnd 10w serewdriver tip.

simiple.
along.

143

Subchassis  wiring is comparativels
Test the vivious sections as von go



their respective positions on the tap switch.
For this receiver, the coil is the type com:
monly used on small TRF sets, the winding
being a single layer. Remove the primary
winding entirely,

Experimentation generally will show that
the best position for making the cathode
connection is near the bottom or ground
end of the coil. To locate the exact posi-
tion, probe with a needle or pin stuck into
the eraser on the end of a peneil until yon
find where regencration control R2 operates
smoothly. Then make a soldered connec-
tion. To adjust the tuning condensers, use
a serviceman’s neutralizing tool, or, lacking

L

9|

ST

this, a 47 length of bakelite shafting ground
to a screwdriver tp. An outside antenna is
desirable but not absolutely necessary.

L1: TRF coil.

L2: 10-hv.. 50-ma. choke.

C1.C2_C3: 400-mnt. trimmiers.

Cd: 0001 mid. mica.

C5: 1 mid

C6.CY: .01 infd.

C7: 4 mfd

C8: .005 mid.

C10: dual 20-20-mfd.. 150-volt, clectrolytic,
Rl meg.

LIST OF PARTS

R2: 50.000-0hm pot.

R3: 100,000 ohmns

R4, R5: 230,000 ohims.

R6B: 2,000 olims.

R7: 600-ohm  wire-wound, 20-wauls; adjnstable
10 380 ohms.

R8: 100 olms.

SR: 75-ma. sclenimm reclifier.

S1: Sinule-pole, 3-position selector swileh.

$2: SPST rotany switeh.

Simple Guard Protects Needle

——————— SETSCREW

Pivsicar abuse is w frequent cause ol
crystal-pickup failure. This may be avoided
by installing o permanent-needle tvpe of
cartridge with w gnard or by building a
guard for your present pickup.

An effective guard mav he made from a

by E57 strip of shim brass .005” thick.
Drill a % hole in the center for the ueedle.
Then bend the ends of the strip upward
parallel to the needle, and finally. if the arm
is the type at the left above, outward so that
the ends mav be fastened to the bolts that
hold the cartridge in place. Drill holes to
suit these bolts.  Form the guard so the
necdle projects about 1/167,

Install a jeweled or other permanent
needle and replace the thumbserew with a
setscrew., The arn need not be rebalanced
as the weight of the brass strip is not suf
ficient to warrant it —NMax A,
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CoxsibERABLE time may be saved and
pussible errors eliminated by using price
tags to mark the wires when muking re-
placement of radio parts, During reassem-
bly, the tags will show exactly where each
wire goes. By crasing the pencil marks, the
tags may be used many times. Such tags
are availuble at ollice supply stores.



Genting ready for summer aftemoons? A radio is almost as important as sunshine and water.

High and low battery positions as well
as AC and DC this
versatile sel

operation give
surprising economy,

By Henry €. Marviin

Plan the parts layvout an

Irilf the necessary
holes. Rub dow:

the chassis with steel

WOO0

to clean it up and smoath rough-cut vdges

"I*\VO resistors can make a big difference
in a radio circuit. In the little set pic
tured here. thev muke a whopping ditference
in economy and batterv life. Youve seen
standard three-way portables that operate
or 90 volts of B batterv or from an AC or

a to-
par-

Save space l)} joimng small parts tha
dether—uch as concensers and resistors
lel—hefore solderiiyg them into the sc

B Al 5 3‘&}




CHASSIS

50),
115 VOLTS (s0),
(AC-DC) Rs

A\

o

S"SPEAKER

R2: 6,800 ahins

R3. R12: 2.2 ey

Rt M7 10 e

R3: 30-0hm. F0-watt wire-wounml

denser  with

R13 130 ohms
K14, 1.500-0] 25-walt adjnst
dle wire-wound Ivtie

LIST OF PARTS
L esistors Paowatt carbon unless R13: 2,500 oluns. Ci6: .01-infd.. 200-volt midget
olhenwise specified. RI1G: 20 ohins paper
R1. 30000 oluns. Cl A, B: Two-gang tuning con S1: DPST switeh on R6G.

cut-plate
for 133 ke 1}
C2: 50-mwnl. micit or ceramic

C3.C5.C6.CY. Cla. C11.Cl14 test )
[ wE. poleutiometer (v O 1-mtd. 200-volt miduct paper. SR 100-ma. selenium rectilier.
e Cong C4:.05-mtd.. 200-volt midget L1: Loop antenna
RE: 2.200 ohm paper 1.2: Air-core osc. coil
RY: 200-0lin. 10-watt wire-wonnd. C7: 20-mtd., 130-voll ¢lectrolvtic, I IF2: fron-core intermedinte
W10 3 me CS: 100 HiC frequency  transborneers.
Ril: | meg C12.C13: 30-30-mid.. 150-vult Batteries (90 volts B 712 volts A

dual vicerrolytic
C15: 100-infd., 30-volt electro-

sechion SN2 DPDT 1ouel
$3: DPST 1ogyle.
T1: Midget ontput 1rans. (sce

37 PN speaker. tubes. socket
citbinet,  back  pancl,  chassis
diab. tine cord and plug,

DC tine. Another common design is th
“personal” radio that generallv nses a 67%-
volt battery to save space. Compactness is
achieved, but at the cost of lowered sensi
tivitv ind vohnne.

ticre toy the first time, both cirenits are
incorporated in one set. Indoors vou'll yun
this receiver off the house lines. When vou
get out of range of an extension cord, how
ever. vor'll find that packaged power not
onlv delivers the goods hitt does so at a con-
siderable saving,

The whole trick is in the addition of twa
dropping resistors and an cconomy switch
Using 90 volts of B battery and 7% volts of
A, the receiver performs with maximum
sensitivity and volime.  That's fine for a
noisy heach or ball park. or when von wunt
to listen to a far-oft station. But most of the
time vou can get awav with lTess power with
out noticing the difference. Flicking a switeh
reduces the potential from 90 volts to about
GO, and from 7% valts to 6. Current drain
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from the B battery is cut from 18 milliam
peres to 70 while A current goes down from
55 ta 45 milliamperes.

All of this means long, Tong battery life
tor even after the cells have rmn down by
third, the set will continue to give first-ratc
performance it the economv switeh is set
up to maximum.  To reduce batterv drain,
RIS, a 2.500-0lim resistor is inserted in the
B-plus line, and RIG, o 20-olnn unit s
placed in the filament lead. When fnll power
is needed, the DPST switeh, 3. shorts out
the dropping resistors.

A small 90-volt battery was nsed in this
set in order to hold down size and weicht
It vou don’t mind a slightly heavier pack
age, vou can get even greater economv In
using two of the huskier 43-volt batteries
in series.

Another featire of this set is a simplified
rectifier circuit for AC-DC operation, 1t con
sists of o F0O-ma. seleninm rectifier. three
electrolvtic condensers, and three resistors.



Wire-wound resistors are mounted outside the
chassis for better heat dissipation. One machine
serew holds the selenium rectifier.

Oue of the latter, R14, is a 1,500-0hm, 25-
watt unit with an adjustable tap. Setting the
tap varies the filament voltage. It should
be adjusted so that the tubes get about 7
volts—or even slightly less—when the set is
being operated on house current. For test-
ing, fix the tap to give a division of about
1,200 ohms to 300.

The balance of the circuit follows stand-
ard practice pretty closelv. There are four
miniature tubes in addition to the dry-disk
rectifier, making this the equivalent of a five-
tube superhet. The first tube, a 1R5, is a
pentagrid converter that acts as an RF am-
plificr and local oscillator. The incoming
signal is tuned by one section of the two-
gang tuning condenser, C1; the other gang
tunes the oscillator. Trv to buv a condenser
that has cut plates for the oscillator section,
and built-in trimmers on both gangs.

The IF amplifier, a 1U4, operates at the
fixed frequency of 433-6 ke. Two IF trans-
formers, tuned to the same trequency, are
also emploved. Midget transtformers with
powdered ivon cores were selected as ivon
carcs give higher cain. It makes relatively
little difference whether fine adjustinent is
made by means of air-spaced trimmers or by
moving the iron cores. The diagram indi-
cates a movable-core transformer, but the
trimmer type may be more generally avail-
able and will work as well.

The dual-electrolytie condenser projects partly
below and partly above the chassis. Tt is fas-
tened on top by its mounting collar.

A diode detector and pentode amplifier
are combined in the 185. The former demod-
ulates the RE sigual, the latter acts as a
first audio amplifier. The 3V+4 tube used in
the output stage is a relatively new develop-
ment; it was selected because ol its effective-
ness in amplifving weak signals and bringing
them up ta loudspeaker volume. Although
this tube has a plate impedance of 10,000
oluns, it was found that an output trans-
former with an 8,000-0ln primary and 3.5
to 4-ohm secondary gave satistuctory match-
ing. Transformers of the latter tvpe are
more readily available in small sizes.

An aluminun chassis measuving 157 b
4% hv 537 provided ample space. However
it is always a good idea to assemble the
parts for a set before finallv determining the
chassis size and arrangement. Aluminum is
first choice for the chassis as it can be dvilled
and cut easilv. Seven lurge hioles had ta be
made for the tube sockets. the dual-clectro-
Ivtic condenser, and the IF transformers.
Socket holes are %7 in dimneter, those tor
passing the IF leads through the chassis are
u7  The 30-30 dual electrolvtic used here
required a 1%~ hole in order to be mounted,
as shown, partly above and partly below the
chassis. If von don’t have chassis punches
in the right sizes, drill smaller holes and file
or ream them to the required diameters.

Solid pushback wire is the casiest to use
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A small wooden cleat behind the chassis keeps
ft from sliding Dack in the cabinet. Cleats are

for wiring the parts, and is suitable for all
except the batterv leads and those to R14.
Cotton-covered stranded wire has the inside
track for these connections where extra flexi-
bility and current-handling capacity are im-
poctant. Note that R5, RY, und RI4 are all
mounted above or outside the chassis. This
's done becanse these resistors—all of the
wire-wonnd tyvpe—gencrate more heat than
could be readily dissipated if they were con.
fined under the chassis. Thev only come
into operation when the set is used on a
LI5-volt line. Should thev appear to get
toe hot, it might he well to open the back
cover when the set is kept on for long.

A dummy wall ouilet is screwed to the side of
the cubinet to provide an anchor for the AC-DC
cord when the sct is operated on batteries.

15C

Ne, 1743
L ad
satvaey |

also used to keep the hatteries in place. For
carrving, a leather handle is screwed on top.

Although IF transformers are preset at
the factorv, wiring them into a set mav
throw them slightly out of adjustment. When
the assembly is completed, tune in a station
at the high end of the broadeast band (the
plates of the tuning condenser are ont of
mesh at the high end) and rock the trim
mers on the IF transtormers very slightly
to peak the signal. Use a small serewdriver
tor this adjustment, or, preferably. an in.
sulated tuning wand. Make anv similar ad
jnstment that may be necessary on the trim
mer alongside the oscillator section of CI.
Rock the timing dial back and forth while
adjusting this trimmer, and then make a
final check on a station at the low end of
the band,

An inexpensive solution to the cabinet
problem is to use one of the replacement
cabinets for AC-DC receivers availuble at
many supply houses. It isn’t likely that an:
of them will come with carrving handles
but an attachuble luggage handle tukes care
of that. Cut a plywood, plastic, or similar
back to the proper size and hinge it to the
cabinet along one edge. A loop antenna can
he fusteued to the hack with « couple of
serews. The speaker is attached directlv to
the front punel behind the grille, and the
chassis is held by the two toggle switches
the volume control, and the tuning con.
denser. 1f necessarv, tack in wooden cleats
to keep the batteries from shiftine inside
the box,



Tape Shields Speaker Magned
Snovep vou have to saw or file control
shafts or other metal parts ot o radio while
mauking repairs or veplicements. see that no
filings are permitted to enter the speaker
cone. where they inay caunse distortion and
rattling.  You can protect the speaker by
keeping a strip of adhesive tape over the
opening while vou work.—HL Leepri.

Markers Make Tuning Easier

WepGr-siapen  bits
of cellulose tape make
station scttings easy to
locate.  Lettered  with
India ink and placed in
appropriate spotson the
dial, they help vou tune
in where the light s
poor without having to
remember wavelenaths
of favorite stations.—G.
E. HarmNcros.

Braid Grounds Condenser

Norsy and  erratic tuning i1s sometines
cinsed by a poor connection hetween a tun-
ine-condenser rotor and aronnd. Tt s espe-
ciatlv conmnon in portables where the eon-
denser has been momnted on rmbber to
absorb vibrations. A short piece ot tinned
braid soldered hetween the condenser traine
and chassis cures it —I“ravk Tonix.

Rifle Shells Used as Wire Caps

Neat ends torshield-
ed wire can be made
from used 22-cal. rille
shells. Drill or pnnch a
hole in the end. slip the
conductor through. and
sulder the braid inside
the shell. Empty shells
are also useful as grid
caps.  Spread or pinch
the side ot the shell to
fit. —Ricnann Sai 7R,

ixtra Speaker Converts Receiver to an Intercom

S
4

TALK O LISTEN

SET

-

‘SPEAKER IN SET

{

.||t'

Ko receivers having safficiently high
audio eain will double as intercoms with
the addition of an extra speaker and trans-
former. A single wired commection to the
remote speaker is sufficient. siuce the re-

TO PHONO
PLUG ON

_EXTRA OUTPUT =
TRANSFORMER =

A T & OuUTPUT {
TRANSFORMER
IN SET
O LISTEN.
TALK TO REMOTE
L SPEAKER |
- —:—*

turn can be made to w common  ground.
When the switches are turned to “Talk.” the
speakers act as microphones. A single DPDT
switch mav be substituted tor the two SPDT
units shown in the diowing - Lis Joxes.
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terv Phono-Radio Portable

uilt into a small carrying
case, this one-tube radio-
phoncgraph can be played
anywhere. To suppress sur-
face noises, close the lid
while records are playing.

DORTABILITY in a radio-phonograph
nsually means little more than that the
unit is huilt into a carrving case and provided
with « handle. Such @ set can be carried
aronnd - casily enougl, but can only be
plaved where the rvight current is available.
It vou don't want to be tied down by the
power lines. and are willing to sacrifice the
couvenienee of an electric motor for the ad-
vantages of complete mobility, this one-tube
combination will reward vou by plaving anv-
where so long as it is supplied with batteries
and yvou remember to wind its spring-driven
turntable motor.

The amplifier is a straightforward one-
tube circuit in which the single tube—a
IDS GT—acts as a two-stage amplifier. Qut-
put from the pickup or from a fixed ervstal
detector is fed into the grid of the triode
section which is resistance-capacity coupled
to the power pentode. A variable 250,000-
ohm resistor between ground and the grid
of the first audio stage acts as a volume
control for both the phonograph and radio.
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Music where you like it
with this spring-driven,

battery-powered record

player and receiver.

By WILLIAM NORTON

Small as it is, the amplifier delivers enough
power from the pickup to overload the 5~
speaker,

Radio strength is not nearly as great, but
local stations can be picked up with sood
loudspeaker volume.  An external antenna
and ground will usually be required for
clear reception.

The primary winding of a  standard
shielded antenma coil is connected to the
antenna post and induetivelv coupled to
the secondary winding: capacitive coupling
hetween the two coils is provided by C1, a
FO-mmt. air-spaced trimmer. The combina-
tion of inductive und capacitive coupling in-
creases selectivity without sacrificing volume

For the tuning condenser, C2, a midget
360-mmf. variable capacitor was used. Small
dimensions for this part are important if the
coudenser is to clear the speaker frame when
the chassis is mounted in the cabinet.

The signal taken from the plate of the
power pentode is matehed to the speaker
through a midget universal output trans-



IMIELDED
WIRE

| PICuP
-
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S2 y . NUT HOLDS PANEL

This one-tube circuit actually
includes a two-stage amplifier
fed either by the pickup or by
‘ the tuned circuit and detector.
5 SPEAKER rarts ore keyed to the list at
the bottom of the next poge.

COVERLD wOOD

STEEL CHASSIS

| TOGGLE - SWITCH

TO CHASSIS

A ]
’Ig VOLTS |tVOLTS

The chassis is a 6" by 6" metal ; 9

sheet bent to conform with the
slope of the wood panel. The
cabinet is covered with artifi-
cial leather both inside and out.

former. Taps on the secondary winding of
the transtformer permit selection of the most

pleasing tone.

An antomatic bias circuit consisting of R4

and C6 makes it unnec-
CSNUrY Loocarry o sepn-
rate "CT battery to bias
the grid of the pentode.
Bias voltage is taken
from the drop cross
the 600-ohm resistor,
Two midget 67 %-volt
BT hatteries wre con-
nected in series to give
atotal ot 133 plate volts,
but anvihing from that
down to 90 volts would
serve. Higher plate volt-
age. of course, gives
higher volume output,
but for most purposes
the lower voltage will
be sufficient. A 1l-volt
“A” battery supplies the

Wiring must be kept reasonably compoct, Ect if small parts are used, no
special crowding is necessary. Note the small 360-mmf. tuning condenser,
and the miniature fixed crystol detector on its right.
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At right, on inside
view of the case with
the phonograph mo-
tor board removed.
Note the position of
the batteries, which
are clamped clear
of the motor.

The control panel is
shown below in close
up. The knob on the
left governs Rl and
52, the volume con-
trol and switch. To
keep from draining
batteries, turn off
the switch when the
set is not in use.

tube’s Glament. The entire chassic is mounted
o a 67 I 67 steel sheet wiicly is hent to fit
below und in leont of the control panel. To
mount the chassis to the pancl. bolt the
togale switeh throngh hoth picees, as shown
in the drawing on page 133, Follow the
SN pl'uc-z-(lln'c with  the  antenna and
gronnd jacks.

Phonograph cases are now available in a
wide seleetion of attractive higaage stvles.
and vou can alimost cortaindy find one to snit
vonur taste and price. One factor that must
be taken into account is the size of the ree-
ords that vou intend to plav. Oulv (07
records can he plaved on the model shown
heve, and w larger case will be needed if
vou want vonr combination to handle 127
disks as weil.

Single spring phonograph motors require
abont 30 s Tor a il wind, and ihey will
then plav iwo 07 -record sides,
wind the motay
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Bou’t over
e torce i handlineg it

Bearings shonld be oiled occasionally, and
the gear teeth bricated with petrolenm
jellv aibont onee a vear,

I the motor has a speed reaulator, set the
pointer at 80 or midway hetween “S7 and
7 Accurate adiustment of timitable speed
may bhe made with strohoscopic record, Dt
it you don’t have one of these, insert slip
of paper bhetween the tirmtable and a record
so that it projects at one point. Then comnt
the nmumber of times the paper passes o
given spot in o minnt Increase or decrease
the specd until vou get w count of 80 L.
Actual playing speed, allowine for the weight
ot the pickup on the record, will then be
very close to 78 r.pan., the speed for which
many popular recordings are cut,

LIST OF PARTS

Cl: 10amnl, air-spaced trinnmer.

C2: 360 oideel tining condenser.

C3: 200 t.m

Cd: 0T-td., 600 volts

C5: .02.nfd.. GOC yalis

C6: S-ibd.. 130-volt clecliolvtic

L 250000 0l sohane contio!, with switeh.
Sce 82

R2: 10000 watl carbon,

H3: 1 ¥ vl e

RA4: 600 2 walt '

SES P ol swit with Toner neck.

S22 DPSIT swateh on vol cantral,

N: INS3H fined ey sta

L1120 shield o e coil.

Lo NMideset a1 W

Cryslal i - wonnd waotar, halleries,
57 1\ ¢ : aet. dial, haobs, ete,




If the rectifier stock doesn't fit conveniently beneoth
the chossis, solder two extension leods to its terminols
ond instoll the disk over the empty tube socket.

HS-voLT
PILOT

5-10 WATTS

nrze BEFORE

FILAMENT

1I5VOLTS

RECTIFIER

FILAMENT

1IISVOLTS

AFTER

- Dry-Disk
" RECTIFIER

REPLACES
BURNED-OUT TUBES

RACTICALLY all commonly used recti-
fier tubes are now replaceable by drv-
disk seleniuin rectifiers. They not only take
the place of hard-to-get tubes, but are also
smaller, cooler ind quicker in operation (be-
cause thev have no filuments to warm up),
and thev won’t burn out or break under
conditions that generally damage tubes.
Details of the replicement vary from set
to set; the diagrams on this page show two
typical installations. One involves a 33753
tube and the other a 11726. In the former
case tube filuments are in series, requiring
a 200-ohm, 3- to 10-watt resistor to be in-
serted in the line to provide continuity for
the other hcaters. Since the pilot light is
generally operated off the center tap of the
3525, some changes are called for in that
circuit as well, One of the simpler solutions
to the pilot-light problem is shown at the
upper left. The original pilot connections
are shunted, and a 113-volt bulb is conmect-
ed between the cold side of the power
switch and the old tube’s plate prong.
Where a tube of the 117-volt type is be-
ing repluced, o series resistor of hetween
25 and 100 ohms is needed (as shown in the
bottom drawing) to compensate for the low-
er internal resistance of the dry disk, The
filament connections, however, may be re-
moved without aflecting the other tubes.
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The versatile tuner-receiver. In the background is PSM's hi-fi amplifier, which is described an page 160,

Working inta a single dyncmic speaker, the tuner
becames o complete, bettarthan-average receiver.
It separates stations sharply. hos ample racm rol-
ume, and its fidelity and tore are excellent.

PSM photos by HUBERT LUCNETT
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LIST OF PARTS

R1: 10,000-ohm volume control.

R2: 750-ohm, 1-watt carbon.

R3: 15,000-ohm, 2-watt carbon.

R4: 5,000-0hm, 2-watt carbon.

R5: 10,000-ohm, 10-watt wire-wound.

R6: 20,000-ohm, 2-watt carbon.

R7, R11: 150,000-ohm, 2-watt carbon.

R8: 240,000-0hm, 2-watt carbon,

R9: 350,000-ohm tone control, with switch, $3.

R10: 40.000-0hm, 2-watt carbon.

R12: 2,000-ohm, 10-watt wire-wound.

R183: 125,000-ohm, l-watt carbon.

R14: 1-meg., 1-watt carbon.

Cl1, C4, C16: .25-mld., 600-volt paper.

C2a, b, c: Three-gang, 365-mmf. tuning con-
denser.

C3, C10: .1-mfd., 600-volt paper.

C5, C6, C7: .0001-mfd. mica.

C8, Cl1, C12: .02-mfd., 600-volt paper.

C9: 8-mfd., 450-volt dry-electrolytic.

C13, C14, C15: 8-mfd., 450-volt can-type elec-
trolytic,

L1, L2, L3: Matched set shiclded TRF coils,
powdered-iron core.

L4: 2.5-mh., air-core RF plate choke.

L5: 15-h., 75-ma. filter choke, 400 ohms DC
res.

T1l: 90-ma. power transformer, 350 volts each
side of centertap, 6.3-volt filament, S5-volt
rectifier windings.

S: DPDT toggle.

S§2: SPDT toggle.

S$3: SPST switch on R9.

Electradynamic speaker wun output trans. and
1,500-clm field coil; tubes, sockets, dial,
mise. hardware.




Tune In on High Fudelity

This TRE unit can be used with an

amplifier or as a self-suflicient high-

quality radio receiver,
By Edward Blanton

OUND svstems, like chains, are only as

good as their weakest parts. Here is a
really strong beginming for that high-quality,
high-fidelity system vou've been planning
to build—a tuner or receiver that will give
vou perfect, undistorted reception of every
note sent out on the air by vour local
broadcasting stations. The set pictured at
the left is a complete radio receiver. Used
alone, it will give excellent trequency cover-
age and ample room volume. It may also
be used with an amplifier as part of a more
powerful and elaborate setup. The follow-
ing article gives a circuit for an amplifier
that will do full justice to the pure sound
ol this tuner.

But before vou start, note the phrase
“local broadeasting stations.” A tuned radio
frequency (TRF) circuit such as is em-
ploved here allows the full signal to come
through to the detector stage. It does not
have the tendeucv of the superheterodyne
to clip the side bands of broadcast signals,
often eliminating the high-trequency re-
sponse. The disadvantage of TRF is that
it lacks the ability to pull in and sharply
separate distant stations. \What this adds
up to is simply that this tuner is recom-
mended for those who live in or near metro-
politan areas and who do most of their
listening to nearby transmitters. For remote,
rural listeners, a superhet tuner will prove
more advantageous. However, it the sta-
tions are close by, vou needn’t worry about
the selectivity of this set. lts three tuned
circuits give plenty of separation between
stations even in radio-crowded areas.

Primary and secondary windings of the
antenna  and  RI coils  are  inductively
coupled, and, in addition. the windings of
the two RF coils are coupled through small-
capacity condensers ‘built into the units.
This construction allows a flat band of

frequencies to pass throngh to the detector
stage. All coils are shielded.

To do justice to the full-trequency ve-
sponse, an infinite-impedance detector cir-
cuit is emploved. As can be seen in the
diagram, the output from the 6SI5 detector
is taken from the cathode rather than the
plate of the tube. This design, hetter known
as a cathode tollower, requires no plate by-
pass condensers, which usually dampen the
high notes; linearity of such a detector is
straight [rom the lowest to the highest tones.

But again, the increase in fidelity is not
achieved without cost. While a cathode
follower passes a signal faithiully, it adds
nothing to its strength, and another stage
of amplification is theretore needed. This
stage is built around the 6VG-GT.

When the set is connected as an inde-
pendent receiver, the 6V6 acts as a pentode.
I'licking two switches changes the unit to
a tuner and modifics the tube connections
to those of a triode. This reduces the out-
put, all of which is not now needed, and
which might overload the anplifier. As a
receiver, provision is made for the use of
a dynamic speaker with a 1,500-ohm field.
In order to change over to tuner position,
it is necessary to make contact across the
field-coil terminals and also to achieve a
compensating voltage drop. This is accom-
plished by R12 and S2 when the latter is
in position B. Still another change is need-
ed: when the set is used as a receiver,
two terminals of the four-prong speuker
socket are connected to the output trans-
former of the dvnamic speaker. As a tnuer
the set feeds directly into an amplifier, so
the transformer terminals nimst be shorted
to complete the circuit. 'the shorting con-
nection is made by a jumper plug (indi-
cated by the broken lines in the socket
diagram) in which the corresponding prons
have been wired together.

In order to keep the it self-sufficient,
separate power supply and  filter svstems
are emploved in this tuner and the forth-
coming amplifier.  This results in slightly
Ligher parts cost but makes the nnits com-
pletely independent for all fnture uses.

Layout isn’t critical, but yon will note
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JUMPER PLUG

Top view of the chassis. Jumper plug replaces the dynomic-speoker plug when the set is used as a tuner.
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in the antenna lead and in the plate con-
nections of hoth 6SK7 tubes as well as in
the grid lead of the 6V6.

To use the set as u receiver, plug in a
dynamic speiker having a 1,500-0hm field
coil, turn S1 to the position marked “re-
ceiver,” and $2 to position A. Connect an
outside antenna to the insulated jack, and
ground the chassis to a water pipe.

Should vou want the set to feed an am-

in the photographs that the three basic sets
of components—RE, power supply, and de-
tector-audio—are  grouped and placed at
maxitmum distance from each other. Espe-
cially in a circuit of this sort where detec-
tion and amplification give such faithful
reproduction of the signal that passes the
RF stages, it is important that stray pickups
be held to a minimum. In addition to spac-
ing, theccfore, shielded conductors are used
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plifier, reverse the positions of both S1 and
S2 and replace the speaker plug with the
jumper described above. Run a single-
conductor cable with a braided external
shicld trom the binding posts to the input
connections of the amglifier. The braided
shield of the cable, of course, goes to the
grounded terminals at tuner and amplifier.

A parallel tine fromn :he 113-volt supply
is brought out to a s¢parate socket on the

chassis. By connecting it at a point heyond
S3, in parallel with the transtormer pri-
mary, $3 will then serve as a master switch.
An amplifier mayv be plugged mto this
socket ané turned on or off by the switch
mounted on the tone control of the tuner.
This arrangement will facilitate housing of
the multiple units in a cabinet, since all
controls on the amplifier can then be preset
and left in fixed positions,
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Hi-Fi Amplifier Gets
ALL the Music

It has power and quality, and will
faithfully reproduee the output of

pickup, mike, or radio tuner.
By Harry R. Hyder

ANY umplifiers claim the flattering
title ot high fidelity, but relatively
tew satisty the major requirements

of accurate record reproduction. It is true,
of course, that there is a good deal of argu-
ment as to just what is meant by the term,
but all definitions agree on at least two
things.

Minimum Distortion

The frst requirement is low distortion.
This means that each stage must have a re-
serve of gain so that it is worked well with-
in its maximum ratings at all volume levels.
Tubes and other components tend to distort
a signal when driven at or near their theo-
retical limits. While the reserve is important
for all parts of an amplifier, it is particularly
needed in the power-output stage. For good
volume in an average room, only one watt
of power is required, but occasional sound
peaks may call for several times as much,
and the amplifier should be able to deliver
these peaks fuithtully and without over-
loading. A high-fidelitv amplifier, then,
needs at least five watts of undistorted out-
put power.

Frequency Coverage

Wide frequency range is the second im-
portant requircment. Practically all funda-
mental musical notes are below 3,000 cvcles
per second, but the overtones—the harmonics
or multiples of the tundumental—that give
musical instruments their characteristic
sounds extend bevond the range of the hu-
man ear to about 15,000 cvcles, At the pres-
ent state of the recording art, the highest
audio frequencies cannot be put on commer-
cial disks, but the best new records exceed
10,000 evcles, and vour amplifier should be
capable of reaching this level without anv
falling oft in output. At the lower end, the
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limit is set at about 50 cveles. Good bass
reproduction, however, is easier to achieve
than good treble.

Test Results

How does this amplifier meet high-fidelity
requirements? Actual tests were made on
several units built from the same plans with
similar but not identical parts. In each case
the output was measured at 9 watts or more
betore distortion became audible; at 5 watts
distortion read less than 2 percent. Fre-
quency response proved virtuallvy flat from
30 to 10,000 cycles—that is, all notes be-
tween these limits were amplified about
equally,

Because the amplifier has power as well
as quality, it can be used not only with a
radio tuner and record player as a complete
radio-phonograph combination, but also with
a microphone to make a public-address svs-
tem.

Construction Notes

The first, or phono-input terminal, I1, is
tollowed by an equalizing network, R1 and
Cl, and then by a 6SJ7 input amplifier.
When this tube is wired as a pentode, the
gain of the stage is more than 100. Since
this is much greater than will normally be
needed, an alternative circuit is given in the
drawing. Tving screen and suppressor grids
to the plate chunges the tube to triode oper-
ation, and mukes it possible to omit several
components. As a rule, triodes give lower
output than pentodes, but also have less
tendency to produce distortion. Unless vou
intend to use the amplifier for public address,
vou will find the triode circuit completelyv
satisfactory. To find where the wires go,
simply lav the shaded portion of the dia-
gram over that part of the original which is
drawn inside the broken-line box, so that the
connections V, Y, and Z coincide.

For the second stage a 6N7 is used as a
phase inverter in a sell-balancing degenera-
tive circuit. Part of the output of the first
triode inside the tube envelope is fed back
to the grid of the second triode in opposite
phase to the original signal. This produces
the out-of-phase signals that are fed to the



These three uni-s and a carryinc case in which the specker is baffled make a complete portable PA system.

push-pull grids of the 6F6s. Strong signals
from a microphone or tuner may be fed di-
rectly to the GN7 through iuput terminal 12,
thus by-passing the equaliz ng network and
first amplifier as well as the volume (R2)
and tone (R7) controls. Since microphones
and tuners vary, try both inputs and use
the one that gives best resuits.

Tone control, in itself, i usually a com-
promise with high fidelity. \ condenser and
variable resistor silence 1pper-frequency
noise merely by shunting these frequencies
to ground. Fut while this gets rid of the
noise, it also Joses the notes with which it is
mingled. Many high-fidelity enthusiasts feel
that a small anount of noisc is preferable to
tone-controlled music. To satisty both sides
of the argument, R7 has been connected di-
rectlv to switch S1, making t possible to cut
it out of the c.rcuit entirely.

Two 6F6s in push-pull form the heart of
the power-output stage. They are connected
as triodes in the interest of low distortion
and high speaker damping. A 5Y3-GT is
used as the tullawave rectifier in the power-
supply circuit.

The entire amplifier is mounted on a
standard 2 by 77 by 13” metal chassis. As
cun be seen in the photographs, the space is
not used tightly and a smaller chassis may be
cubstituted if cabinet dimensions demand it.
Power-supply components wre pliced at one
end and the input stage at the other, whil
the phase inverter, output tubes, and output
transformer occupy the center of the chassis.
The principal precaution to be observed in
wiring is to keep the AC filament leads
spaced as fur as possible from the grid leads,
especiullv in the sensitive input stage. It is
also suggested that the 6S]7 socket be
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The input stage at one end of the chassis is isolated

mouuted on live-rubber grommets to reduce
any tendency toward microphonics,

Pickup and Speaker

So far as actual sound quality is concerned,
a high-fidelity phonograph amplifier is no
better than its pickup and speaker, so a few
words on these may be in order. Crystal
pickups are used almost universally today
because of their low cost, high output, and
generally good performance. As a rule, pick-
ups of low output voltage have slightly bet-
ter quality than the high-output types. Since
this amplifier has such an abundance of pow-
er, the choice of a pickup should be made for
quality rvather than output.  Better pickups
are also noted tor light weight; many differ-
ent ones are now anvailable with a needle
pressure of about | oz. With most records
crystal pickups have higher output at low
frequencies than at high. Theretore some
form of equaldization is needed to boost the
treble. In this amplifier it is accomplished
by RL und C!. Note that these we in the
circuit only if the pickup is connected at 11.

The speaker selected should be eapable of
handling the full power of the amplifier with
out overloading and distorting. Mount it in
a solid balfle of adequate size. For best bass
reproduction, @ speaker of at least 12”7 diam-
eter is recommended. Speakers of the coax-
ial tvpe, consisting of a small high-frequency
cone, a Lrge low-frequency unit, and a di-
viding network. give maximum coverage but
are quite costly. The better permanent-mag-
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from the heavy-duty power and filter components.

net speakers now on the market give verv
satistactory response and are priced much
lower. For public-address work, two or even
three speakers may be used. If they are
identical, connect similar terminals together;
if thev are not, experiment with the con-
nections until vou get the speakers in proper
phase. See that the units are at least five
teet from the mike, pickup, and amplifier.
When they ure grouped too closely, acoustic
teedback or “howls” may occur at high
volume levels.

LEST OF PARTS

R1: 2.2 meg., '& watt. volts, dry electro-

R2: l-meg. volume vtic.
control. C5.C8.C9: .1 mnfd.,
R3: 1,500 oluns, 400 volts. paper,

%4 watt.

R4: 1 meg., ¥ watt,
R53, R14: 270,000
ohms, 4 watt.

R6: 47,000 ohms,

c watt.
R7: 100,000-ohm
potentiometer.
R8, K12, R13: 470,-
000 ohms, 1% watt.
RY: 3,300 ohms,

% watt,
Ri0o. R11: 100,000
ohms, % watt,
R15: 800 ohms,
3 watts.
R16: 2,000 olims,

b atts,

C1: 750 mmf., mica,
C2: 25 mtd.. 25 volts,
dry electrolytic.
C3: .03 mfd.. 400
volls, paper.

C4, C10: 8 mfd., 450

C6: .005 mid.. 400

volts. paper (it 6817
is gwntmle), or .01
ntd. (if used

as triode).

C7: .02 mfd.. 100

volts, paper.

Cl1,C12: 20-20 mfd.

430 volts, can type
dual electrolvtic.
T1: HO-watt universal

output transformer.

T2: Power transformer.

350-0-350 volts,
100 ma.; 6.3 volts,
3 amp.; 5 volts,

2 amp.

L1: 10-hy, 100-ma.
filter choke,

S$1: SPST on R7.

$2: SPST toggle.

Speaker. chassis, tubes,
sockets, misc,
hardware.




CRYSTAL
/ PICKUP

"

‘ TRIODE ~e
= CONNECTIONS 1
e

Two input circuits make it possible tn leave both pickup and tuner permanently connected to the omplifier.
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Complete phono oscillator, huilt into the arm

of w pickup, pluys records throagh any nearby

iio. Screw or chonp the fange so that the
necdle will track on a teentable, and tone .

Plaving Records with One Tube

Want an extra phonograph for den
or shop? Take vour pick of these
three one-tube music makers.
\’/ OS'T people who live i lurge house-
l Lolds know the advantages of having
one or more small radios scattered wround
the house. H vou want to tisten in while vou
work, plav. or rest, or if vou just want to
hear a different proeram from the one that’s
coming in over the living-room console, von
can go olf and tune in on vour own private
set. s ditferent with phonovraphs. but it
doesn’t have to be. Here are three different
models that ¢an be built easily and mexpen-
sivelv, each wround a single tube.

Pictured on this and the fucing page is a
novelty design by Frank Tobin; it mav be

used with any phono motor to play records
through a radio. It vou have an odd turn-
Lable around, or w portable phonograph that
doesn't sonnd too well, just chunp on this
pickup and tune in through a newby radio.
hiside the tone arm you have a complete
miniature broadeasting station,

Oscillator Built in Piclup

A subminiature tube, the 2G22. acts in
this circuit as a pentode modulator and tri-
ode oseillator. Designed for pocket receivers,
it requires a plate potential of onlv 22% volts.
Output from the ervstal is fed through pin
3 to the control grid of the pentode modn-
lator. The triode oscillator, shown to the
lett ot the common filament in the diagram,
creates o curier wave somewhere in the

!

Here’s the miniature wansmitter, incnding
its power supplv. The larger batterv, hottom,
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provides 1% volts for the heater; the smaller
unit above it is the tiny 22%-volt plate supply.



broadeast hand. This vave, modu ated by
the output of the crvstal. is radiated to a
nearby receiver and there taned inoas if it
were a regular broadcast sienal

Across the ervstal cartridae is soldered a
E-watt 20.000-ohm carbon resistor. This
relativelv low value was fonnd to be neces-
sary hecanse the output of the crystal was
so great that it overmodulaled the tube and
causcd considerable distortion. Depending
upon the pickup nsed, vou mayv find that
vour get hetter results with a higher or lower
resistor value.

No socket is required for the tube since
it is small and light enough to be supported
by its own wiring. Place it dircetly hehind
the crvstal cartridge, and make sure that it
does not touch either the cartridge or the
sides of the arm, since needle vibration
might canse the tube to become micro-
phonic.  Tuning of the transmitter is ac-
complished by €2 and the secondary, or
urid-to-oround. windine of L1, The former
is o sinall padder condenser with a range of
approximately 300 to 1,000 mmf., and the
latter is a standard midget iron-core antenna
coil. mounted diveetlv behind the tube.

Oscillation within the tube s developed
by the teedback coupling between the two
windings ot the coil. Just to preciude the
possibility ot anv wiring tonching the metal
of the awrm. line the inside with two or three
lavers of cellidose tape before von start.

The padder is mounted through a hole
in the arm so that the capacitv-adjustiment
serew is acceessible through the top. This
allows vou to vary the frequency until the
signal comes inat a blank spot on the radio
dial. For the antenna lead. use a 207 hank
of wire. Bring it ¢lose to the antenna lead-in
of the radio, but do not connect them elec-
trically.

Phono Strip Amplifier

For beginners in electronics, Homer L.
Davidson has worked ont this one-evening
project. You'll be surprised at the results
vou can get from a pint-sized amplificr that
uses only five condensers and four resistors,
vet gives vou independent control of hoth
volume and tone.

Again the tube selected serves a dual
purpose. The 11TL7-GT is both amplifier
and power rectifier. Constructed on a thin
strip of composition board, the amplifier can
be mounted in any position inside the box
that houses the phono motor and turntable.
First drill a [’ hole to receive the actal

S 0
L= -

A painted radio chassis holds the pho.o motor
and batteries; the rest is under the toue arm.
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| crYsTAL
CARTRIDGE

PICKUP ARM

LIST OF PARTS

R1: 20.000-0hm, -watt carbon.

R2: 150.000-0hm, Y-watt carbon.

Cl: 100-mmt. mica.

C2: 300 to 1,000-mmt, padder.

L1: Unshielded iron-core antenna coil.

S1: SPST toggle (or DPST to conmect
phono motor simultancously ).

Crystal pickup. 2G22 subminiatnre tnbe,
200 hank of anterna wire, 22%volt B
battery, 14-volt A hattery, mise. hard-
ware.
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\ dual-purpose rectifier and l>ea111-1])()\\'er tube
makes this compact amplifier possible. A strip

socket. If vou don’t have the right size drill,
make smaller holes and file out the opening.
Install the two variable resistors, one on each
side of the socket, with their shafts facing
in the opposite direction from the tube.
Using spacer wushers, you will then be able
to screw the strip to the inside of a cabinet
or panel so that the controls will be easily
accessible.

A dyvnamic speaker was used, and its
field coil hecame the filter choke. In addi-
tion to this coil, the filter employs a dual

b — et

Control shafts project through panel bottom
and can be brought through front of cabinet.

{vowme HTL7-GT =
R, 3
30 H
5 =
P o)
]| ~5m= SPEAKER
e L outPuT
1 || Rz TRANS.

Ca:_ FIELD COIL

TONE CONTROL

of nonmetallic material such as bakelite, ply-
wood, or composition board serves as chassis.

40-mfd. electrolytic condenser or two sep-
arate condensers of equal value. If you have
a 5” permanent-magnet speaker, vou can
use that instead of a dynamic unit by sub-
stituting o 3,000-ohm resistor in place of
the field coil. Filtering action, however,
will not be as smooth.

High Input Yields High Output

With one of the new pickups that give
between four and five volts of signal
strength, you can get very substantial room

LIST OF PARTS

R1: I-meg. potentiometer.

R2: 150-0hm, %-watt carbon.

R3: 25-0ohm, 5-watt wire wound.
R4: 50,000-ohm pot.

CL C3: .05-mfd., 400-volt paper,
C2: 10-infd., 25-volt electrolvtic.

C4. C5: 40-40 mid., 1530-volt dual elec-
trolvtic.

L: 2,750-ohm field coil on 3”7 electro-
dvnamic speaker.
S1: SPST rotary on R1.

Ontput trans,, 117L7-GT tube, crystal
pickup, phono motor, misc, hardware.




A simple eabinet, made of composition board,
completes this one-¢vening phonograph project.

volime from this one-tube amplifier built by
Clinton E. Clark. As shown in the diagram
at the right, the output of the crystal is fed
directlv to the control grid ot a 30L6-GT
beam-power pentode. Fitument voltage for
the tube is taken from the 113-volt line
through dropping resistor R3, and in place
ot a separate rectifier tube, a new selenium
stack is used in the power supply. The cabi-
net is built up from composition hoard.

Assemble the parts on an aluminum or
steel chassis about 5” by 6”. All ground
cormections in the unit shown were brought
to a single point on a terminal strip, but the
chassis can be nsed for cround if that should
prove more convenient. Either way., gronnd
is connected to one side of the 113-volt line.
The vellow or black terminal of the rectifier
goes to one side of the line switch, S1; the
red side to the input of filter choke L.

When vou have determined the position
ol the chassis hut have not yet mounted it
in the cabinet. drill one or two ventilation
holes to carry off the heat generated in the
tube. It properly placed. these holes will bhe
concealed by the tinntable. To avoid any
possible diamage to the pickup, install it
alter all other parts are in place.

The miniature oscillator is battery pow-
ered, but the other rwo cirenits will work
equally well on AC or DC. Although AC in
put is specified in the diagrams, this is only
because the motors are connected to the
same line. 1 vou have DC, vou can substi-
tute a suitable electric or spring-wound
motor,

[ voLume

Position of companents is optional. Drill one
or two holes under turntable for ventilation.

~soLe-6T
o

= 10

PM
SPEAKER

CONTROL

LIST OF PARTS

R1: 500.000-0lim linear-taper poteuti-
ometer.

R2: 200-0hm. 1-watt carbon.

R3: 500-0lnn. 20-watt wire wonnd.

Cl: 25-mfd.. 25-volt clectrolvtic.

C2: 20-20 fd., 150-volt dual
trolvtic.

C3: .01-mtd.. 400-volt paper.

SR: 100-ma. scleninn vectilie

L: 13-hv., 40-ma. midect AC-1DC choke.

T: Midget universal ontput trans.,

S1: SPST rotary on R1L.

S2: SPST toggle.

Phono motor. high-output
picknp. 30L6-GT tuhe
misc. hardware.

elec-

1-5 volts)
PN speaker
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Pocket Radio
Doubles
s Hlearmg i

By Albert Rowley

(‘UII)F_I) bv wirtime needs and the in-
B gennity of parts designers, electronic
components are getting to he so tiny that
even  clectrons may  soon leel eramped.
Elsewhere in this hook vou can see what
manufacturers have in store in the wav of
miniature radios, hearing aids, and the like.
For the experitnenter who muost work with
stundard parts, much of this is still ont of
reach. But if vou can’t quite compete with
mass-production techniques, vou can come
pretty close with some of the pint-size parts
that are now availuble.

The pocket radio and hearing aid  de-
seribed in these pages uses only four snl.
miniature tubes i a dual cireuit arrang
ment. When the switches are in one posi
tion, all four are incorporated in a supe
heterodyne  recciver.  With  two ol the
switches reversed, three tubes form o sensi.
v eryatal cactrdee, together with its rubber  Hve andio nplifier.
cushion. is remored from icrophione honsing In the vadio cirenit the 2G22 aets as

Cut a hole that will make o press it for the A few of the tiny components. Note the sl
rubber Jip and cement the cartridege i plice.  condenser, voluime control, tube, and battery.
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Tube-pin numbers are counted from the left when the red dot is at the right.

triode-heptode trequency

converter;

it is re-

placed by the microphone in the hearing-aid

application.
fier, the 2232
ficr and first-andio tube.

in both applications.
Proper assistance for

\ shiclded pentode RE ampli-
is used alternately as [T ampli

Next comes the
2842, a diode-pentode which donbles as
second detector and second andio amplifier.
The 2E36 pentode is the output amplifier

the hard of hear-

ing is something that may require the in-
dividnal attention of a physician as well as

the electronic designer.

No attem

pt has

becn made here to correct for varying con

Interior of completed set.

batterics, mike, and C2

All parts

except

are on the front panel.

ditions of deatuess. All this
hearing aid will do is ampli-
fv sounds at the microphone
so that thev reach the car
with far greater intensity.
NMany persons who ave hard
of hearing can use this in-
stroment with advantage as
an auxiliarv—not as a sub-

stitnte—for an expertly fitted device.

For those with normal hearing who faney
a pocket-size ivadio without the extra fea-
ture. it is a simple matter to omit the miero-
phone and switches ST and $2, making the

()puu(l out, front and back look as above.

Countrols are on the front,

mike on the back.
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Placement of the parts is importar

connections permanently m the radio posi-
tion. The associated resistors and condens-
ers can also be left out, thus making it
possible to reduce the size of the case be-
low the 1%” by 3%” by 5%” box needed to
house the present componertts.

Two 1.5-volt penlight cells in parallel sup-
ply the filament voltage for the tubes. As
these must be changed quite often, a clip
bent from aluminum or other metal should
be used to permit easy insertion of replace-
ments. The pair of 22.5-volt batteries that
furnish the 45 volts of B-plus last longer
and can be soldered in. Other miniature
parts used in this set include paper tubular
condensers about the size of a %-watt re-
sistor, IF-transformer cans %” square, and a
volume control in which the carbonized ele-
ment is contained inside the tiny knob.

A loop antenna consisting of 30 turns of
No. 28 enameled wire is wound around the
case and held in place by a layer of cloth
tape. One side of the loop is connected to
pin 3 of the 2G22 converter and to the an-
tenna section of the two-gang tuning con-
denser, CI. The other side of the loop goes
to the chassis through a condenser. The in-
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1t for reasons of space economy rather than of function.

coming signal is mixed with a frequency
generated by the oscillator circuit to create
an intermediate trequency of 456 ke. This
is amplified by the 2E32 IF tube. Coupling
between the converter, IF, and second-de-
tector stages is accomplished by the IF
transformers.

The larger of the two oscillator-coil wind-
ings is connected in series with C3, a .0004-
mfd. fixed mica condenser that ucts as a
padder. This condenser, plus the proper
adjustment of the iron core of the oscillator
coil, permits this circuit to track at the prop-
er frequency above that to which the an-
tenna circuit is tuned.

Two midget 1F transformers, mounted in
cans measuring only ¥” square by 2 long,
are fustened directly to the chassis—which is
the reverse side of the front panel — by
means of small machine screws. Like the
oscillator coil, the IF transformers are tuned
by adjustable iron cores. Since the tuning
of these transformers is extremely broad, it
is not necessarv to use a signal generator in
aligning the set. Once a station is tuned in,
the cores can be adjusted by ear to maximum
valume.



1%-VOLT CELL
SN

22%-VOLT BATT.

The general layout shown is recommended: it you must vary it, plin your changes carefully,

To get all the necessary parts into the
small space altowed, it is important that vou
plan the lavout with care. The photographs
indicate the location selected for most of
the items; where vou deviate from this it is
a wood idea to try out the major units be-
fore making permanent connections.

Another consideration in building this set
is that some of the components are placed
dircetlv on top of others. It is therctore
necessarv to complete all soldering on the

first Yaver betore plicing the next one on top.
Switch S1. for example, is mounted hetween
Cl and the oscillator coil, and wiring to it
mnst be completed betore the 2G22 s
placed above it The same holds true for
the volume control. R10, since the oscillator
coil and padder condenser are mounted on
top of it. Wiring to the other two switches
must be completed betore the 236 is put
in place.

Since they are so small and light, no sock-

LIST
Cl: Two-zane midget tuning  condenser,

00036 mfd. cach section.

C2.C3: 0 to 30-mmt. trinnners.

C4: 0002 mfd. mica.

C5: 00G1-mld, mica (nsed as padder).
C6. C7, C8. €Y, C10. CI12. C13, C11, Cl5:

005anfd. paper tubal, very small,
Cl: 0001 -mtd. mica.
RI: 100.000-chm, H-watt carbon
R2. RG: Yemeg., Yawatt carbon
R3. R3. R6. R7, R8: l-mee.. Y-watt carbon.
R-1: 200.000-0hm. Y-watt carbon
R10O: hearing-aid volum control (carbon
clement enclosed in knob) % e,

OF

PARTS

R1L: 10.000-0hm. “-walt carbon.

Ant: 30 turns No. 25 enameled wire wound
aronnd case.

112 [rom-core 4136-ke. [F trans. monnted
ncans w7 seprare.

L1: Adjustable iron cove oscillator coil.

S1.82: DPDT toggle.

S3: DPST tovale.

Crystal microphone (lapel tyvpe. or cartridze
removed from honsing): headphones (ervs-
tal or magnetic ): fonr subminiature Gihes
(one each. 2G22. 2F32. 2L43. 21536):
penlight A cells. miniature 22%-volt hut-
teries, mise. hardware.
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One of 1the newer pen-size soldering irons is
ahnost essential for work on this midget set.

cts wre required for the tubes. They are
held in position by strips of cellulose tape
plus the soldered conmections to the pins.

A high-impedance lapel microphone would
probably be most satisfactory for use in the
hearing-aid portion of this set, but a very
snitable—and much less expensive—substi-
tute can be found inside an ordinary ervs-

tul-mike housing. The photos show how the
cartridge was removed from its bullet-like
shell and fastened inside a hole in one side
of the hox that holds the set. The rubber
cushion around the crystal nnit must be lett
on to protect the microphone from vibra-
tion. It is fastened with rubber cement.

For other applications vou muay find it
more desirable to keep the mike entirely
separite so that it can be placed in a desk
stand or worn on the clothing. Either wav
the cable should be shiclded.

At the other end of the circuit, ordinary
high-impedance headphones of the crystal
or magnetic tvpe may be used. A single
phone gives adequate results.

Wlhile there is nothing intrinsicallv diffi-
cult about the construction of this set, it
cannot be built to size unless vou are care-
tul to obtain the very smallest parts. Also, it
will take all vouwr skill and experience with
a soldering iron and the best workmanship
you can put into it.

To muke the mnit completely self-con-
tained, the external antenna and ground are
omitted in favor of the case-wound loop.
An antenna coil and aerial can be substi
tnted it the conditions of use permit. Pick-
up will, of course, be improved. Using only
the loop shown, however, stations as far off
as 400 miles were bronght in clearly.

ixternal Speaker Adds Uses (0 Your Auto Radio

PLATES OF BREAK LEAOS GOING TO OUTPUT
ouTeut Tuses 4 |

TRANSFORMER AND CONNECT AS SHOWN MALE PLUG
= QUTPUT TRANSFORMER /

+ 250 VOLTS

==

UNIVERSAL PUSH-PULL
OUTPUT TRANSFORMER

&=

IN AUTO RaDID

] T =
<
\ez: ) % 2at =
- N NN )
H ; __-\_{.._,
pest } RECESSED FEWALE .
T IRR SCCKET / EXTERNAL 6
[HEPE— V) ¥ PM SPEAKER
N 45°-25 OF 20R3 CONOUCTOR WIRE
oeoT

TOGGLE SwiTCH

Cive a loudspeaker enough cord and vou
can hang it ona nearby limb or simply place
it on the ground beside vou when you get
out of an aunto to loll in the shade. For those
many times when vou are just far enongh
away from a car for its radio to be of no use,
this extension speaker is the perfect answer.

The toggle switch makes it possible to
change instantly from the internal to ex-
ternal sound. Just plug in the connector,
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flick the switeh, and carry the boxed speaker
anvwhere within the 15" to 25’ runge of the
extension wire. The solid lines in the dia-
aram show what must be done if the radio
has a single output tube; for push-pull out-
put niuke the changes shown by the hroken
lines as well. With single-tube outpnt you'll
need only a SPDT switch. A two- or three-
way polarized plug and socket and two- or
three-condnetor wire make the connection,



Fitiing ports into

slots in the cardboard chassis

makes the set flat and also grards the components.

Small crocodile clips soldered to the various de-
tachable leads permit quick and easy connecticn.

ANTENNA
360 MMF.

To
1000 MMF.

PADDER

GROUND

A00MMF,

1MEG.—

3000
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\\ .0l MFD.
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One-Tube Radio
Can DBe Mailed

UBMINIATURE tubes mcasuring  less
than 57 in diameter will make it possible
to redesign radio circuits to alimost any shape
and size. This novelty receiver is as flat as
the tube itselt and can therefore be inserted
in a 6” by 97 envelope und sent through the
mails as a letter. The two picees of ¥ card-
board that forin the chassis are held together
by the same nuts and bolts that hold the
phone, batterv, antenna and gromd term-
inals in place. Slots are cut in the cardboard
to clear the components.

The tinv 2E32 tube is a shiclded pentode
and operates with a plate voltage of 224
and a filament voltage of L4 For the latter,
a small flashlight cell will give several hours
of useful lite. One of the miniature 22%- or
30-volt batteries will supply both the plate
and the screen.

To keep the receiver flat. the coil is wound
on a cardbourd disk 4” in diameter. Cut 13
slots at intervals of approximately 17 as
shown in the sketch below; then interlace
the form with 92 turns of No. 30 enameled
wire. At every tweltth turmn. make a tap by
scraping the enamel and letting a drop of
solder adhere to the spot.

Although the circuit doesn’t emplov re-
generation, it has sufficient power to pull
in local stations. By selecting the right an-
tenna and ground taps and adjusting the
trimmer in the antenna lead, it should be
possible to cover the entire broadceast band.
The trimmer specified in the drawing is in-
tended for use with a short indoor antenna;
it used with a long antenna, a trimmer of
lower capacity—say 125 to 350 mmf.—should
be substituted.—AvLprrT RowLEey.

2E32 SLOTS N l:;przox.

13FILAMENT
POSITIVE£G3

2=GRID t
3sFILAMENT
NEGATIVE ¢

SHIELD
4:=GRiD 2,

S=PLATE

24N\ REOSPOT ( \pbBOARD COIL FORM

Resistors are 4 watt, and the tubular condensers
200 volts; phone impedance should be 2,000 ohms.

Tube leads may be identified by the position of the
red spot. The coil is wound on a cardboard circle.
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A shaft is soldeved to the top of the trimmer
condenser so that a tining knol, may be added.

One-Tube Radio
Is Matehbox Size

SQUEEZI.\'G a complete radio receiver
down to the dimensions of a matchbox is
no more than a leisurely evening’s work.
This set, which will readily fit in vour vest
pocket, is built on a % by 17/16” by 24~
chassis made from 1/16” aluminum.

A small trimmer condenser used for
tuning, two phone jacks, and a 7-prong
miniature socket are mounted on top of
the chassis. Underneath are the 1-meg. grid

PHONES
i75-500 > o}
MME. r
4
a N
l | l
< or “SroSh "o o
70 TURNS OF 4;TO22; L5VOULTS
LITZ WIRE  VOLTS i

The average spare-parts box will produce most
of the components used in this simple circuit,

resistor, the 100-mmf. mica condenser, and
an antenna coil that is made by winding
approximately 70 turns of litz wire around
a pencil. Slip the coil off the pencil and
impregnate it with coil dope.

Since the 175-300-mmf. trimmer will
tune only a portion of the band with this
coil, vou may want to make other coils
with more or fewer turns in order to in-
crease the coverage of the set. The 184
pentode used as a detector requires 1%
volts for the filament, and will operate with
a B battery that supplies anywhere from
4’ to 22} volts. For best results use a good
ground and antenna.—ALBERT ROWLEY.

The
bunched together to take as little space as pos-
sible. An antenna lead and 4-way battery cable
are brought out from under the chassis.

turns of the antenna coil have been
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For test purposes standard 1% and 22%-volt
batteries were used, but a penlight cell and a
minitture B battery would provide a power
supply hardly Jurger than the radio itself.



You can listen to your best radio
from any room with this system.

PIPED PROGRAMS. You can listen to vour
console radio i any room in the house with
the remote pickup and control svstem shown
below, A portable speaker, pligged into the
cirenit wherever convenient. has a volume
control and an on-ofl switeh that controls the
racio,

The enly chianges necessary i the radio
itselt are the nstallation of @ new power
switeh with an extra pole. wnd o relay tor
remote on-ofl control. This relav. of aboul
L.000 ohms resistinee. should operate on
two or three Hashlicht cells. Low-voltag
conductors such as belb or maenet wire will
do tor the house eirenit. The portable speak
cr—nore than one conld he nsed—is o per-
manent-magnet tvpe: monnt it in a honsing
with a combimed power switeh and volume
control of 1.000
This adivsts the remote speaker withont
tlecting the radio.=\\io oo Ny

3.000 olhins resistiaice

AUXILIARY RaDIC
SPEAKER SPEAKER ETREE
- 1%
e . CREUIT
«| | L_)o: RADIO :
["' VOLUME ) .
A CONTROL <
: SNITCH
) T
- CN RADIO
L—l OUTLETS ~_ ReLay |4 = :“]
SWITCHON || § - ﬁc‘_Lg
VOLUME - Jii dT5s:
CONTROL I . gL 1 %H H

A= % :{@Q CARDBOARD
N 8 ) > By BASE

CLIP

PORTARLE
A
BATTERY

¥ N

RADIO-TURE PRONG

4

PLUG-IN ADAPTERS. Prones trom burmed-
out radio tnbes secrred to a cardboard Dasc
nable vore to conneet phig-in s pe portable
radio hatteries wvwherd
necded tor 3
terminal, M
cidentidv shorted. (€

Ihree prongs are
hattery laving o 22-volt
e sire the Teads can’t In

E. W 1

Je-

INSULATING GROMIAETS
are guichly made trom ship
on pencil crasers. Deill the
Lole vicht throuel and ronnd
ofl corners o cmery wheel, ¢\
Cement will hold it on the
wire.—Ar. M. Linoaen [,

SAND
OFF

LEST YOU FORGET which part of a com-
plicated wiring job has heen finished, o a
colored peneil over the Tines on the cireuit
dizgrinnm as von wire ich one. Then there

is no need to trace wirineg to learn what s
left to do. 1t's also o help in preventing wir-
ine mistakes.—Jonx Boromai.




Yon Can t Sneak Past

FILAMENT

TRANS

For a cabinet, a 2” by 7” radio chassis is used.
The 6-volt tr.msformer .md sockets for chimes
and light source are fastened to it; other parts
are on a separate subchassis,
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This Robot Watchman

A‘E you allergic to sneak thieves? Would
you like a little advance warning when
visitors cross your lawn? Want your car’s
headlights to open garage doors? Mavbe
you need an electric eye to help vou keep
watch. There’s no end to the chores that a
suitably rigged phototube will pertorm. The
setting sun. for example, can be made to
turn on the lights in the chicken house, and
sunrise will turn them ofi. A photoelectric
unit has few rivals for fire alarms, motor
shutofls, emergency control units, switches
that illumine the front door or driveway at
the approach of a caller or a car . . . the list
can be extended to the limit of vour imagi-
nation.

In the setup shown here, the 6-volt out.
put of the photocell-and-relay box is used
to sound a door chime when any person or
object breaks the beam. By improvising a
few parts—such as the light source—it should
be possible to keep the cost low. In this case
a flat flashlight was converted into an electric



unit. A 3.8-volt bulb is powered by the same
6-volt filament transformer that is used tor
the heaters of the GAQ3 amplifier pentode.

ny Hashlight with a strong light spot can
be similarly used. One with a diffused beam
is not suitable.

\ piece of aluminum bent to a right angle
1 high and measuring 1%” by 44”7 on top
is used as a chassis. The relay. 6AQ3, and
927 phototube are mounted on top of it
Make sure that the 3-prong socket for the
927 is oriented so that light strikes the sen-
sitive face of the tube. A shield (snipped to
size from au ordinary tube shield) is recom-
mended. Punch a hole through the shield
and the front edge of the cabinet in a divect
line with the tace of the phototube.

Even though a focused heam is used, the
licht must be refocused directlv ahead of
the photoelectric tube. Two dime-store
magnifving glasses proved adequate for this
purpose. They are set into a plastic flash-
light head which is reversed and cemented
over the light passage in the cabinet. An
alternative method of mounting the lenses
is illustrated in the lower right-hand drawing
below.

Wires =oldered 1o the contacts electrify this

flashlight. Power is taken from the filament
transtormer. A 153-ohm adjustable resistor drops
the voltage from 6 to about 4.5.

Some ventilation is needed for the 6AQ3.
To provide it, three 1” holes were punched
in the cabinet around it and the holes were
covered with screen plugs.

Actual resistunce of this relav is 3,800
ohms; one measuring from 3,000 to 1,000
should be satistactory. Contacts must be at
least single pole, double throw for most
photocell applications.

When the assembly is complete, plug the
chimes and Hashlight into the connectors
provided for them (recessed sockets set into
the side of the cabinet), turn on the switch,
and watch the operation of the relay. As
the amplifier tube warns up, the relay
should pull in: it not, adjust the bias control
until it does. Foacus the light and the con-
centrating lenses. \When the spot strikes
correctly, the relay should release or pull up.
Breaking the beam will then cause the relay
to pull back in and complete the G-volt cir-
cuit that energizes the chimes.

With this light source, maximum oper-
ating distance of the unit is about §’—ample
for most applications. Should greater range
be required, substitnte a stronger light.—
Frank Tobin, Manhattan, N. Y.

Inside the shield is the phototube with the
6A05 and relav lined up behind it. The small
chassis is held in the cabinet by the shaft nuts
of the switch and bias potentiometer.



Elusive short-wave signals often come in best at night, so headphones are built
into this two-band superheterodyne for midnight DX listening. Flicking a couple
of switches, however, brings in the full broodcast band at loudspeaker volume.

By FRANK TOBIN

HREFR tubes tor a two-band superhet
doesu’t snggest mneh power, it there's
plenty oi picknp and drive in this cirenit to
pull in the 20 and 40-meter ham-hand
transmitters as well as short-wave hroad
casts from Furope and Anstralia, Reception
o the broadeast band is clear and Jond;
10-toot hauk of antenna wire strnng ot
alonge the Hloor will usuallv be sufficiont to
aet local stations at tall londsneaker volime
i e external arannd can he omitted al
tocether. For remote locations or sood DN
listening. of conrse. vou'll want a4 more
substantial anterna and a0 wood aronnd.
Being battery operated, this set is ideal
for camp. lumting lodge, or week-end cubin
as well as the den. The nse of only
three tubes dllows economical operation on
dryv hatteries,
Considerations of size plaved practically
no part in the selection of the mideet 38
power tube; whal is important about the
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tube is that it will maintain good and un-
distorted output at plate potentials down te
65 volts. NMost batterv-operated power pei-
todes work well enouch with @ fresh battern
supply, but when the cells age and voltage
starts to drop, considerable distortion ocenrs
at normal ontpat levels, The 3S4, however
is built to work in personal radios  that
normadly use 67%-volt hatteries. and is there-
fore capable of distortion-free performanc

from 90 valts down to 653,

It is possible that vou may have diflicnlty
in locating the 3AS-GT tube called for, sine
some manutacturers have discontinned pro
duction of it. However. it’s simple cnongly
to snbstitute two separate tnbes for the com
bination triode-pentode-diode. Use a 17174
in place of the pentode section and a0 183
in place of the triode-diode portion. As the
1S3 is a peatode-diode. tie the plate anc
G2 (sereen orid)  together. and  connee
them to C10. C1Eand R7. The control arid
(G of the 183 is wired to 83 and CY. The
fikuments of the 1S5 are connected to the



Two-Band
SUPERIET

THREE-TUBE CIRCUIT PERMITS
COMMUNICATIONS RECEIVER

TO OPERATE UP TO 1,000 HOURS
ON BATTERY PACK

X,- - e
=

> -
YT Y

samie points as the pins 1 and 7 of the
3AS-GT.

Connections for the 1T4 substitute are
nrade inasinilar manner. Its plate is wired
to the same point as pin 3 of the 3A8-GT,
G2 of the 1T4 as if it were pin 4 of the
3AS-GT, und G to the same connection as
the cap on the 3A8-GT. The filiment leads
are wired to pins | and 2.

It vou huppen to find a 3AS-GT. it is
probably simpler not to nake this chanve
in the circuit diagram. Bear in mind. how-
ever, that future replacement of the 3A8-GT
mayv not be easy as stocks lessen.

FFor night-time listening or when signals
are weak, a headphone jack has heen in-
chded. By taking the phone-juck connee-
tions from the voice-coil winding of the
outpnit  transformer,  the phones can he
switched in at anv time. regardless of vol-
mne. withont daneer of blasting or over-
loading. Use the transformer tap that gives
the most comfortuble volune. and be sure
that the grounded side of the phones cor-

responds to the grounded side of the speaker.
This conmection is shockproot since none of
the high voltage flows through the phone
circuit.

A variable tone control, consisting of a
A-nitd. tubule condenser (C12) i serics
with R10, a0 73,000-0hm potentiometer, op-
erates on both speaker and phones. 13
reducing the audibility of higher sonnd tre-
quencies. this control serves to relieve heavy
static conditions,  High-pitched  code sia-
mals can also be changed to more pleasing
notes by means of the tone control, and
musical programs can be tuned to suit the car.

When a signal is picked up by the an-
tena, it s fed into the tourth grid ot the
TAT converter, where it s anixed with a
signal generated by the local oscillator to
create an termediate frequency of 156 ke
Atter passing throngh the LI amplifier, this
signal is rectificd by the diode detector, then
turther amplifiecd by the first audio tube.
All three functions—1L1%. amplifier, diode
detector, and first audio—are performed by
the single 3AS tube. Building a pentode
amplifier, diode rectitier, and high-mu triode
mto one glass envelope not only saves space,
parts and work for the builder, but also cuts
down filament current dram.

The output ot the 3A8 amplificr triode is
resistunce coupled to the cantrol grid of the
354 power pentode through a 73,000-0lnm
plate resistor, a.03-mitd. coupling condenser,
and a L-imeg. arid resistor. A mica condenser
ot 100-mmi. capacity in the plate circuit of
the first audio stage bv-passes anv unrecti-
ficd R.F. current to ground, preventing it
from weakening or distorting the desired
signal.

Through an output  transtormer.  the
audio-frequency currents flowing in the plate
circuit of the 354 arc fed into a 6” P\L
speaker. Load resistance of the tube is about
5,000 ohms; a selection of taps on the see-
ondary of the transformer permits matching
of this resistance to the speaker’s voice-coil
impedance.

Grid bias for the 38-1is obtained by mcans
of a 600-ohm resistor. RY, in series with the
neaative 90-volt lead and  gronnd. The
voltage drop across this resistor is impressed
on the arid of the tube through the -mieg.
arid leak, RS, As the B voltage drops. so
does the negative bias on the tube. resulting
in a compensating increase in aplification.
Automatically regnlated  bias permits the
power tube to function cfficiently  even
though the output voltage of the B battery
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falls by as much as a third.

To protect the loudspeaker cone
from dumage, @ wire screen is
placed over the speaker frame. The
sereen is covered by a grille cloth
betore the speaker is bolted to the
front panel.

The unber of knobs in use
could have been reduced if space
had demanded., but it will probably
prove comvenient to have the full
number. From left to right, these
knobs control: sensitivity (R1, for
local-distance tuniug), wave band

S1), volume (R6), tone (R10),
power (83, on-off switch), and
speaker or headphone output (S2),

Although the volume control and
power switch might casilv have
been combined. the latter is also
useful as a quick-action stand-by
switch hecause the battery circuit
requires practically no warm-up
time. When the set is played
through the loudspeaker, the
speaker-headphone switeh will pro-
vide even more instantaneous
control.

Thrce-scale slide-rule dials of the type
shown may be obtained with all the neces-

stand-by

LIST OF PARTS

C1: 360-mml. two-gang tuning condenser.

C2,C3. C5. C12: .1-mid.. B00-volt paper
Tubular.

C4: 250-1unmf, mica.

C6: 100-mmt, niica. close tolerance.
C7: .0T-mfd. mica. close tolerance.
C8. C10: 100-mmf. mica.

CY. C11: .05-mtd., 600-volt paper tubular,
C13: 16 mtd., 200-volt ¢lecirolvtic,
R1: 250.000-0hm poteutiometer.
R2: 50.000-ahin, bw-watt carbon.
R3: 10.000-alnn, 1-watt carbon.
R4, R3: 2-meg.. F-watt carbon.

R6: 1-meg, pot.

R7: 75.000-0bw, o-watt carbon,
R8: l-meg., 1-watt enrbon.

RY: 600-0lun, T-watt carbon,

R10: 75,000-0hm pot.

S1: 4-pole D.T. rotarv band switch,
$2: D.P.D.T, rotary.

$3: D.PS.T. rotary,

LA: Shielded anterma coil, 540-1,500 ke., and
3.500-18.000 ke.

LO: Shicelded oscillator coil, same bands,

LF.1: Iron-core LF, input transformer, 456 ke,
LF.2: Iron-core LI output transformer, 456 kc.
T: Universal output transformer.

J: Headphione juck and plug,

Tubes, chassis. cabinet. 6 P.M, speaker,
sockets, knobs, hardware, ote.
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. LOCAL-
DISTANCE
CONTROL

sary calibrations for both broadcast and
short-wave bands, plus a 0-100 scale for
logging purposes.

To align the set a modulated signal gen-
erator is, of course, desirable. | If one is
available, ground the shielded cable to the
chassis and clip the live conductor to the
grid of the 3A8 pentode. Tune the genera-
tor to 456 ke. and adjust the secondary and
then the primary of L.F.2 for maximum
sound at the speaker. Work backward
through the first I.F. transformer. Tune the
R.F. stage by removing the screws on the
condenser (CI) trimmer and aligning the
trimmers first on the oscillator and then on
the antenna coils. Broadeast and short-wave
bands will have to be tuned separately. Use
a 1,500-ke. R.F. signal tor the former and
15 or 16 me. tor the latter.

If you don’t have a signal generator, vou
can tune by ear by first getting the strongest
station vou can find, and working backward
in the sequence deseribed above until the
signal comes through with the greatest
volume. It may be necesswry to do the
aligning of the short-wave band at night
when strong stations are easier to find. Most
LF. transformers are factory tuned with
sufficient precision to allow a strong signal
to get through.

Cubinet size will depend largely on vour
individual requirements. The one shown was
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More Power to You

Here are three designs for D.C. power
supplies that aill furnish rectified
voltages for receivers, transmitters,

test equipment, and other uses.

S MALL power supplies capable of furnish-
ing filtered and reasonablv pire direct
current always have a place on the experi-
menter’s workbench. For some equipment,
of course, power puacks must be designed to
give specific currents and voltages. but for
the majority of applications one or more of
the threc units described here can be used.
‘They will conserve batterv lite in portable
apparatus, balance a Wheutstone bridge,
extend the range of an ohimmeter, or provide
bias or power voltage for experimental am-
plifiers, receivers, and transmitters.

Dry-disk rectifiers, recently made avail-
able to experimenters, replace rectifier tubes
i many circuits. The selenium disks require
only two soldered connections. They have
no filaments and therefore require no sepa-
rate filament supply. Because of their rugged
metallic construction they are also able to
withstand a lot of knocks. Two of the three
circuits given below employ these new recti-
fiers; all three are made of easily obtainable
and standard parts.

Selenium rectifiers are color-coded to in-

An oblong metal tool box that will fit readily into
the battery compartment of most receivers is both
the chassis and cabinet of this power supply.
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dicate polarity. The positive side, indicated
by a red dot or some similar marking, is
cquivalent to the cathode of a rectifier tube;
the negative side, marked with black, func-
tions as the plate. The position of the red
dot in relation to the other circuit clements
is shown in the diagrams.

Battery Eliminator

The dry-disk batterv eliminator shown on
these two pages was built by Frank Tobin
as a companion picce for his three-tube
superheterodyne veceiver (See page 178).
It is shaped to fit the battery compartment of
his and other radios and can be used with
practically any receiver that requires ap-
proximately 90 and 7.5 volts of B and A
supply respectively.

In order to use the eliminator with the
three-tube receiver, it is necessary to connect
the tubes in series so that the current drain
will not exeeed 50 ma. Manv battery tubes
have their filuments arranged so that they
may be connected either in series or in
parallel. As originally built, the set placed
all the tubes in parallel to operate on a 1.3-
volt batterv. The diagram on the facing page
shows the changes that must be made if the
set is to run on the higher filament voltave.
Simply putting the tubes in series without
moditving the associated circuit shown by
the Dlue lines would also have the elfecl
of raising the A.V.C. voltage to 7.5 volts—
cqual to the sum of the tube voltages. In

[SPLATE N RED  ,~MIDGETAC-DC
RECTIFIER) (DOT CHOKE

+ OOVOLTSI

30 OHMS 2500 OHMS
10 WATTS SO WATTS
40 MFD. = ]
|sovocrs\‘ 2 lOOVOLﬁ
OIMFD. mim s
-

{ o~ -~ !
- i
16 MFD. ___ / !

1SO VOLTS

TOGGLE e
( SWITCH /
-

1SVOLTS 500 OHMS SOOMFD.
| ac-pc 1I0OWATTS  25VOLTS

+7SVOLTS

=7S5VOLTS
—J

The parts used in this simple rectifier unit may be
purchased for a couple of dollars. They will save
many times their cost in battery replacements.
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A small bakelite box houses the midget rectifier.
The voltoge control, pilot light, ond output jocks
are conveniently placed on top of the cobinet.

Position of the ports is nat critical but it is de-
sirable to allow as much space and ventilation
as possible around the dry-disk rectifier stack.

DQ-Y_QEC,TIFIEE-\‘ ===10000 oHMS

INTERM,

oRp-
1SVOLTS i

‘\ ) 120 MFD.
60 CYCLES ‘SWITCH

150 VOLTS

Output of this power supoly is variable from 70
to 140 volts. If the ripple is abjectionable, in-
crease the size of the first condenser to 40 mfd.
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other words, the set would have to receive
a signal of 7.3 volts before it could operate.
Since received signals are gencrally on
the order of microvolts, it is evident that
no sound will reach the loudspeaker un-
less these other changes are made. The
alterations in the circuit. indicated by the
red lines in the diagram, should not take
more than half an hour to accomplish.

Because a considerable amount of heat
is dissipated through the 2,500-ohm drop-
ping resistor, a unit with a rated value of 50
walts was selected. The high wattage gives
a safe margin against overheating. but a
25-watt resistor of equal ohmage nmav be
substituted provided that it is used outside
the cabinet and is otherwise well ventilated.
The variable tap on this resistor allows for
accurate adjustinent of the A voltage.

A small metal tool box is used as both
chassis and cabinet of the battery eliminator.
The metal box also serves as ashield around
the rectifier. cutting down the induced humn.
Holes wre drilled in the cover just above
the dry-disk rectifier to provide the neces-
sary ventilation.  The wire-wound resistor
is placed outside the box.

Midget Power Pack

In the operation of battery radios, the
major item ol cost is the B battery. Regard-
less of filunent requirements. therefore, an
appreciable saving can be made by using a
rectifier for the B supply whenever house
current is available. This midget power sup-
ply, made by R. L. Purmenter. provides such
a variable B voltage and can be used in con
junction with a dry-cell A supply. Ontput is
variable from 75 to 140 volts. As can be
secu from the photos, the complete assembly
is hardly larger than a cigavette package.

A hukelite box was fabricated tromn %7
stoek und has inside dimensions of 27 by
2%” by 357, Plicement of parts is not critical
but it is desivable to leave as much “breath
ing space” as possible around the rectifier.
I'he 10,000-ohm wire-wound potentiometer
which is used as a voltage divider to var
the ontput potential is mounted on the top
panel. Also on this panel are the pilot light
and the banana jacks to which the output
leads mayv be connected. The pilot Heht
consists of a midget tuse indicator cementel
into a rubyv jevel. The Himiting resistor that
comes with such o light should he left at-
tuched and wired into the circuit. A Y-watt
neon bulb may be even more satisfactory for
this purpose.



Limits on the amount of current that ¢an
be passed by o power supply cireuit are
set by the rectifier that is selected. The dry
disks are available in several current ratings
from 75 to 200 w100 ma. s adequate
for most uses to which the supply is likely
to be put. To climiate the vipple that is
present atter halk-wave rectilication, a filter
choke must be used in conjunction with at
least one. and preferably two, filter con-
densers. The larger the capacity of the in-
put condenser. the higher the output voltage.
Also. within certawin limits. higher capacits
nsually results in better filtering. A choke
capable of handling from 70 to 100 mna. is
desirable in order to make the most efficient
use of the rectifier.

The imaginative builder will find manv
applications for this power supplv. Used to
provide plate potential tor small short-wave
regencrative receivers, the variable resistor
acts as an anxiliury regeneration control. [
the device is to be used with a volt-ohm-
meter to increase the range of resistance
readings, it mav be worthwhile to incorpo-
rate some nethod tor checking the available
voltage. A voltimeter of 1.000-ohins-per-volt
sensitivity  connected across the terminals
through a switch will allow for continuous
cheeking of the hooster voltage.

400-Volt Supply

Carl  Andresen built this  third  power
supplyv trom his spare-parts box; most o
the necessary componets can probably he
found in the average electrical or radio home
workshop. A 27 hy 17 by 87 sheet-metal
chassis painted with o dark wrinkle-finish
cnamel was used. Neither the chassis size
nor the position of the parts is critical.

The power transformer, which came out
of anold radio, has a high-voltage winding
of approximately 300 volts with 2350 volts at
the center tap. It also has two filaent
windings. of which onlv the 3-volt section
is usced. The 5T4 tube was chosen because
it happened to bhe handyv: several other tull-
wave rectifiers would work as well. For the
filter choke the author removed a 300-ohin
fielkd coil from w small speaker: the coil and
a dual 16-16 mitd., 430-volt clectrolvtic con-
denser make np the filter svstem. A 50.000-
ohm. 30-watt bleeder resistance is put across
the output to improve voltage regulation.
Ditferent voltages mav be tapped oft the
adjustable slide of this resistor.  Plugged
into a L153-volt GO-cvcle line, it should de-
liver about 400 volts of ripple-free D.C.

“

The power transformer, full-wave rectifier, dual
electrolytic, and bleeder resistor are mounted on
top of the 2” by 4” by 8" sheet-metal chassis.

Wiring is done cn the underside of the chassis of
the 400-volt power sucply. The 500-ohm field coil
used as a filter choke is also mounted underneath.

50,000 OHMS
574

500 OHMS

15
VOLTS

One of the filoment windings of the power trans-
former is left unconnected. The switch shown in
the photos is inserted in the tronsformer primary.
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Businessman’s Radio

By EDWARD BLANTON

OR THE businessman who has to travel
and likes to travel light, here is a handy
radio that manages to be a constant com-
panion without becoming an extra piece of
luggage. Flat enough to fit into a briefcase
or overnight suitcase without crowding out
the other things you want to take along, this
four-tube receiver operates on either AC or
DC at 115 volts.

The resistance of the tour tube filaments
in series is such that no line-cord resistor is
needed to drop the voltage. Therefore an
ordinary two-conductor cord can be used,
as long or as short as vou like. A little extra
length is all to the good, since in some of
the older hotels electric outlets aren’t placed
as close us you might like to the desk or
uight table.

All the tubes are midgets; leads from in-
side are brought out to miniature metal
prongs embedded in the glass envelopes.

o

Connections are made to miniature 7-prong
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sockets that are fastened to the chassis.

The chassis consists of a 5%” by 8” sheet
of thin aluminum bent to form a 90-deg.
angle ubout 27 from one of the longer edges.
Most ot the parts ure fastened to the 2" leg
so formed.

The first tube, a 12BA6, is a radio-fre-
quency amplifier pentode with remote cut-
oft characteristics. The control grid of the
tube is connected to the secondary winding
ol the antenna coil (L1) and the stator
plates of one section of the two-gang tuning
condenser (C1). From the plate of the
12BA6, the amplified radio-frequency signal
is fed into the primary winding of the RF
coil, L2, which is coupled to a second tank
circuit composed of the secondary of the
RF coil and the other half of C1.

The unshiclded antenna coil is placed
beneath the hend in the chassis; the RF coil
is placed above the chassis and must be
shielded to prevent oscillation and distortion
due to stray couplings between the coil
windings and the other circuit components.
To cover the coil, a por-
tion of an old tube shield
was cut ofl and bolted
to the chassis as illus-
trated on page 189.

Output from the RF
tank circuit is fed to the
grid of the 12ATB6, used
as an anode detector
and amplifier. Bias is
provided by a 2,700-
ohm resistor and a 10-
mfd., 25-volt clectrolyt-
ic condenser (R1, C4).
A small mica condenser

An average-size briefcase
holds the radio and plenty
of books, papers, and ather
articles as well. The case
is a leather-cavered jewel
box or accessory case.
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In place of the more costly jewel
case, an ordinary wooden box can
be used to house the set. Offset-
ting the lid provides ventilation.

(C3) in the plate circuit of the tube by-
passes stray RE signals to ground  betore
they can get into the audio system and in-
troduce nnwanted noise.

Resistance coupling is emploved hetween
the detector and andio stages. For the lat-
ter, a 30B5 beam-power pentode is used.
A l-meg. vaviable resistor (R3) in the grid
circuit of the tube acts as a volume control.
For bias, & 270-ohm resistor and another
10-mtd. electrolvtic (R4, CT7) are used.

All of the electrolvtics in this set are of the
dry tvpe, cncased in tubular aliminum shells
and wrapped in heavy paper. These electro-
lyties require no mounting hrackets as they
are small and light enough to he supported
by their own pigtail leads. Polarity is impor-
tant in wiring clectrolvtic condensers. The
“plus” and “minus” Teads must be connected
as indicated in the diagram. Should the leads
o an clectrolvtic be reversed. it may start to
“hoil” and will quickly short or otherwise
becomne inoperative.

The midget outpnt transformer, mounted
on the underside of the speaker frame and
projecting through an opening cut in the
chassis, couples the output from the plate
of the 30B3 with the 3° dynamic speaker.
To match the impedance of the tube to
that of the voice coil. the transformer should
have a primary impedance of 2,000 to 3,000
ohms and an impedance in the secondary
winding of about 4 ohms.

For the filter choke, L3, the 300-ohin field
coil of the speaker is used. This value isn't
critical; any field coil from 300 to 1,500
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ohins will serve. Small
16-mid. electrolytic con-
densers are counected to
both sides of the coil.

A rectangular speaker
opening approximately 37
by 4”7 is cut in the front
partel ol the case and
covered on the inside
with o suitable  grille
cloth. Since the speaker
is mounted on the alumi-
num  chassis. it is not
necessary to bolt it to the
cabinet. Two 5" dia.
lioles are drilled in the
front of the cabinet to
clear the tuning-condens-
cr and volnme - control
shafts. These two shalts,
supplemented by one
nut and bolt, shonld bhe
hold the aliminum  chassis

sufficient  to
firmly against the front of the cabinct.

The cabinet itself cousists of an imitation-
leather covered jewel hox imcasuring 37 by
G by 9 which allows slight elearance for

the chassis on all sides. A rectangnlar open-
ing is cut in the back of the hox and covered
on the inside with wire mesh. This is nee-
essary to provide adequate ventilation for
the set. With a case of this size. both the
line cord and a 25" length of antenna wire
can be coiled inside for casy transportation.

The photo on this page shows an alter-
native and less expensive cabinet made of
a small wooden hox purchased at a erafts

LIST OF PARTS

C1: 360-mmf, two-gang tuning condenser.
C2. C10: .01-mfd. paper tubular, 400 volts.
C3: 250-inmt. mica
Ci. C7: 10-mfd.. 25-volt electrolvti

C5: .02-intd. paper tubular. 400 volts.

C6: .005-mfd. paper tubular, 400 v olts,

CK. C9: 16-mfd.. 150-volt electrolytic.

R1: 2.700-0hm. 2-watt carbon,

R2: 150,000-0hm, 1-watt carbon.

R:zs:ll-mc,‘.'. volume control with switeh. See

Rit: 270-0hin, 2-watt carbon.

L1: Adjustable irvmn-care antenna coil.

L2: Adjustable iron-core RIF ¢oil.

L3: Ficld ¢oil of speaker used as filter choke.

S1: S.P.8.T. on volume control R3.

T: Qutput transformer,

Tubes, wafer sockets, 3”7 cleetrodynamie
speakoer. dial plates, Knobs, mise. hardware,




sture for less than a dollar. The
lid of this box is mounted on the
bodv with wetal hrackets, pro-
viding a7 wide air space o
Wlow ventilation tor the tubes
on all sides. With sueh all-
aronnd cooling, the set mav be
plaved while it 5 Iving on its
hack or on anv of its sides. Al-
thongh  somewhat  less  Land
sonie. a cicar box with a ventila-
tion slot will be as serviccable.

I commuon with most AC-DC
sets. the chassis of this receiver is
agrounded to one side of the
Tierefore no exter-
nal gronnd shonld be used. A
hank of wntenna wive thrown out
the window or strune wlong the
ftoor is sufficient to pick up most
local stations. It must be noted
however. that this is a TRE c¢ir-
cuit and its selectivity s not
as areat as that of a superhetero-
dvne. Nevertheless., it shonld he
sufficient to sepurate trausmit
ters in most localities. When ns-
ing the set on DC. remember to
reverse the plue if the radio fails
to play on the first try.

It vou like radio novelties. von
may want to trv putting this
compact cireuit, perhaps rear-
ranged on a more suituble c¢has-
sis, into a bunjo clock, o table
lamp, o book cover. a night
table, or even a ship modcl.

power lin

MACHINE
TUBE -] SCREW
SHIELD | = AND NUTS

To prevent oscillation and distortion
due to stray coupling, the RF coil
must be shielded. A suggested method
for isolating the coil is to enclose
it in an old tube shield which is at-
tached to the chassis as shown above.

The chassis is a sheet of aluminum oent to the shape of a lang
"L Most of the parts are attached to the projecting leaga.

= o el Iy

Front view of the chassis. Matching holes are cut in the cabi-
net for the speaker and volure-coniro! ard condenser shcfts.

Aside from the tubes and speaker, most of the parts are mounted
below tne bend in the chassis, as shown in the photograph befow.




Bring (ut
High Notes with
1 Tweeter

S THE loudspeaker bottlenecking your

radio-phonograph? It is if vou have a
good audio system feeding into a single
speaker. For no matter how much sound
quality reaches the plate of the output tube,
vou'll only hear what the speaker can re-
produce.

Single speakers are found in the over-
whelming bulk of all radios and phono-
graphs. For the most part they give ade-
quate sound reproduction, but in many
cases they do not deliver the full potential
of the rest of the equipment—particularly
with FM and the new wide-range records
and pickups. The larger speakers—those

[l
“‘!

Speakers are mounted behind openings cut in
a baflle made of soft fiber board. They are then
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Dual apenkers give you the fu“ benefit of a
well designed cabinet and a quality amplifier.

covered by a grille cloth. The tweeter may be
placed on either side or above the lirge unit.



The divider network consists of two condensers
and an RF choke. monnted on an insulating strip.

S

spacing the 1weeter on four 17 metal collars
minimizes reproduction of low-fregqueney notes.

with frame diameters of 8”7, 107, 12”7 or
Luger—are particularlv good for reproduc-
ing low notes. However, while their large,
Irec-moving cones hoom out the bass well
cuongh, they tend to muflle the high notes.
To reproduce the latter sounds with fidelity,
vou need a tweeter,

Mweeters are small) rigid-cone  speakers
of about 3”7 to 6” diameter especially de-
sitned to reproduce all or part of the sound
spectrim between 2,000 and 15,000 cveles.
When combined with o large speaker—or
“wooter”—und a dividing network. a tweeter
will vive greater faithfulness and brilliance
to anv music. In addition to increasing the
range of vour soimd system, it will also im-
prove the balance between high and low
notes and separate individual instriments.

You can spend from $2 to $235 or more
on a tweeter. The one in the photos cost
about $8. It has a voice-coil impcdance of

Plice the speakers side by side an the bullle.
The filter network is attached near the tweeter.

r—‘ OUTPUT_V_ B

TRANSFORMER

Ly
LS MH ! 5
PRI, SEC. '75°HM5rMFD. ’
<,
-
”
B+
WOOFER
CHASSIS
Y G} Q TWEETER
i “wro.
50 VOLTS

Filter circenits {or tweeters may be purcliased
prewired, or yon can make one as shown above.

16 ohms, but in this circuit it works per-
fectly in combination with a standard 127
speaker having an impedance of 6-5 oluas.

The dividing network inclndes a .6-milli.
henry, T3-olun REF filter choke whose fune-
tion is to keep high frequencies trom the
wooler. Low notes tuke an opposite path.
since Cl blocks them from the twecter
while LT passes them readily. Condenser
C2 filters anyv stray highs that mav have <
ten past the choke. Note that C1is a papa
condenser, not an clectrolytic,

Mount the two speakers on a liber-hoard
haflle. The tweeter should not be placed
below the woofer: it is spaced off the bhowrd
on four 1”7 collars to discourage the vepro-
duction of low frequencies. To obtain full-
est emphasis of low notes vou may wish to
try a bass-reflex cabinet.  Construction
details will be found in the drawing at the
lower rivhit cormer of page 223,

9



By GEORGE O. SMITH

OR CANNED or current entertaimment,

here’s an all-around music box that will
keep vou in the swing. Built into a small
case that usuallv holds onlv a phonograph,
this set contains a five-tube superheterodyvne
receiver that can be used alone or as an
amplifier for the record playver. The radio
operates on A.C. or D.C., making the unit
useful wherever 1153-volt current is avail-
able. A universal motor would give the
record plaver an equal amount of flexibility,
but since one mayv be hard to come by,
either an A.C. or D.C. motor can he used
in its plice. In this event, of course, vou
will have to see that the phonograph part
is not used on the wrong current.

To get the radio into a small cabinet, the
tubes and intermediate-frequency trans-
formers are mounted on one edge of the
chassis. This “in-line” layout fits below the
phonograph motor and tends to isolate sev-
eral of the oscillation-producing compo-
nents. A standard 17 by 57 by 9” blank is
used for the chassis, but a satistactorv sub-
stitute can be tormied from 20-gauge steel
or aluminum. Aluminum may be better it
heavier stock is used. and it should offer no
soldering difficulties since conections to the
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With the latest disks and even later music off the
airwaves, you're equipped for any party—anywhere.

0rt.ale'lmno-liadiu Combination

chassis are made with lugs. The comple-
ment of tubes and transformers will fill the
edge of the chassis with no room to spare,
so, as a step in space conservation, use
spring-tvpe tube bases; these fit into mount-
ing holes of approximately 1 5,/32” diameter
and are secured by retaining clips.

The rest of the lavout will depend upon
the space availuble i your cabinet. In
mounting the gang condenser, don’t forget
to allow for the swing of the rotor plates.
It may be possible to make a direct cou-
pling in some cascs; in others, a flexible cou-
pling or flexible shaft must be used. The
latter will allow the condenser to be mount-
ed at some distance from the dial. 1f none
of these methods is fcasible, vou may have
to resort to the dial-cable system shown in
the photograph at the top of page 194
Cut the condenser shaft short of the frout
panel, and fasten over it a knob with
straight sides. Build up the hub of the dial
assembly with tape or a metal bushing, and
wrap the cable around it. To secure the
cable ends, replace the knob setserew with
a longer screw of the same thread, slotted
at one end. Tighten the knob with this
screw, pull the cable firmly through the
slot, and solder it fast.

When cutting the board for the phono-



graph motor and turntable, it is necessary
to place the disk over to one side in order
to leave enough room for the pickup arm.
Try out the position of both units with the
largest record you expect to use betore
drilling the board.

The recessed-control panel eliminates the
protruding knobs that may either become
damaged or do damage during transit. Sep-
arate rectangles are cut out of the cabinet
tront, and the panels holding the dial and
control knobs are fastened behind the open-
ings. If vou have a lurge sheet of bukelite
or other material suitable for use as a panel,
vou may prefer to cut a single rectangle
long enough tfor the speaker and both con-
trol sections. Whichever wav vou do it, be
sure to leave finger clearance around the
Kknobs.

Remove the crystal cartridge from the
pickup arm by taking out the two screws

The "in-line” radio-amplifier loyout uti-
lizes the normally wasted space in front
and below the phonograph motor. Tubes
are mounted along one edge of the
chassis, with the speaker and control
panels fixed along the opposite edge.

on the sides. The cartridge probably has
two lugs used in making connections to the
amplifier, and a third, grounded lug which
is usually riveted to the case and soldered
to one ot the connecting lugs. Unsolder this
conmection.  Using two-condnctor shielded
cable, run the shield to the cuartridge-case
lug, and the two wires to the crystal-element
lugs.  These connections will isolate  the
circuit trom the chassis and pickup arm.

With great good luck vou may be able to
find & manufuctured loop that will it vour
cabinet. In the more likely event that you
can’t, @ plan for the loop is shown in the
photo and drawing at the bottomm of the
next page. Follow the pattern us closely as
possible; it vou must revise it to fit your
carrving case, alter the internal dimensions
proportionately. Cut the form fromm heavy
cardboard or medium fiber, making an un-
even number of slots so that the alternate
turns will cross above and below cach
tongue. Wind the loop with No. 22 silk-
covered wire; be sure there is an enamel
couating on the wire, for the thin silk insula-
tion may puart where the wires cross, and an
uncoated wire would cause shorted turns.
After winding. either paint the loop liberally
with coil dope or immerse it in melted pur-
aflin to keep moisture out.

The  three-position,  four-pole  rotary
switch turns on the radio in one position.
turns evervthing off in another. and in its
third slot operates the phono amplifier and
the motor. Pilot lichts illuminate the radio
dial or the torntable area, depending upon
which part is in use. Hum pickup is min-

bt e o
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imized by breaking the 115-volt line at the
B-minus side of the switch. This side is
directly connected to the audio return cir-
cuit, where little hum voltage exists.
Alignment and adjustiment of the set fol-
low the usual procedure. 1f a signal gen-
erator is availuble, trace the signal through

134

At left, the dial-cable assembly, showing the knob
on the condenser shaft and the built-up bushing on
the dial hub. Above, note the angle brackets atop
the L F. transformers for fastening to the case.

the I F. transformers, and adjust for maxi-
mum output.  Without a generator, the
adjustment can be made on the air. Inter-
mediate-lrequency transformers are gener-
ally tested at the factory and set approxi-
mately to operating frequency. It is only
necessary for vou to compensate for the
difference bhetween the manufacturer’s test
equipment and vour circuit by tuning in a
strong local station (which should come
through the factory-set transformers) and
adjusting for maximum strength.

If o high-resistance voltmeter is handy
clip it directly across the outside terminals
of the volume control. Use a meter scale
thut includes at least .3 megohm  (on a
1,000-0hms-per-volt instrument, this wonld
he the 500-volt scale) and align the 1. F.
trimmers tor maximum voltage.

On the oscillator section of the gang con-

If it is necessary to olter the dimensions of the
antenna, try to maintain the proportions as shown.
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denser, C 16, the trimmer should be set to
about one full turn out from the “tight”
position. It may be necessary to alter this
setting later it the frequency coverage of
the recciver is incorrect, but use this as a
starter. Tune the sct o a station near the
high end of the band (i.c., with the con-
denser almost fully open), and adjust the
trimmer on the antenna scction of the con-
denser for greatest signal volume. 1t the
peak volume is not passed by the time the
trimmer is fully tightened, add a 10-mmf.
or 20-mmf. mica condenser (C13) across
the gang-condenser scetion.  Use which-
ever value is needed to peak the trinmmer.

Now tune in a station at the low end of
the dial, and see if the signal strength can
be improved by altering the setting of the
trimmer. If more capacity—tightening of
the trimmer—is needed, add about a half
turn to the antenna loop, and repeut the
tuning procedure, starting at the high end.
Continue adding wire, a half turn at a
time, until no trimmer change is needed at
the low end of the dial. The set is then
propetly tracked. If less capacity is needed
on the first trial at the low end, remove a
half loop of the antenna and continue re-
moving turns until tracking is vight.

The set is held in the cabincet by two
L-brackets placed under the hold-dovwn nuts
on top of the 1. F. translormers. and by
screws connecting the pancls ond cabinet.

LIST OF PARTS

C1, C2: 50 mmf. mica.

C3: .05 mfd., 250 volts.

C1, C3, C8: .25 mfd., 250 volts.

C6, C7: 100 mmf. mica.

C9: .002 mfd., 250 volts.

C10: .02 mfd., 250 volts.

C11: .01 mfd.,, 450 volts.

C12, C13, C14: triple-capacity electro-
lytic. C12, 20 mfd. 25 volts; C13, Cl14,
20 mfd. 150 volts.

C15: 10 or 20 mfd. Sce text.

C16: Two-gang tuning condenser with
trimmers.

R1, R8: 1 meg.

R2: 35.000 ohms.

R3: 250,000 ohms.

R1: 2 meg.

RH5: 50,000 ohms,

R6: 10 to 20 meg.

R7, R9: 500.000 ohms.

R10: 170 ohms, % watt.

11: 500,000-ohm pot.

R12: 25 ohms, ' watt.

(Resistors % watt unless otherwise
specified.)

T1: Output transformer.

L1: Filter choke.

Osc.: Oscillator coil.

Sw: +{-pole, 3-position rotary switch.

P1, P2: 115-volt pilot lights,

M: Phonograph motor.

Permanent-inagnet speaker. 2 inter-
mediate-frequency iransformers,
crystal pickup, tubes, sockets, knobs,
dial, misc., accessories.

2—mca

195



o

-
|
o

Housed in a cut-down file box, this
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little personal portable really drags in stations.

By Albert Rowley

OV much radio can vou stuff into a
portable, and how small can vou make
it? PorurLan Sciexce asked these two ques-
tions, and here are my answers. The first is
“plentv.” The second is that with standard,
easily available parts; vou can boil it down
to a threc-pound package 3%” by 5%” by 6”.
Smaller sets can be made, but thev’ll prob-
ablv offer less radio. Here’s a honey of a
compromise between size and performance.
It gives vou a tour-tube superhet circuit,
good loudspeuaker volume. and enough sen-
sitivity to pull in practically evervthing on
the air. In trvouts the signal-grabbing quali-
ties of this midget put several table-model
radios to shame.
It's a natural to take along to the ball
park—easier to carry than vour best girl’s
handbag. Your favorite sports announcer
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can feed vou the statistics on the game while
vou watch, und if leather-lunged fans around
you get too noisy, all vou have to do is plug
in the earphone jack and listen in quiet and
privacy. And don’t worry about having to
tote extra batteries to keep the set alive.
This model went through two ball gumes on
the same single-cell A supph

Your first job is to ussemble the parts, and
that means careful shopping and selection.
Chances are the spare-parts box won’t be
of much help in this case because you have
to make sure. before using any part, that no
smaller one is availuble. Be sire to specify
H-watt fixed resistors, and get the smallest
paper tubular condensers you can. Thev
don’t have to be rated higher than 200 volts
as they won’t have anvthing over 70 volts
to cope with. Mica condensers don’t have
to be any larger than 7/16” by 11/16”. You
may find a volume control even smaller than



the one used here, as some new iidget
units have recently beeu announced.

The 1mnidget two-gang tuning condenser
measures onlv 1%” behind the panel; this
one has a cut-plate section to tune the oscil-
lator of the 1IR3 converter tube. Should
vou be unable to find a midget condenser
with an oscillator section, a small standard
unit with two equal gangs can be used in-
stead. In this case, however, a padder will
have to be inscrted in series with the ground
lead of the oscillutor coil,

The oscillator coil itself should have an
adjustable iron core. This makes it casier
to align the two sections of the variable con-
denser. Turn the core about three fourths of
the way out of the coil; final adjustment can
be made alter the set is working,

Probably the most impaortant components
in terms of size are the intermediate-fre-
quency transformers and the loudspeaker.
Your best bet in both cases is to try to pick
up replacement parts for commercial per-
sonal radios, Surplus permeabilitv-tuned IF
transformers also are available in the proper
size, and some new IF's are to be had within
the % by %” by 2” dimensions of the ones 1
used. Slug-tuned IF's, incidentally, have the
additional advantage of broad-tuning, which
means that vou can align the circuits easily
without a signal generator. Those who have
built superhets with ordinary IF transtorm-
ers know what this can mean with limited
equipment. Should vou settle on surplus
trunsformers, make sure that thev are de-
signed for the 456-ke. intermediate fre-

quency.
Both the output transtormer and the
speaker are replucement parts for midget

sets. The speaker is of an oval shape, and
its cone measures only 1%” by 257, 1t's rated
for I watt of output, which is ample for the
set.

When vou get through with vour pur-
chases at the radio store, drop into a sta-
tionery store and buy the cabinet. Just ask
for an ordinary wooden file box of the extra-
deep (6”) tyvpe, made to hold 500 37 by 5~
cards. Don’t use a metal case if vou hope
to get reception with a loop antenna. The
old cover is glied down and a new one
sawed ofl near the back. Miake another cut
at the same time to reduce the over-all
height of the box to 3%”. A %” plywood
shelf is glued and nailed in 14”7 above the
bottom to provide a base for the chassis and
a compartment for the batteries. The top
of the case becomes the front of the radio.

s

Make trial layouts of the chassis-mounted com-
pouents before you drill all of the mounting

holes. The chasgis area is only 2%” by 3",

A grid cap snaps on the positive coutact of the
single A cell. Slid between cardboard tube and
case, a split paper clip takes the other lead.

These photos show the chassis  lavout
used; some of the parts ecan be shifted
around to suit vour own design, but for
short leads try to maintain the relative posi-
tions shiown. Cut a picce of sheet aluminum
4% by 5”7 and bend a &7 leg along each of
the shorter sides. The resulting chassis will
measure 24”7 by 5”. Since all the larger parts
except the oscillator coil go on top of the
chassis, this is the side to consider most care-
fully. Spread the parts out as shown in one
photo, and mark the position of each one
carefullv. The two-gang tuning condenser,
four ininiature-tube sockets, two IF trans-
tormers, volume control and switch, output
transtormer. small PM speaker, and the plate
by-puss condenser for the 184 go above the
chassis; all except the by-pass condenser
necd separate house room on the small plate.

While vou have to allow room for the vol-
ume contro! and switch, vou won't he able
to mount them on the chassis. For this vou
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Compaet but not overcrowded, the chassis top transformer next to the speaker, which is a
has little waste space. Note the midget output  miniature 2%” PM that has an oval-shaped cone.

need a front panel—a 3” aluminum square  the batteries for the last. Begin with the
bolted to the chassis. Drill a hole through  connections to the 1R3 converter stage, then
the same panel to clear the shaft of the tun- go on to the IF stage und the LU4 RF pen-
ing condenser. tode. Next muke the connections to the

Leave the wiring of the loop antenna and  diode of the 1S5 detector. Instead of tollow-

PARTS LIST

All fixed resistors 1} watt R10: 200 ohms_(This value is L2: Adjustable iron-core OSC. coil
insulated carbon critical within 5 % ) 1F1, 1F2: Midget intermediate-

R1: 220,000 ohms All paper condensers 200 volts. i frequency transformers, preter

R2: 10.000 ohms Cl A. B: Midget two-gang tuning ably permeability tuned

R3, R6: 3.3 meg condenser with cut-plate S1: DPST switch on R5

R4: 82,000 ohms oscillator section J: Normally closed phone jack

R5: l-meg. volume control with €2, C5, C8: .0001-mfd. miza. PM spenker. 21" gval cone: tubes,
DPST switch 1S1) C3. C4. C9: .01-mfd. paper. batteries (1 671.-volt B and 1

R7: 10 meg C6: 8-mfd.. 150-volt eiectrolvtic. 1':-volt A): four miniature-

R8: 1 meg C7.C10, C11: .005-mfd. paper. tube sockets: aluminum chassis

R9: 2.2 meg L1: Loop antenna and »anel, misc. hardware
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No rat’s nest, the vnderside of the chassis is
no tougher to wire than wany lareer sets. How-

ing the usual sequence right through, it man
be better to stop at this point and commence
wiring the speaker. Work backward from
here to the pentode portion of the 185, The
network ol resistors and condensers that go
to the grid, screen and plate of this tube and
to the grid of the 1S4 output tube are the
last of the small parts to be connected. This
wiring sequence isn’t essential, huat it will
help vou {ind soldering voom.

Headphones aren’t necessary with this set
but there are times when vou will find them
handy, so an optional phone juck is shown
in the diagram. The jack to nse is a normal-
lv closed unit that completes the loudspeaker
cireuit when the phones are not heing nsed.
Plugging in the phones automatically breaks
the conmection to the speaker.

For noisy spols, weak stations, or private
listening, carphones are nice extra egnip-
ment. But it you should decide to pass them
by, all vou have to do is omit the portion
shown by broken lines and connecet the two
wires marked “x” in the schematic drawing,

Drill o hole through the rear flange of
the chassis and insert a rubber grommet.
Through it vou can bring fonr leads—pre-
ferably color coded—to the batteries. The
coding is only to help von until the connec
tions are made, since two ol the leads are
soldered to a standard, polarized clip that
is uscd on 67)5-volt batteries. The wire going
to the positive (center) terminal of the flash-
light cell is soldered to a grid-cap elip. For
the negative connection a puper fastener is

ever, a planned wiring sequence will help to
prevent vou from getting hadly in your own way,

soldered to the lead and inserted between
the metal shell ot the battery and its card-
bowrd sleeve. Cells ol the sleeveless type
will require a diferent connection.

When the chassis is completely wired,
connect the batterics and loop antenna and
tune the circuits tor maximm volume and
sensitivity. Start with the secondary of 1102,
and work hack to the prismary of 111, Bring
in u station at the high end of the dial (with
the tuning-condenser plates out of nesh)
and adjust the trimmers on the side of the
variable condenser. Tuke care of the oscilla-
tor trimmenr first,

Youll fingd that vou can strengthen weak
stations a little by opening the back cover
and allowing the antenna to swing about
two or three inches away from the metal
chassis.

5 < .
:’ff__-.: L
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Plugging in the pliones antonatically cits ofl
the speaker. Phones are good in noisy locations,
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Making a switeh out of the slide top of a cica-
rette case calls tor a %7 angle bracket, a flat
mending plate, soldering lugs, and hardware.

Asrembly of the switch can be seen here. The
view is throngh a 1%” by 2” rectangular cut-

out made in the side of the cigurelte case.

By Albert Rowley

LIKE my portable radios small. It makes
I sense to me to have a little set that 1 can
lug around without effort, rather than one
that threatens to pull mv arm off at the
shoulder.

At the same time ! know my compuct
portable doesn’t have as muel: pick-up power
built into it as one of the larger, more ex-
pensive sets. It works fine close to a small
station and up to 50 miles from a high-
powered transmitter; but when 1 take it on
a long ride. performance definitelv falls off.

To overcome this defect, I built an RF
booster for my set. It consists of an untuned
RF stage packed in a plastic cigarette case.
It can be plugged into the portable when
and if it's needed. The hooster increases
the signal pickup of the portable, converting
its lour-tube circuit into a five-tuber on

A S-prong waler socket mounted in the back
of the cubinet supplies both electrical contact
and mechanical support for the booster.




Lavout and wiring of the parts is simple. The
thing to watch for is clearance of the tube and
socket in the 2”-wide opening in the case.

demand. With it the set can reach out
reliably for hard-to-get stations.

A booster like this will inprove a great
many portables, but there are manv more
on which it would be wasted. Sets that al-
readv have a stage of RIT amplification or
two stages of IF won't benefit by the addi-
tion. T'o find out how vours stacks up, re-
move the back cover and take a peek inside.
A 3-gang tuning condenser is a sure indica-
tion that you don’t need this hooster.  Less
certain but a good clue is the number of
tubes. Five or more—not counting the recti-
fier, if anv—mean the set alrcady has enough
RF or 1F gain. As a final check, look at the
tube-tvpe numbers. More than one of any
of the following tubes indicates that vou
don’t need a booster: 1T4, 1U4, IN3-GT,
or TLN3.

It examination shows that vour set can
benefit from some additional radio-frequency
amplification, your first step should be to
purchase the little “cabinet.” I used a plas-
tic cigarette case with a slide opening on top
through which the smokes can be popped
out. The slide is useful because it’s a cinch
to convert it into an oun-off switch.

In the side of the case near the top, cut
out a rectangular opening. Make a cover
tor the opening from a piece of plastic about

005 MFD.
PAPER

.0001-MFD.

5-PRONG PLUG

The small parts used can be soldered directly
to the 5-preng mounting plug and the 7-pin
miniature wafer socket that holds the tube.

2" by 2”. It can be fastened to the case by
drilling undersize holes and using small
machine screws that will tap their own
threads.

Drill and file a hole in the eenter of the
plastic rectangle for a 3-prong plug that has
a metal ring for flush mounting. Two ma-
chine screws and nuts secure it to the plastic
panel.  Inside and at right angles to the
plastic attach a 7-pin miniature wafer socket
by soldering its pin 5 to one of the machine
serews. Make a strong mechanical bond to
hold the miniature socket rigidlv. A couple
of resistors and condensers as well as leads
for the switch and the A batterv are then
soldered in to complete the wiring.

The filament supply comes from a size C
flashlight cell that fits nicely in the width of
the case; connections can be made by clips
or bars bolted to the inside of the case.
B-plus voltage is tapped oft the set.

To muke connections to the set, I drilled
a hole in the back of the radio cabinet and
momnted a 3-prong waler socket. Connec-
tions to this socket are made as tollows:

Prong | goes to the grid of the converter
tube. This is fouud at the fixed-plate termi-
nal of the antenna tuning condenser (the
larger plates of a two-gang tuning unit).
The original connection is unsoldered. If
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therc are two commections at this point, don’t
touch the one that goes to the loop antenna.
Prong 2 soes to the wire you have just un-
soldered trom the turing condenser. Prong
3 runs to the chassis of the set. Prong 4
leads to the positive terminal of the B bat-
tery. If you hive a S-way portable, it mav
2o cither here or to a B-plus point inside
the set. Prong 3 can zo either to the chassis

of the set or to the AVC line (the black lead
from either of the IF transformers). Try
both of these connections and solder it per-
manently to the one that gives best results.

For those times when the booster isn't
going to be used, huy an extra 5-prong phg
and solder a jumper lead between prongs
1 and 2. Plugging in the jumper in place of
the hooster restores the original circuit.

B Supply Cuts Battery Cost
S

Listen all you want without draining those ex-
pensive batteries. The little box supplies B
voltage; weight of the portable turns it on.

Parts are mounted on a flat chassis that is
fastened inside the steel hox by machine screws
slipped throngh the rubber feet.
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AVING discovered how easy it is to

make my small portable behave like a
bigger set, 1 decided to get rid of another
sore spot in ils operation—the high cost of
B batteries. It's no fun to shell out a couple
of bucks every few wecks to replace the
weukened hatterv. For very little more than
the price of a replacement battery 1 built
this perpetual B supply that works off any
115-volt AC or DC line. I still use flashlight
cells for the A supply, hut their cost is in-
significant.

Like the RF hooster described above, this
device is independent of the set and doesn’t
impair its usefulness as a portable. \While
my set uses a 67%-volt hatterv, the same
eliminator will serve other sets requiring up
to 90 volts. It would be useless, naturally,
on 3-way portables.

Instant warm-up is retained by using a
100-ma. selenivin rectitier.  This and all
other parts are assembled inside a steel first-
aid box measuring 1%” by 4%” by 74",
You'll find a cubinet of about this size con-
verient, since it forms a platform on which
to rest the set.

The shaft of the voltage-regulating potenti-
ometer is sawed ofl to fit inside the hox. Slot
the shalt to permit serewdriver adjustment.



On top of the box and insulated from it
by pieces of fiber are two 17 by 157 alumi-
num contact plates. The remaining parts
are mounted on a Hat chassis inside that is
secured by fotr momting serews through
the bottom. Use rubber insulating feet on
the bottom and never sct the hox on a
arounded metal surface like o radiator or
sink. Better still, nse a plastic chassis panel
to insulate all components fromn the box,
wiring together the grounded points in the
dingram, and put in a two-pole switeh iu
stead of a single-pole one. This will open
hoth sides of the power line. You could
still @et a shock by pushing the switeh and
tonching the terminal ples. or one plate
and an ontside crommd. so keep the gadget
away from Kids.

One side of the line cord is connected to
the negative terminal of the seleninm reeti-
fier throneli a 30-olnn wire-wound resistor.
The other side coes to the chassis through
a push-tvpe switch (S1).  An aluminum
strap holds this switch upright. permitting
the plunger to project throngh a hole in the
top of the cabinet. The switch is of the
normallv-off type. It is twrned on by the
weight of the radio and goes off antomuti-
cally when the set is lifted oft. It's a good
idea to remove the set when vou are through
listening, for current will continue to flow
through R3 even with the set turned off.

Voltage ontput is regulated by a wire-
wound potentiometer rated at 2 watts or
more and having a resistance of 10,000
ohms. You can adjust this to any value from
about 60 to 100 volts. Sct it 10 to 15 per-
cent above the nominal rating of the battery
nsed in vour portable. The higher voltage
will make the set more sensitive than it
usually is on batteries ulone, and it won’t
do any harm to the circuit camponents.

Youwll have to make a few minor changes
in the receiver. The first is to make some
arrangement for disconmecting the hattery
when the eliminator is used. To do this.
simply cut the lead to the plus terminal of
the B batterv and comect it to the center
arm of a SPDT togele switch. Wire one
side of the switeh to the battery and the
remaining switch terminal to an alominum
contact on the bottom of the cabinet. The
civcuit and suggested method o attaclinent
are shown at the lower right. Make swe
that the contacts on the set line up with
those on the eliminator. The switch can be
placed in the hack pancl of the radio. Al
bert Rowley. Manhattan. N Y.

l0000 OHM 1,000 SELENIUM
| WIRE-WOUND  OHMS # REGTIFIER
+ o-FOT 2 waTTS ) &0 ~30 OHMS
B 2 WATTS!
1
i
67,
2
VOLTS
4OMFD. l "
150 VOLTS |
[
+“- 1 PUSH SWITCH
12 MFD. A Ca '20 MFD. (NOORPN&%‘L)LY
150VOLTS 150 VOLTS

Wiring shown is for a metad classis. To nake
the wnit still safer. nse a plastic panel. a
DPD switeh. and conneet all gronnds together.

Coenections to the portable are made directly
to the battery terminads. The B-plus line s
cut and rewired through o togale switch.

PORTABLE  ,SOLDERING B+ LEAD

CABINET \ LUG ( DISCONNECT
. FROM

£ / BATTERY)

ALUMINUM STRIP

2
ALU v‘.lNUM) FIBER

- +
67,
SOLDERING LUG vOLT
BATTERY
ELIMINATOR CABINET| \

CONTAGT STRIFS

Contact strips are added to the hottom of the
raddio. These st line up vith the coatets on
the climinstor. The outer oae is et
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AC-DC Sets
(0 Portahles

Need a portable? Switch your AC-DC
midget to battery power. It costs
little and doesn’t harm the sel.

By William Norton

SU.\I.\IER months are outdoor months, and
radios that can’t get out into the open
with vou don't fit into the picture very well.
But if vou already own a number of house-
bound receivers, vou may have some objec-
tion to buving or building still another set.
You don’t have to. One of those AC-DC

midgets has the makings of a good battery
portable, It isn’t even necessary to make any

Remove all tubes before starting to work on
the set. Mark each socket with the number of
the original tube and its battery replacement.

204

e
S —
220 50 BO0 tem i2ng sy I
W __ L E—_—

gt

-
. o5 ige i
e

New tubes and some minor changes turn this midget
radic into a self-powered portable—and back again.

permanent changes in the circuit. To re-
store the portable to AC-DC operation, vou
need only replace the original tubes and
throw a switch.

The main consideration is tube substitu-
tion. The table on page 207 covers the com-
moner tube lincups. It is impossible to show
all variations, but the chances are that if the
set uses standard-size tubes and was manu-
factured in the last dozen vears, it will fall
into one or another of the inain groups listed.
The more recent midgets emploving minia-
ture tubes are not included since these can’t
readily be converted by the method de-
scribed. In some cases vou mav also find a
set that overlaps two groups.

Many of the tubes in the chart offer the
possibility of simple plug-in substitution.
All vou have to do with a TA8 converter, for
example, is lift it out of its socket and slip
in a 1LAG. Pin connections are the same.

Some problems arise, however, when it
comes to changing the detector tube, Most
AC-DC sets use dual diode triodes in this
stage while battery detectors are generallv
single diode triodes or pentodes. For the first
two groups the 185 miniature diode pentode
is suggested. In the third group vou have a
choice of this tube or the 1H3. Since the
latter tube is a triode, it may not give as
much amplification. However, it can be
plugged in in place of the 6Q7, while for the
185 vou’ll have to make an adapter socket.

The adapter socket for a 1S5 cousists of a



7-pin miniature wafer sochet monnted on
top of an oetal or lock-in base—whichever
matches the socket in the set. For the adapt-
er base use a burnt-out tube, 1f vou don’t
have the right kind in vour workshop, von
can pick one np for a few cents from a foeal
repairman,  Place the tube in a paper bag
and give it a sharp hammer blow to break
the glass, Using pliers and cutters, remove
the loosened clements and break off any re-
maining glass.

Octul bases are casier to work with since
the prongs are hollow on the nside, Lemove
the old connections by melting the solder
and make new ones by luserting wires into
the hollow prongs and flowing in solder, Use
solid tinned wire of fairly heavy cange No,
IS is ubout right—making snve that the e
is well insulated. Bare wire can he covered
with plastic spaghetti,

If vour set nses tock-in tnles, file the part
of the pin that protrades inside th
Filing cleans the metal and allows the cdded
wires to be soldered on finnly,

Where the 185 pentode is nsed to senlaee
a triode, some provision st he made tor
the seveen grid, This is connected to Soplus
through a 680.000-0hm. "ovatt vesisior, A
midget .01-mfd., 200-volt paper tnbular con
denser pravides a bypass nuth to o ind
Both these parts are noonted divec Ivoon
the miniature socket, In the chart e cid
of the resistor is shown connected (o pin 2,
a dead prong nsed as arcme b poine

If vou plan to reconvert the ot o ACI
use at any future time, i is advisahlie 1o s
phone tips and jacks for Beoh id othe
connections so that the origimal cieemi can
be casily restored, Find o Bonlns paint 1
the receiver—usuallty at the sereen o7d ol
the power ontput tnbe—instail an insulated
phone jack on the chassis, nd wire the two
toeether. The lead from piv 2 of the 185
socket can terminate in a phone tip and he
plugeed in whenever the tnbe is inserted.

A second Tead from the adapter socket
voes to another phone jack on the chassis.
This connects the sceond diode nlate in the
original circuit to A-plns throngh o 1anee.
resistor. The reason for this connection is
that the single-diode 155 is being uscd in
place of a dual-diode detector in the orig-
inal set. In some sets this wiring isn't nec-
essarv so if vou like vou can trv the sct first
before insertine it,

All AC-DC receivers lave tube heaters
connected in series. By Jeaving them theat
wav it is possible to avoid rewiring, Make

hase,

To mahe an adaprer ~ocher, seleet o tithe with
the right base and breuk off the alass, JFilce
the pius that protrude inside o« Jock-in base.

19 - 'y@ /e . £
This adapter allows the hattery tube to he
plugged inin plice of the original tube, New
wiring is made at the socket, not in the set.

A T-pin miniatnre wafer socket, nsed npide
down, and the hase of @ burnt-ont tube are
wired together o mahe the adapter socket.

sure there are no resistors in series with the
heaters, I there ave. they will huve to be
shorted out with a switch, One end of the
filament string is nsually grounded at the
detector stage. Connect the negative A-bat-
tery lead at this point. The B hattery is not
grounded to the chassis direetly: instead it
goes through a bias resistor. The installation
of this resistor—which should he bhetween
330 and 6S0 ohms—is shown in one of the
drawings. One side ol the ontpnt tube’s grid
resistor mnst be disconnected  from chassis
or aronne and wired to Baninns. When the
set is restored to AC-DC aperation, the smal
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A slide switeh soldered (o the frame of the
output transformer changes the impeduance of
the transformer to match the new ontput tube,

& RECTIFIER-TUBE SOCKET
T

Inse FIELD-COIL SPEAKER
‘ (REMOVED
FROM SET)

TN !
{_ ~RESISTOR N
;,1 PLACE OF FIELD

ELECTROLYTICS IN SET I COIL WINDING

{RESLACED ONLY If
HUM INCREASES) \*

“==. CHASSIS OR GROUND

Field-coil windings are usually nsed as filter
chokes. When replucmfg such a speaker with a
PA wmit, jnsert o lilter resistor s shown.,

—— POWER-TUBE SOCKET
IN RECEIVER BATTERIES
GRID RESISTOR B+
Bd RECEIVER

BREAK THIS '

CONNECTION = 330 OHM

680 OHM

Lift the zrid resistor of the output tube from
ground and counect it 1o B-minus, Insert a bias
resistor  hetween this junction and  A-minus.

Batteries are held i, place by meta) strips.
For 1-tulye linenps. use o Gvolt A hattery
B voltage can range from abowt 67% 1, 135
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TAPS ON'VOICE-COIL
WINDING

PM .SPEAKER
N\

‘POWER-OUTPUT /a+
TUBE SOCKET /
IN SET /

UNIVERSAL OUTPUT
TRANSFORMER

The switch shown at the left s wired across
two taps of a universal output transformer.
Sclect the best tap for each output tube.

bias resistor, in series with the much larger
grid resistor, has virtually no effect,

The A-plus connection from the battery is
soldered to whichever heuter lug on the
power-tube socket coes to the rectifier-tulye
socket. The rectifier is omitted from the cir-
cuit. Wire the plus side of the B batterv to
any B-plus point in the receiver. Both the A
and B connections are made throngh a DPST
tozale switch,  This Iy comes the on-off
switch for batterv operation.

Another important point in hattery opera-
tion concerns the speaker. Check the one in
‘our set to see whether it iy energized by a
permanent magnet or a field coil. If it is of
the latter type. vou will have to replace it
with i PN speaker. Sclect one ot the same
size so it will fit the cabinet.

It your speaker has 4 field coil, the chances
are that the coil also acts as 4 filter choke.
A 2,200-0hm, 2-watt resistor has to be in-
stalled between the two wires that are dis-
comiccted from the field coil. Since a re-
sistor doesi’t give as much filtering action
as a coil, there may be increase of hum
when the set is used on AC Try it out, and
it vou find there is too much hum, replace
the filter condensers witl, two 40-mfid. ca-
pacitors or a dual unit containing two such
condensers in one shell. | hey should have
arating of 150 volts or more,

Another point reluting 1o the speaker—
whether vou have 10 change vours or not—
concerns the output transtormer.  Battery
trbes generally have higher load impedances
than the output tubes nsed in AC-DC sets,
As aresult the original transformer may not
give proper inatching, Shonld vou find this
to be the case. replace the transforimer with
one of the universal type and select the ont-
put taps that sound hest on eacl service,
When vou have picked the right ones, wire



CONVERTER TUBE 1.F. TUBE

{SNIP THIS

{0CTAL)
52 64

6SA7- GT
12SA7-GT

<XDM={=ip®

HROUP NO.3 (OCTAL)
G3

Gt

__DETECTOR TUBE POWER OUTPUT TUBE

(TRIODE} (3~~g— SHIELD
6SQ7 (GT)
125Q7 (GT)

35L6-GT
SOL6-GT

25L6 (GT)

Pick your tube lineup. Battery substitutes or adapter sockets are given. All are top views.

them across a SPDT switeh as shown in one
of the drawings. The switch allows vou to
select the correct mateh for either battery
or house-line operation. Like many of the
other alterations, this one won't be needed
in all cases, I vou already have a PM speak-
er in vour set, trv the battery conversion
with the original transtormer before invest-
ing i a new one.

Batteries can be held in place by metal
straps. Fusten the straps with wood serews,

or with nuts and bolts if vou have a plastic
cabinet. For series likunents, a 6-volt A bat-
tery is about right for a 4-tube cirenit, omit-
ting the rectifier: B voltage cun vary more.
Depending on the space in the cabinet, von
can use one or two 67%-volt batteries in series
to give a total of 135 volts, or two 43-volts
totaling 90 volts. This gives vou a choice of
675, 90, or 135 volts. The sct should work
with any of these arrangements, but more
voltage usually gives higher output.
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Oscillator-Amplifier
Is Your
Master Music Svstem

Recorded music or your own voice goes over the airwaves at the merc flick of a switeh.

You through is
speaker, any nearby radio, or vou

can play it own

can combine both at the same time.
By Heunry €. Martin

ARGE households can get the most out

of this centralized control system that
pipes music anywhere in the house, but
you'll also find it handy if vou have any-

Connections for speaker, phono motor, pickup,

and mike are made by means of plugs an.

thing larger than a one-room apartment.
Here's a unit that combines two tvpes of
record plaver—a direct amplifier and an-
oscillator that broadcasts through any near-
by radio. The features may be used to-
gether, or either one will work by itself.
While vour wife enjoys a stack of records
in the living room, vou can have the same
music in your basement shop. Those little
radios in the kitchen or an upstairs bedroom
can also pick up the program. And if you
have a few radios strategically located
around the house, the microphone and
oscillator become a handy one-way intercom
to summon you to the telephone or to din-
ner. All this and a hundred other uses of
vour own devising are controlled from the *
single switch panel on your master music
system.

An automatic record changer was used in
this model and is recommeunded, but a
separate motor and crystal pickup would
operate just as well on a one-record-at-a-time
basis. Also, if vou are in an experimental
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Although there is ample roonm on both sides of the chassis, parts shonld be closely grouped.

mood, you ear ring in such changes as in-
stalling a 33 & 1.p.m. turntable with a special
lightweight pickup to use with long-playing
records. or vou can add a magnetic pickup
and preamplifier by adapting the circuit
shown on page 227.

In all cuses the basic oscillator-amplifier
eircuit renxkins the same. It is built around
five tnbes. Two of them (the 12J5 and
12SA7) are used in the vscillator section to
broadeast sonmd  trom  the microphone or
pickup; two more (the 125]7 and 30L6)
amplity the same signal and feed it out—on
demaud—throngh the built-in speaker. The
jfth tube, u 3575, rectifies the AC power
and supplies the required DC voltages to the
aother tour staves.

With a 3meg. variable resistor (R1)
acting as a volume control in the oscillator
part. vou ean “ride the gain” on the trans-
mitter. Volume can also be regulated at the
ceceiving set. A separate potentiometer, R7,
controls the yvolume of the two-tube audio
amplifier.

Both the antenna and oscillator coils are
tuned by means of small ceramic padder
condensers (C6 and C8): one is mounted on
the chussis on each side of the shielded
antenna coil (L1). The padder that tunes
this ¢oil is conmected acruss the larger of
the two windings—usnally considered as the
secondary. A tapped coil, L2, in this elec-
tron-coupled oscillator circuit, is tuned by

The chassis is bolted to a metal panel w
in turn, is inset into a lLurger wooden fr

ne.voLt
oN




12J5-GT 3

PICK UP

the second padder. Once the padders have
been correctly set (bv means of o sinall
serewdriver adjustment) thev shonld need
no further attention unless von decide to
change the frequency of the little transmit
ter. It is important to insalate both padders
from the chassis: this can be done by means
of fiber washers as shown in the drawing
below., The botton washer shonld have a
stight shonlder o make the insulation posi
tive and prevent the shadt from sliding side-
ways into contact with the metal

As can he seen in the photos, the standard
27 by 77 by 9”7 chassis thal was nsed s
more than ample for all the necessary parts.
It can be made smaller. but since the clhiassis
takes aorelatively small portion of the totul
spaee i any phonographi. the saving will not
be great. Five oclal sockets lor the tabes
are mounted in o line alone the rear of the
chassis. The filter choke wand antennae coil
are placed in front of the tbes, and padder
condensers peer up from underncath on botls
sides of LY. Ahnost diveetlv nnderneath the

NUT—_ ~ADJUSTMENT SCREW
Pp= = =2
Y Vs s v o ]
—
METAL ’ | “Fieer
cHassis Jl|, A wasHers

§ L 0|

PADDER CONDENSER

The padder condensers vanst he insulated froms
the chassis. Use (vwo diber washers as shown,
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choke and at right angles to it is a small
mniversal ontput transformer. The photo of
the underside of the chussis shows two leads
coming from the secondarv of this trans-
former wnd terminating at a recessed  fwo-
connection socket in the side of the chassis.
Fhis was done for convenience in assembling
the unit v a cabinet. The two leads coming
trom the voice coil of the speaker plug into
the socket and can readily he disconnected
when the ehiassis has to he removed for any
re¢asorn.

With the same idea of making the chussis
as independent as possible of external con
nections. all other contacts are made by
iucks or sockets. This wrrangement. of eonrse
is optional with  the bnilder. The feed-
throngh. 113-volt line into which the phono
motor can be pligged is brought to a re-
cessed sockel. This connection is tapped off
the line ahcad ol the power switch ($2)
Most automatic reeord changers have thei
own switches so they can be stopped (for
chunging records or when the microphone
is to he nsed) withont entting ofl the cur-
rent going to the oscillator-wnplifier. 1f vour
changer hasn't such a switeh. or it vou are
nsing a plain motor, insert a SPST switch in
series with one side of the motor's line cord.

\ two-connection jack on the chassis re-
ceives the “hot™ and gronnded leads from
the crvstal pickup. This jack is not accessible
when the it is in a cabinet, but there’s no
need to get at it since switeh S1 changes
over the mput cirenit from phonograph to
micraphone. Becanse the mike need not be



P.M.SPEADI(ER

115 VOLTS AC

a permanent part of the assembly, its jack
is placed an the front pancl.

i the diagram above. some of the input
leads are represented as being made with
shielded wire. 1 you trace the same portions
of the circuit in the photos. voun will find
thiat sane of these leads are unshielded. This
was done because it was found convenient
to keep these leads short. near the chassis,
md ont of the wav of other wires. \When the
Laivout allows this vou mav omit the shield.
hut otherwise it is a good idea to provide
for it

Cabincting the oscillator-aunplifier is a
matter for individual taste. For convenience
v purchased  cabinet designed to hold a
record changer. amplifier and speaker was
nsed in the maode! illustrated. Althonesh it
was relatively inexpensive. it did add abont
S10 to the cost of the item—an amount vou
mity be able to save bv constructing vour
own cabinet or building the unit into a hook-
case or other piece of turnitive. Total cost.
incidentally, ran to abont $45. ineluding the
cabinet and record changer hut not counting
a microphone. This changer cost something
over $20. Other models ure available at half
or twice this price. Since the components

re all standard. vour spare-parts hox mayv
make a big dent in the cost ficure.

When vou have completed and doubl
checked the wiring. connect the speaker.
phono motor, und pickap. turn on §2 and
throww ST to “phono” position. Give tlie
amplifier a few seconds to warm up. then
check tor sonnd by seraping o finger across

LIST OF PARTS

R1, R7: 5-meg. potentiometer

R2: 1,800-0hm. 1-watt ¢irbon

R3: 68,000-0hin watt carbon.

R4: 100,000-0lun watt carbon.

R3, RG6, R10: 31.001 n witt carbon.

R8: 22,000-0luu. |-watt carbon

RY: l-mey., walt citrban

R11: 680.000-0hw, "ocwadt earbon.

R12: 390-ohm. I-watt carbon

R13: 1.000-0lnn. 10-watt wire-wound.

CI, CY. C13. CI8: .01-mfd.. 400-volt paper.

C2: 3-mtd.. 25-volt drv clectrolvtic.

C3: .0002-mfd. cerumic.

C4. C12: .006-mftd.. 4b0-xolt puper.

C5. C11: .05-mld.. 100-volt puper.

6. C8: 175 to 300-mmf. ceramic padder.

7. 000 -mfd. mica

210, Cl14: 10-mfd.. 25-volt div clectralytic.

I5.CI7: 16-mfd.. 130-volt dry electrolvtic.

16: 24-nfd., 150-volt dry electrolvtic.

I Slluielded iron-core ant. coil for broadcast
md.

ZL Tapped osc. coil, dir-cove, unshiclded. 436
o

I'L: Universal ontpnt transformer

S SPDT tosule

S2: SPST togele

P.M. speaker, I3-volt neon pilot lamp. record
changer or phono motor and pickup, tubes
sockets, twa-conmector juchs (2) and plugs;
recessed tecd-through socket. mise. hardware.

[aeleielele]

the pickup needle. There are no tuning
adjustments to be made on the amplifier
section.

In order to transmit. however, vorr must
first align the oscillator padders. Tune a
nearby radio to a dead spot near the low
end of the broadeast band-—aronnd 600 ke.
on the dial. Adjust the padder across the
oscillator coil first. This one is critical and
should be tuned bv turning the setscrew
slowly until the test signal is heard on the
radio. For a test sienal von can either
continne the needle scriping or play some
records with the amplifier volime turned
way down

When vou have the oscillator padder set
to its best position, adjust C6 for maximnm
volume. Once the signal  starts  coming
throngh the radio receiver. lower the volume
adjustinent (R1) to keep fron overloading
the transmitter and  distorting  the  sound.
Keep this resistor ut about the half-way
sctting for the phonograph but turn it up
for the mike. \When either the oscillator or
amplifier is wanted by itself, set the control
of the other all the way down,

This two-tube oscillator has a huskv ont-
put and with a long antenna is capable of
radiating signals further than the maximnam
allowed by the Federal Commmmications
Commission. To avoid trouble. keep the
antenna short. A 53" or 67 picce of insulated
copper wire left dangling behind the cabinet
shonld be adequate.
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Armchair Tuner
Reaches

Sit back al;d relax . . . this two-tube

remote control puts the pick of the
programs at your fingertips.

By Edward Blanton

} OV do vou measuwre the distance from

vour favorite armchair to the control
knobs on a radio? You can count inches
centimeters, or the seconds it takes vou to
get across the room, but they won’t tell von
much. The veal test is the effort vou lianve
to spend when vou're scttled down com
fortablv. That's when vou are apt to find
it too much trouble to pull vonrselt up i
order o adinst volume or seleet a new
progriim,

It vor'd like to combine the tone and
quality of vour console with the portability
of a idger that von can ahvavs keep at
vour clhow, here’s o perfect ansswer. Its a
little box  that can he carried  anvwhere

\n experimental Livour will Lelp von deter-
wine the hest arrangement of parts. It's a good
way to achieve compactness without crowding.
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aronnd the room. Yon can place it on an
end table or on the anm of o chair and let
it reach out to mastermind vonr radio dial.
One ot its two knobs serves to tune in any
station in the broadcast band: the other
adjnsts volume and tins the remote taner
on and ofl.

Ihe unii mizht be deseribed as o little
less than hal o radio—a two-tube superhet
that stops short ar the  intermediate-tre-
quency stage. Instead of being set to the
usital 436 ke the JF  transtormers  are
moved up taaronnd 330 ke, The tuner then
converts any incoming radio signal to this
brequency and broadeasts it across the room.
Like a reluv runner, the regnlar radio tukes

Punch and drvill all holes belore assemibly. An
clectric vibrating too] easily marks a crackle
finish. and lets von identifv tube sockels.

)



over at this point. When its dial is set to
the same frequency as the tuner’s 1F’s (say
550 ke.) it will pick up whatever program
is being rudiated by the little box,

Being halt a radio, the tuner has half as
niny compouents as a comparable small
set. Two 7-pin miniature tubes plus a dry-
disk sclenium rectifier do the electronic
work. The tubes are a 6BEG oscillator and
first detector, and a 6BAG 1IF amplifier,

For portability and geueral convenience
it is desirable to keep the tuner reasonablhy
compact. In assembling the timer shown,
the topside parts were wranged on a 15”7 by
457 by 8” chassis, oceupying a width of
34”7, After all holes were drilled and
punched, the extra 157 of chassis width was
hacksawed oft,

Once the major parts are mounted you
are ready to start wiring. The AC line cord
is brought in under the chassis and held
down with a cable clamp. The two wires
from this cord are soldered to a two-lug
terminal strip. One side of the power line
is grounded to the chassis through SPST
switch S1.  (Caution: This makes the
chassis “hot”; don't let it come in contact
with an external ground and don’t touch it
when the power is on.)

One side of each of the transformer wind-
ings is also grounded. The ungronnded side
of the secondary—6.3-volt—winding goes to
pin 3 on both tube sockets. Both pins 4 are
then soldered to a chassis terminal to com-
plete the heater connections.

The negative side of the seleninm recti-
fier is wired to the ungrounded side of the
1153-volt primary winding of TI. Polarity
is important here. The positive side of the
rectifier goes to the filter circuit through R6.

To save space. a strip 117 wide was hacksiwed
from the standard 1%” by 4% by 8” chassis. This
was done after layout, drilling, and punching,

Most manulacturers mark this side with a
red dot or a plus sign.

It you'll recall what was said carlier about
resetting the 11 transtormers, vou will see
why it is necessary to tuke special pains in
the selection and use of these transformers.
Most commercial units are limited in range
to from 400 to 500 kc., and these are no
good at all here. What's needed is a pair
of wide-range 1F’s that are tunable to about
600 ke, The bottom limit will probably be
about 380 ke., but this is less unportant,
Be sure to mention these frequencies when
ordering the transtormers, and also add the
specification “iron core.”

An old file cabinet measuring 4%” by
6%” by 8%” scrves to house the tuner. The
hinged side becomes the front and an open-
ing is cut in the back to allow tree ventila-
tion for the tubes. This hole is concealed
by the loop antenna, which is mounted on
the back of the box with %7 brass spacers
and 1”7 machine screws, A cover or protec-
tive hacking for the loop may he made from
any thin, nonmctallic sheet.

The opening in the back of the cabinet
is also used to bring out the line cord and
a 25" hank of wire that serves as the trans-
mitting antenna (the loop is the receiving
aerial). Fasten these leads with a cable
clamp to keep them from pushing out on
the loop. The transmitter antenna is tossed
out on the floor when the tuner is in use.

Adjusting the tuner is not difficult but it
takes a little patience. Iivst turn on your
radio and set the dial to a quiet spot

around 550 ke. Put the tuner antenna (the
transmitter hank) close to that of the re-
ceiver but without making direct contact.
Now start raising the frequency of the IF

= -
3: ’?sg‘“ 1&4
: - 3

The stubby shaft on the two-gang tuning con-,
denser used in this set didn’t clear the panel,
so a shaft extension was attached as shown.

JiK



Try to follow this arrangement of the major components for hort leads and easy wiring.

transformers from their preset value of
about 456 ke. to about 550 ke. Do this by
decreasing the capacity of the trimmers—
turning them counterclockwise—a little at
a time. Adjust all four trimmers more or
less simultaneously by taking a half turn
on each one and then going on to the next.
While you are doing this, keep rocking the
dial of the remote tuner so that the plates
of the variahle condenser are moving from
about half mesh to fully open (the upper
half of the hroadcast band). Continue the
adjustments until the tuner begins to pull
in stations on the radio. The first sign of
success may be u squeal or a whistl

Once vou've reached this point, make
careful adjustinents on the trimmers until
stations come in with maximum volume.
Align the trimmers on the tuning condenser
chiefly on the oscillator section) until a
station around the middle of the broadcast
band (850-900 kec.) comes in near the mid
dle of the remote-tuner dial. Now make a
final check to be sure that the highest local
station can still be brought in.

You'll probablv find that the tuner com-
presses the broadcast band from 10 to 30
percent—that is it will cover the entire

24

band while traveling only 70 to 90 percent
of its full sweep. The reason for this is that
the oscillator is still working at a lower fre-
quency than the IF’s. You will therefore
have to log stations a little bit differently
on the tuner dial, but their relative posi-
tions should remain about the same. If you
should happen to be using an adjustable
oscillator coil—which was not done in the
unit shown—you may be able to raise the
coil frequency by changing the position of
the iron core. This should somewhat reduce
the compression of the tuning range.

Pt

—\

Here the tuner mounted in the

has been
filing box. Note the large ventilating hole at rear.



Bottom view of the completed chassis. It’s “*hot,” so see that it isn’t externally grounded.

LIST OF PARTS

R1: 10.000-ohm, !5-watt carbon C2: .0005-mf{d. mica. L1: Loop antenna.

R2: 22.000-ohm. 'i-watt carbon C3: .05-mfd.. 400-volt paper. L2: Tapped oscillator coll.

R3: 330-ohm. !;-watt carbon C4: 50-mmti. ceramic. IF1. IF3: Input and output wlde-

R4: 15.000-ohm potentiometer v 5: 30-mfd.. 150-volt dry electrolytic. range (380-600 kc.) iron-core IF
switch (S1). >6: 40-mfd.. 150-volt dry ransformers

R5: 2.200-ohm. 2-watt carbon evlectrolytic. SR: 100-ma. selenium rectifier.

R6: 51-ochm. l-watt carbon. 1: SPST rotary switch on R4. Miniature tubes and sockets. 25
1. A. B: 2-gang. variable c¢on "1: Fllament trans. with 6.3-volt hank of antenna wire, tuning dial.
denser with cut-plate osc. section econdary chassis, cabinet, misc. hardware.

Cq
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Pillow Phone Mutes Late Music

IF vou like to let that last musical night-
cap rock you off to slecp like one of mother’s
tullabies, try this way of doing your mid-
night listening. 1t's as comfortable for you
as it is for the other members of the tamily
who have already succumbed to the sand-
man. A suitable pillow can be made with
tightlv packed cotton.  Wire any good-
quality headphone to the output of vour
radio as shown, und stitch the phone into a
depression formed in the pillow. When used
with large consoles, the headphone should
come off the second detector instead of the
last audio stage.—\W. E. Daxseaaxn.

HEADPHONE UNIT

%

PILLOW STUFFED
WITH COTTON

QUTPUT TUBE

Reinforcements Stop Record Slipping

Stacken phonograph
records  sometimes  skid
over the records under
neath, resulting in musical
distortion. One frequently
clieetive method of pre-
venting this slippayve con-
sists of cummine three or
four loose-leat  reinforce-
ments on each record to
increase the  triction be-
tween the disks.—G. O. S.

Concealed Antenna

Suort antentias need not
consist of wires dangled out
the window or bunched up
behind the furiture. Screws
driven into the hottom ot
the radio cabinet diagonally
from each corner make con-
venient pegs tor antenna
wire as shown at the left.—
Rosenrt H. DaLTON,
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TOVOICE
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~ TRANSr ORMER

DPDT SWITCH ‘—}
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TOHONE
= |

1

A
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UTPUT

Doorstop Pegs Radio

Whis vou stand a radio on
end for servieing, slip a
wedge-shaped  doorstop un-
der some solid part to keep
the weight of the set oft tubes
and coils and prevent  the
chassis from tipping. Flexible
stops ol the tvpe illustrated
below can be purchased at
hardware, novelty or dime
stores.—I1 LEEpEnR.




Bring your radio up to date

by giving it

eye-sharp tuning plus freedom from blasting. Here’s how for most receivers.

By Williamm Norton

HARSH background noises that come
through when a radio dial isn’t prop-
erlv set won't spoil vour listening if you
tune bv eve. Sounds may fool the ear, but
there’s no deceiving an electron-ray indica-
tor tube. When the eye squints down to its
narrowest angle, you know vou’re on the
beam.

Perhaps vou already enjoy the advantages
of eye tuning in vour living-room console.
Its easier than vou think to add the same
feature to those extra sets in the kitchen,
bedroom, and workshop. The two main ex-
ceptions are midget TRF receivers and some

pre-1930 radios emploving triode RF am-
plifiers. In the former case there is usually
not sufficient gain to operate the indicator,
while the neutralizing circuits of the latter
do not lend themselves to diode detection
and AVC. If vour radio is not much over
ten vears old, the chances are that it will
be a relatively simple matter to add the eye.
On some older sets it will first be necessary
to switch over to a diode detector before an
eve can be made to operate. This procedure
will be described below,

Note the words diode detection and AVC.
They are the key to the whole job. Auto-
matic volume control-AVC—consists of a
condenser-resistor network connecting the
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An opening for the indicator tube is made with
an expansive bit. For the 6AL7-GT it should

be %”; most other tubes ueed a 1 3/16” hole.

various grid-return leads of each RF or IF
stage with the diode detector. The voltage
developed :cross this network controls the
deflection of the indicator eve.

How can vou tell whether vour set has
AVC? Sets that don’t have it are usually
guilty of “blasting”—a sudden increase in
volume as you tune from a weak station to
a strong one. The reverse is also true, of
course. and vou’ll be able to tell these older
receivers by the fact that they require con
stant adjustment of the volume. To make
doubly sure, tune in a local station and listen
for background noise when the station is si-
lent for a moment. Now turn off the station.
Sets that have AVC generally show an in-

7C6,12Q7,
: TO AUDIQ,
6Q7,75 . STAGE
1F TRANSFORME| \papeR

AV % AAAL
VOLUME
- ' PAPER
e ORNARY % CONDENSER
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Paint the inside of the opening black to give
greatest definition to the tube pattern. The

decorative bezel (foreground) goes on last.

crease in backgronnd noise when the pointer
is set between stations.

Take a look, alse, at the tuble on page
221. If your detector tube is listed in Col. 1,
the set probably has AVC. If you find it in
Col. 2 instead, the answer is no.

Let’s assume for the moment that we're
dealing with one of the more madern sets.
It may be un AC-DC midget or a straight
AC job. It it is a midget, make sure it is
also a superhet. [t isn’t advisable to try the
conversion on AC-DC TRF’s.

Now find your detector tube in Col. 1 of
the table mentioned above and read straight
across to the last column to find a suitable
indicator tube. For some of these tubes the

CATHODE RESISTOR 3 2
(SEE TEXT) \ ,A‘E\
g
3,300 OH / 250 VOLTS
200D v’“ SAL7-GT (oR 100 VOLTS
~SEE TEXT)
2ES,6ES, 24 4 '
SABS/6NS, 1 MEG. |
3 3 C;J—I&__) A
i | (SEE TEXT)
oo 100-250 VOLTS
\ MICA o 46




An indicator-eve assembly consists of a wired
socket and mounting hardware. The L-bracket
was used here instead o save cubinet space.

reccommended plate potential is 230 volts,
but they will still glow—less brightly, to be
sure—on the 110 volts availuble trom the
average AC-DC circuit.

The necessarv parts for a tuning-eve as-
sembly are generally sold in kit form. Those
marketed bv Amphenol  come with addi-
tional information and circuit data. Use
the 6-prong MEAG for a 2E5, GE3, or
GAB5/6N5; kit MEAS will be neceded for
the 8-prong 6ALT-GT.

The new 6ALY-GT can be used wherever
the older GAB3/6XN3 is called for. In midget
cabinets the smuller size of the new tube
may prove a real convenience. Should vou
wish to use it, the first step will be to re-
move the socket shield and solder together
pins 4. 5. and 6. The reason for this is that
the tube was engineered as an FM indicator
and the deflection plates must he tied to-
agether when it’s used on AM. Unlike most
other indicators, the 6AL7-GT shows a flat
hand of light on its translucent screen. The
hand is at minimnm width when a station is
tuned in.

Only six of the cight prongs on the as-
semblv socket are wired, and these mayv not
be the right ones for the BAL7-GT. If vou
find this to be the case. remove the extra
lead from pin 4 or 5 and solder it to pin 1.
Note the color coding of the remaining leads
before replacing the socket cover.

Wire the socket into the set as shown at
the bottom of page 218. \When working on

%

Solder the six leads as shown in the diagrams
on the facing page. This 1942 AC-DC superhet
already had AVC and diode detection.

an AC-DC receiver it will be necessarv to
open the series-filament string at some con-
venient point and wire the black leads from
the tuning-cve socket in series with the
others. On an AC set the heaters are put
in parallel.

The two schematics shown at the right-
hand side of the diagram should apply to
most receivers, but it would be well to study
vour receiver for any possible variation in
the AVC circuit. For example, should the
eve fail to operate when connected to the
hot side of the volume control, it mav he
necessary to trv other points in the detector
circuit such as the black or AVC lead of the
output IF transtormer.

On AC-DC sets vou'll need all the voltage
vou can get, so run the lead from pin 3 to
the cathode (usuallv pin 8) of the rectifie
tube. Where higher voltages are available
as on AC sets— this lcad may be wired to the
output of the power filter. Best place to lo-
cate this is at the screen grid (usually pin 4
of the power output tube.

Unless the receiver uses a floating ground
the grid lead of the BALY-GT (pin 1) will
be connected to the chassis. However, when
the chassis is not grounded, make this con-
nection to the cathode of the detector tube.
The cathode of the 6AL7-GT (pin 8) will be
anchored to the same point if the set has
plate voltage of 125 volts or less—i.e., if it is
an AC-DC receiver. For sets of higher volt
age. use a 3.300-ohm cathode resistor and
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B I i A, M
NEW Y1 -MEG. VOLUME CONTROK

This l‘)i] model. 2-stuge, IHF receiver first Bottom view ol the converted receiver. Note
had to be altered for AVC and diode detection position of the 253 indicator and new volume
before a tuning eye could be made te operate.  control. The old control is left at maximum.

RIVET(S)._ :“NEW SOCKET
MACHINE -ALUMINUM
SCREW \‘ SUPPORT

omit the dircet connection to ground (the
lead marked X in the upper-right diagram on
page 218).

Pins 2 and 4 of the 2E35, 6E3, or
6AB5/6N5 must be connected thiough
I-meg. resistor (murked A in the lower

- right-hand diagram, page 218). If you use
The new 216 diode-triode detector replaces the @ kit vou may find this resistor already in-
24A. Its socket goes on top of the old one. cluded in the socket.

i rer-aiy S—
L 2
gty |
] '°3|:A7F 244 2 cap {—
ANT. RF DETECTOR] 3 == JCAP
coIL coiL STAGE =

8+
: V°LTS / SHIELDED
) Yoorwro. 1
. - MicA a =
05-MFD. o= ELOED @
.05-MFD. <
PAPER o=

——PRESENT CONNECTIONS
LEADS FROM NEW TUBE
SOCKET

e VEW WIRING FOR AVC AND

DIODE DETECTION

== CONNECTIONS FROM TUNING-

.05-MFD.

APER CODE
I-BLACK
2-RED
3- YELLOW

+150 VOLTS 4-BLUE

EYE SOCKET = [ S5-GREEN
TTTTBREAK OLD CONNECTIONS 500-MMF. 2 MEG. VOLUME  TUNING-EYE
AS SHOWN MICA ; CONTROL TuBE
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Fewer than a dozen wired connections
are needed to add an eve to a set that has
AVC. But what about the other ones? Here
the job is slightly more complex, but it is
even more worth while in terms of improved
performance. Adding a diode detector and
tuning eve should reap dividends in im-
proving tone gnality as well as ending blast-
ing and off-station tuning.

The converted set shown here is an an-
tique (1931), two-stage TRF receiver. It
used a 24A for a detector, und this first had
to be veplaced with a 2A6 diode-triode. A
new 6-prong socket was pliaced on top of the
old 5-prong one by means of a flanged alumi-
num support. Wood or metal spacers about
1” long could have been used instead. Five
wire leads, cach 67 to 8” long, are soldered
to the contacts on the new socket (pins 3
and 4 are joined and require only one lead).
These are pushed down through the holes in
the old socket und wired into the circuit as
shown by the light red lines in the diagram.

Unsolder the clip from the old grid lead
and pull the wire through the shielding can
to the underside of the chassis. Bolt threc
or four fiber mounting strips to the chassis
to serve as tie points for the new wiring and
add the extra resistors, condensers, and vol-
ume control as shown. The new grid lead
must be shielded: this ean be done by using
braided wire or by bringing it up through
the shicld can of the detector coil. Color
coding for the tuning-cve socket refers to
the MEAG assemblv as used with the 2E5
tube. The grounded lead, 1, is the cathode;
2 is the B-plus lead from prongs 2 and 4
which eombines the target. plate, and rav-
control electrode; 3 is the grid connection,
and 4 and 3 supply current for the heaters.

With three or more shield cans on top of
i TRFE chassis vou may have some trouble

T-TARGET
OF:DEFLECTION
PLATE
K=CATHODE
In: weaTer
G=GRID NO.
S:SHIELD
P=PLATE

SC=SCREEN GRID
(GRID NO2)
PD=DIODE PLATE

RC: RAY-CONTROL
ELECTRODE

SUP = SUPPRESSOR
GRID(GRID NO.3)

NC= NO CONNECTION

2E56E5,6ABS/BNS

6AL7-GT

1C: INTERNAL CONN.

Recoiven Bocaivers e
il il vl EENITR BT TS
detectors detectors Column 2 heoter CoreEy indieatos
probably do not have | With these veltage {amps.) tube
hove AVC AVC dioder
246 25 08 25
607 6.3 0.3 [13]
8507 €3 | 03 8Es
106 10 015 6ABS/6NS*
1207 126 | 015 | 6A8S/6NS" |
12507 12.6 1 0.1% 6ABS/6NS *
SN SR LS LA
55 25 | 10 25
15 63 | 03 | eBs
24A 246 | 25 08 285
66,77 688 63 03 6ES
(31 6507 6.3 03 [133
57 206 2.5 1.0 2E5

*The new 8ALT-GT con be vied in place of the 8ABS/ONS

For convenience the base connections (hottom
view) of most detector tubes are shown above.

identifying the various coils. The job isn’t
made any easier by the fact that the same
tetrode was often used in the first and sec-
ond RF stages as well as the detector. This
set, tor example, had three 24A's.

Some tracing is therefore necessarv. Life
will be made simpler if vou can find a cir-
cuit diagram of the set, but it isn’t impera-
tive. To find the antenna coil trace the an-
tenna lead-in wire under the chassis. It will
probably go—cither directlv or through a
volume control—to one section of a ganged
timing condenser. A wire connects this con-
denser section to the antenna coil, and this
coil is linked to the grid cap of the first
RE tube.

The second section of the gunged tuning
condenser will most likely be joined to the
second RF tube in the sume manner. That
leaves only the detector stage to account for.
This may be turther checked by looking for
1 fixed resistor and condenser (in parallel)
from the cathode of this tube to ground.
‘The detector tube is also coupled throngh a
condenser to the first audio tube, which will
in all likelihood Dhe of a diflerent style—tvpe
27 or a similar tube.
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This complete miniatwe broadcasting statio
will fit comfortably ir the palm of your hand.

The cartridge from a crystal mike, with the
rubber cushion left on. is set into the panel.

Wiring shouldn®t he difficult. Just don’t let
it spreasd out. Batieries fit under the chassis.
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Wireless Mike
Puts You
on the Air

ALK into this tiny handful of radio

transmitter, and your voice will come
out of the nearest raudio. It can be tuned
to any quiet spot near the high end of the
band. When held a few feet away from a
receiver, this wireless mierophone works
without an antenna. For greater distance
a hank of wire is needed to radiate the
signal. It you arrange it right, your party
guests don't even have to know that the
voice-and-music program that’s coming over
your radio originates in the next room.

The complete miniature broadcasting sta-
tion, including butteries, is housed in a
tapered plastic refrigerator box measuring
27 deep and 4”7 sqare across the front. On
the lid of the bhox, which becomes the front
panel, are mounted the crystal unit taken
from un inexpensive microphone, an on-oft
switch, a closed-circuit phono jack, an an-
tenna binding post, and a ceramic trimmer.
The latter is used to tune to the best fre-
queney between about 1,200 and 1,600 ke.
A chassis cut from 1/16” aluminum to the
size and shape shown in the drawing holds
the remainder of the parts. It is bolted to
the back of the same panel.

There is nothing difficult about the wir-
ing, but this is a miniature circuit and calls
for a little extra care to keep the parts from
getting in their own way. Use tiny resistors
—the %-watt type is husky enough—and the
smallest paper and mica condensers.

For the A Latterv, a dashlight cell inter-
mediate in size between the regular and pen-
light (type C) is used. It meusures just un-
der 27 long and so can be clipped into place
between the rear leg of the chassis (which
acts as the negative terminal) and a sep-
arate tab of aluminum bolted to the front
panel. The B-voliage supply is obtained



from two 22k-volt hearing-aid Dbatteries
wired in series. Taped together, these fit

the space alongside the A cell. A 45-) 67%-,
or Y0-volt B battery could be used for great-
er economy and increased ontput but it will
not fit inside the case. By clipping rather
than soldering the B-supply leads, you can
easily arrange to switch from the miniature
to the Larger hutteries. depending upon the
conditions ot usc.

As can be seen in the bottom-view photo
at the lower left on the tacing page, two ter-
minal strips are used as meeting points for
some of the connecting wires. By bolting
these to the chassis as shown-—opposite each
other and at the same height—thev can be
made into a convenient shelf or ledge for
the B batterics.

Since the output of a crystal pickup is
considerably greater than that of a micro-
phone, only one stage of amplification is
used to broadcast records. The pickup juck
by-passes the mike preamplifier (1U4 or
1T4) and is coupled directly to the grid of
the oscillator-RF  amplifier tube (1R3)
through a .005-mfd. condenser (C2). As a
precaution against overloading  this tube,
reduce the output of the pickup by wiring

=

The plastic cover (removed in this view) is
held to the chassis by the protruding screw.

mica or ceramic condenser (C6)
with the “hot” lead ftrom the

a 30-mmf.
in series
pickup.

A slightlv more eluborate circuit, hut one
that may give greater fidelity, is shown in in-
set “A” of the wiring diagram. With this
setup voluine can he controlled at the phono-
graph, while with the simpler one it is done
at the set.—Albert Rowley, Manhattan, N. Y.

LIST OF PARTS
Rl: 3.3-meg. -watt carbon. C2: .0054nfd., 200-volt paper. $1: DPST slide-lever switch,
R2: 2.2.mey.. '-watt carbon C} 0001 -mfd. mica. T closed-cirenit phone jack.
R3: 820.000-0ohm. 'i-watt carbon. C4: 75-225 mmf. ceramic Two 227 cvolt Learing-aid batter-

R4: l-meg.. 'i-watl carbon. trimmer.

R5: 150,000-chm, Yi-watt carbon.

CB: 50-minf. ceramic or micir.

s, one size Hashlight cell
tubes and sockets. crvstal-mike

R6: 75.000-ohm. 'i-watt carbon. C7: .001-mmfd. ceramic or mica. cartridie or lapel mike. ph(}no
7: Vo-meg. volume control. L1: 456-ke. adjustable iron-ccre ichup, 237 hank ant. wire,
C1l: .02-mfd., 200-volt paper. osc. coil. misc. hardware.

CRYSTAL MlCROPHONE

ANTENNA
-

_PLASTIC GOVER
TO SWITCH

A e A-CONTACT
A BATTERY GCLIP
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bettme Bio-Set Quality
rom a Mideef ...

A speaker cubinet helps vou get full console
sound quality from the modified midget on top.

RO
(RED) (eaucx)

1. Loading the secondary of an IF transformer
with a resistor helps to broaden its response.

24

IKE the legendary cobbler whose children
went without shoes, I'm a radio engincer
who has never owned a good receiver. A
tew months ago | grew tired of listening to
the tinny squawks that came out of my little
AC-DC midget, and decided that 1 wunted
something better. That could have meant
an investment of a couple of hundred dol-
lars in a high-fidelity console or the expendi-
ture of a lot of time—and money—in building
au equivalent set from scrateh.

I decided against both courses. Instead 1
modified my small sct tor better reception.
Since then I have made similar changes in
several other superhet midgets, alwayvs with
remarkable improvement in tone. Deep bass
notes which had been ulinost inaudible can
now he heard in correct balance; high flute
and triangle sounds come alive during svin-
phonic broadceasts; and the entire response
is smoother and has no harsh peaks.

Feeling that 1 could work better if 1 at-
tacked the problem systematically, I broke
the receiver into tour sections. Ignoring the
RF stage in each case, 1 began with the IF.
The objective here is to increase the band-
pass  characteristics of the intermnediate-
frequency transformers and thus bring up
the high-frequencey response. There are at
least three approaches to this, and which one
vou choose is a matter of convenience and
cost:

1. Replace the IF transformers in the set
with a pair of broad-band units. These may
be purchased for about $3.

2. Load the secondary windings of hoth
transformers with  30,000-0hm, ¥-watt re-
sistors. These are connected from the grid
to ground or AV'C terminals as shown in
Fig. 1.

3. It it is convenient to open the IF cans,
move the windings about %” closer together,
as illustrated in Fig. 2. This increases the



coupling and brouadens the resonance peak.
Take great pains not to damage the delicate
wires. Heating the coil to sotten the wax
coating makes it casier and less hazardous
to move the windings.

The next portion of the set to consider is
the audio amplifier. Because manufacturers
are anxious to keep hum level low, they
usually use low values of coupling con-
densers in midget sets. These, in turn, limit
the low-frequency response ol the audio
section. [ substituted .05-mfd. coupling
condensers in this section. A typical position
for one ot these capacitors is diagrammed in
Fig. 3. In sets using single pentode or beam-
power output tubes, an R-C (resistance-ca-
pacitance) filter can be used to advantage
to smooth the high-frequency end. A re-
sistor and condenser in series are connected
across the primary of the output transtormer
(Fig. 4). This puts a more constant load on
the output tube in the middle and upper
frequencies, and thus improves the response.
The resistor should be 1.3 times the value of
the output tube’s rated load resistance. You
can check this figure by looking up vour
particular tube in o tube manual. The con-
denser may vary from .03 to | mid.

The third section to be attended to is the
speaker system. Most midgets have 4”7 to 67
speakers that can’t do much in the way of
bringing out low notes but which can be
used as tweeters or high-frequency repro-
ducers. By purchasing a 127 speaker and
connecting it in parallel with the one in the
set, 1 had an elfective wooter-tweeter com-
bination. There are many more elaborate

2. The original I coil (left, can removed)
can be modificd by moving the windings closer.

48T
AUDID

3. Bass is increased by changing the coupling
condensers to .05 mfd. in the audio section.

(SEE TEXT]

LINE TO SP'KRS

4. An R-C filter shunted across the primary of
the output transformer smooths the response.

12°PM
SPEAKER

LINE TO SET

SMALLER SPEAKER
FROM SET

Use the original speaker as a tweeter and
add a 127 wooter. A condenser divides the two.

TWEETER MAY BE

L

2

INSERT BRACE
HERE

6. A hass-reflex cabinet for a 127 speaker may
be made to these dimensions. Use 4 plywood.
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7. A commercial sreaker cabinet seen from the
rear. Set and small speaker are used near it.

divider networks and speaker systems pos-
sible (one is described on page 190) but
for my setup I found it sufficient to insert a
single .05-mfd. condenser as shown in Fig. 5
to keep low frequencies from getting through
to the tweeter.

Cost is an important factor in the next
decision. I purchased a bass-reflex cabinet
to house my new 12” speaker. You can do
likewise, or build one to the measurements
shown in Fig. 6. There are decided advan-
tages to such a cabinet, since it gives ex-
tended Dbass reproduction without the an-
noyving booming often encountered in other
types of ballle. But also bear in mind that
there are some very good sets that do not
use speaker cabinets.

The tweeter may be mounted inside the
speaker cabinet at approximately the point

N
REPLACE RESISTOR
/ WITH CHOKE

8. Hum level is raised by some of the changes,
so a new choke is inserted in the filter circuit.

shown in the drawing, or it may be left in
the original cabinet if the two units are go-
ing to be kept fairly close together during
operation (Fig. 7). Bass-reflex cabinets must
be thoroughly enclosed on all sides. To
prevent the back from rattling due to sound
pressure inside the box, attach a sturdy brace
to front and back as indicated by the dotted
lines in Fig. 6. Line the cabinet with cotton
batting or other sound-absorbing material.

Having completed the modification of the
signal circuits, I found that I had worked
myself into an additional job. By bringing
up low-frequency response, 1 had also
brought up the AC hum, which is in the
same portion of the spectrum. In some sets
I worked on, this was curable by the addi-
tion of extra filtering capacitors, but in most
cases a small choke proved more useful.
Remove the filter resistor (usually a 1,000-
ohm, 2-watt unit) connected between the
two positive terminals of the dual electro-
lvtic, and replace it with a filter choke rated
from 8 to 16 henries and 400 to 600 ohms.
The higher the inductance the more thor-
ough the hum filtering. If some hum re-
mains, add a 20-mfd. electrolytic—rated at
150 volts or up—as shown by the broken
lines in Fig. 8. END

-

.“ "‘ ’
. i .0S-MFD. COUPLING CONDENSER (FIG.3) =

A typical superhet midget looks like this. Some of the modificalions are shown by arrows.

226



-7 >

In a test setup, the preamplifier is used with
an ordinary AC-DC radio. The better the am-
plifier and speuaker, the better the results.

The tone arm has been fitted with a GE re-
luctance cartridge. This pickup needs frequency
equalization as well as preamplification.

Preamplifier Serves Mike
or Magnetic Pickup

VEN a little radio or amplifier can do

more jobs than vou usually give it credit
for. If its tone is good—that is, if its loud.
speaker and output stages are up to snuft
it ean be used as an audio amplifier for
microphoue or phono pickup.

The one or two audio stages in a sinall
set, however, frequently aren’t enough to
get comfortable volume. They are also uu-
suitable for the new magnetic or reluctance
pickups. Magnetic reproducers have excel-
lent fidelity and they cut noise to the hone,
but for this thev sacrifice power. To use
one, therefore, vou have to give it a boost.
Also, its frequency-response characteristics
aren’t suited to commercial recordings. It
must be equalized as well as preamplified.

Mavbe that sounds like a lot, but vou can
get it all with one tube and a tew resistors
and condensers.  The little  unit  shown
above and on the next page is truly uni-
versal in its performance. For a mike or
ervstal pickup, it gives all the preamplifica-
tion vou need; with a magnetic pickap it
gives this plus proper equalization. For the
latter feature alone it can be used even with
a high-powered amplifier.

Universality is achieved in still unother
way, for it is designed to operate with
either of two tubes, depending on the re-

quirement of the radio or amplifier with
which it is to be combined. Use the 6SC7
with practically all AC radios and wnpli-
fiers. It will also suit AC-DC receivers us-
ing tubes with filament ratings of 3 amp.
such us 6D6 or 6K7. Most of the newer
AC-DC sets use .13-amp. heater-current
tubes (e.g. 125K7, 12K7 and 12BAG) and
call for the 12SC7 in the preamp cireuit,
Generully the extra tube won’t underpower
the filaments.

If the preamplifier is coupled with an
AC-DC receiver, break one of the series
filunent connections in the set, und insert
the two heater leads so that they form part
of the series cireuit. With AC amplifiers or
receivers, the heaters are i parallel and
the appropriate leads on this unit can be
connected to the hicater terminals on any
one of the other tube sockets. These are
usually pins 2 and 7, but it is worth while
to check your tubes with @ manual,

The third lead ftrom the preunplifier
must be tapped into the B-plus line ot the
radio at some point. In small sets this is
most convenient to find at the screen-grid
pin of the output tube.

Manv receivers aund all amplifiers have
jacks or terminal lugs tor the phono input.
Connect the two output leads to this jack;
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OUTPUT TO AUDIO

INPUT FROM 6SGC7 s AgIPLIFIER}
PICKUP 12 7 4 _
Rg ‘
2 :
6!
BV
(100 VOLTS)

. 63-12.6 VOLTS

All resistors Y-watt carbon,
R1: 6,800 ohms.
2. R3: 3.3 mew.

1 27.000 ohins.

volts

: 220,000 ohms.
R6. R7: 64.000 ohms.

C5. C6: 16-mid.,
R8: 180,000 ohms.

electrolvtic.

LIST OF PARTS

R9, R10: 33.000 ohms.
ANl paper tubular condensers 400

Cl, C4: .05-mtd. paper. In
C2, C3: .01-mitd. paper.

11, 12: phono jacks and tip plugs.
S1: DPST toggle.

Al ssis, 1147 by 29”
v 415" or equivalent; 68C7 or
12SC7 twin triode (see text);

150-volt diy octal socket, misc. hardware.

it your set doesn’t provide tor such a con-
nection, bring the lead from C4 to the “hot”
side of the volue control (the outside lug
that is not grounded) and connect the
shielded lead to the chassis of the radio. A
SPST switch in series with the ungrounded
lead will enable vou to cut out the preamp
when listening to the radio.

When using a magnetic pickup, switch
S1 should be on so that the unit acts as an
equalizer, For mike or crystal pickup, tum
the switch olf. In using a mike it is impor-

FM Dipole Hidden RBehind Sofa

SPLIT RIBBON
o On e EYE TO0WN CENTER \ 5
= . -
28 28 g
FRICTION/ | VAN
TabE i )
\ 300-0w Ay
iBBON A Y
N\ LEAD-IN f
T T X

Ir Errner vou or the landlord objects to
vour hanging an FM antenna on the roof,
this indoor rig may help vou get reception.
Antenna and lead in are of one-piece con-
struction, consisting of a length of 300-ohm
ribbon lead-in. Wrap a few turns of tape
around the wire 28” from one end and split
it down the center. Drive hooks or screw
eves into the frame of a davenport and
fasten the ends of the ribbon to them. The
other ends go to the antenna terminals on
the receiver,
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tant to maintain adequate separation be-
tween it and the amplifier and speaker. If
the mike and speuaker are too close together
vou will get u lot of teedback howl,

Inexpensive magnetic pickups are now
widely distributed. The one used here is a
GE cartridge. Solder a single conducter
shielded wire to either one of the terminals
and connect the shield to the other terminal.
The shield should be grounded to the pre-
awaplifier chassis.  Edward Blanton, Man-
hattan, N. Y.

Extra Loop Helps Small Radios

PorrasvrLes and
small radios that
many travelers take

along often meet their
match in stecl-girder
hotels and office
buildings. \Where ra-
dio reception is poor
due to location, an
extra length of wire may improve matters.
If it is attached to a loop antenna it reduces
directional sensitivity; also the extra length
gives a little more pickup, which may be
all the set needs to improve its reception.

Four suction cups used as pictiwed above
offer a convenient means of spreading out
the wire around a window. The cups come
with molded-in bolts or clips that allow the
antenna to be hooked on.—Arthur Trauffer,
Council Bluffs, lowa.




200

T

How Good Is Your

N TELEVISION it is no exaggeration to

say that the picture tells everything. And
the one picture that tells more than any
other is the test pattern used by all stations.
It is transmitted for some put of every
broadeast day as a service to sel owners,
technicians, and station engineers.

An elaborate form of test pattern—more
accurately known as a “Resolution Chart”
is shown above. It was designed by the
Radio Manufacturers Association to stand-
ardize resolution measurements—that is, the

NBC \

"

CHART 1946
TV Picture?

amount of detail that can be seen on the
sereen.

You'll recognize many elements of this
chart in the more common test pattern pic-
tured below. The basic structure of both is
made up of horizontal und vertical wedges
in which the lines get thicker as they tan
outward. Wedge lines in the pattern ave so
drawn that the lines and spaces tend to blur
it the picture is being improperly transmitted
or received. This gives you an immediate
visual check of vour recciver.

Another important clement in the test pat-
tern is the gradation of tones. In the reso-
lution chart, this is shown in squares rang-
ing from almost white to black; the simpler
form uses a series of concentric circles.

All patterns have some circular element.
These should appewr as true circles on the
receiving screen if the picture is to be free
of distortion.

By waiching these three clements on your
test pattern, you can tell how well vour pic-
ture is coming in. A poor picture often indi-
cates poor adjustinent ot controls.  The
photos on the next page show the more com-
mon misadjustment patterns.
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Height control s miisadjusted. Notice the  Widih control is set wrong here. The squashed
elongated circle showing that the picture is  appearance of the picture tells the story. This
stretched out vertically. The adjustment is one  control is also in back. Thev're put there be-
of the “fixed controls” at the back of set. cause they only have to be set once.

Vertical centering here just isn't centered. It  Horizontal centering, like the vertical, brings
woulkl be the same if the picture went off screen  the picture frame inside the limits of the mask.
at the top. This is also a rear control but is not ~ Misadjustment of this control could also push
made accessible on all types of receiver. the picture to the left. Usually a rear adjustment.
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SRR YU

Focus is important to a good picture. A clear  Sound bars break up a picture as shown. They
picture is obtained by sharpening the cathode- are particularly common on sets using the same
ray spot. Most sets have a variable focus ad-  intermediate-frequency circuit for sound and
justment. Sometimes it’s in front, often in back. picture. Fine-tuning adjustment clears it up.

230



Taking Care
of a TV Set

These basic servicing procedures you
can do yvourself will improve image
quality and prevent hreakdowns,

7 OUR television sct is a complicated ma-
chine, but that doesnt mean it has to be
a mysterious one.  The more vou know
about how it operates and why, the more
vou can save in needless service calls. Even
when there's nothing wronge with the set,
vou'll often find that a few carctul adjust-
ments will make it perform better than it
did betore.

This doesn't mean that vou ought to go
barging into the set’s inmards with a blow-
torch and electric drill. But so long us you
know what vou're doing and do it caretully
there's w good chance that von can raise the
television standards in vour honse.

If vou plan 1o do any work on vour set
at all, the first thing you should know s
how to handle the picture tube—especially it
it’s an all-glass tube. There's a high vacuum
inside the shelll and it anvthing damages
the glass, the tube is liable to shatter with
explosive torce. (\What happens is actually
an “implosion”. not an explosion, but the
flving glass tragments are just as dangerous
cither way.)

It doesn’t happen often, to be sure, but
tubes do blow up. So play it sate and
handle the tube with that possibility in mind.
That means, first, that vou ought to wear
shatterproot goggles and heavy dloves. |t
means, also, that von must always handle
the tube by the hulb—never by the neck. It
your set is so constructed that the tace of
the tube is not snpported when the chassis
is out ot the cabinet, make sure that the bulb
is propped np when voure doing ont-of-
cabinet servicing. One or two books will
support the tube face and keep the neck
from straining inside the deflection and foens
vokes.

The correet method of Tundling the tube
is shown above. There's one other impor-
tant point to consider. \When vou remove
a tube from a set. vou have to disconmect the
buse socket and the high-voltage lead. The
latter is a small plug, usnally enclosed in a
rubber cup. It is attached to the tnbe at the
lower part of the hulh. This lead carries




many thousands of volts when the set is on.
It may also carry a whopping voltage even
after the power is ofl.

Be sate! Belore you do anything with
the picture tube, disconnect this lead—
touching only the rubber part—and ground
the metal contact to the chassis.

The picture tube does un enormous
amount of work, but it is not the most over-
worked tube in the set. The horizontal
sweep tube that regulates the voltage used
to pull the electron beam across the face of
the picture tube has to do more work.

It’s not surprising, therefore, that this tuhe
gives out more frequently than most others.
\When this tube goes bad, the picture shrinks
to a sigle vertical line running up and
down the tube face.

A little foresight can keep vou from
missing out on an exciting program. Keep
a replacement for the horizontal sweep tube
on hand. Best way to find out which it is
in vour set is to consult the manufacturer’s
service manual. Usually it is a dual triode
or power pentode such as a 12SN7 or 6K6.

The antenna is another thing that de-
serves vour attention. It can cause trouble
at many points between the roof and the
picture. Ghosts or double images are pretty
sure indications of antenna trouble. In most
cases ghosts show up on one or two channels
onlv. The rest come in clearly.

A common variety of ghost is shown in
Fig. 2. It is actually caused by a subsidiary
image that reaches vour set a few micro-
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seconds (millionths of a second) after the
true image.

Ghosts are produced as shown in Fig. 3.
The signal from the transmitter goes in all
directions. Part of it goes straight to vour
set; another part first hits a building or
other object that reflects it toward vour ve-
ceiver. The second, or reflected image has
to travel further, and therefore arrives later.
Sometimes there are a number of reflecting
surfaces, and theretore a number of distinct,
displaced images.

For ghosts caused by this type of re-
flection, the practical cure is to reorient your
antenna. A more directional arrav mayv be
needed to cut out reflected signals coming
from an angle. Adding a reflector behind
the dipole sharpens the response ot the an-
tenna in the favored direction.

Ghosts, however, often creep in below
the antenna. The usual complaint of set
owners is that the signal doesn’t come in
strongly enough. There are cases, however
where the trouble is caused by too mmch
signal. One of the symptoms of this trouble
is a4 ghost image.

In the ordinarv tvpe of ghost, the weaker

" image is seen to the right of the true image.

But strong signal mayv cause a “leading”
ghost in which the false image is displiced
to the left.

This trouble sometimes occurs when the
set is located close to the transmitter and
has a long lead-in from the roof. If the RF
or detector cireuits of the receiver pick up



the signal directly, this false image will come
in ahead of the main one.

Aside from the left-hand displacement,
you can often tell a leading ghost from the
fact that the picture changes when someone
walks near the receiver. It vour set displays
this fault, check your transmission line to
make sure that the signal isn’t losing too
much strength coming down from the an-
tenna. A tairly sure cure, also, is to shield
the chassis with a grounded metal sheet.

Losses in the transmission line may be
due to many factors. The most prevalent
onc is mismatching. Proper matching be-
tween antenna, transmission line, and re-
ceiver is important if you want to transfer
all the energy possible from the antenna to
the set.

A simple dipole usually has a radiation
resistance of 72 ohms at the center. Your
receiver input is also designed with a cer-
tain characteristic impedance. It may be
30 ohms, 72 ohms, or 300 ohms. The
same is true of the transmission line. Co-
axial cable, flat-ribbon lead-in, or twisted
pair should be selected so that its im-
pedance will be as close as possible to both
set and antenna.

If your line is poorly muatched, there are
several things vou can do about it. First
try a simple matching transtormer made
from a few inches ol 130-ohm flat-ribbon
lead. Connect two lengths as shown in
Iig. 4. Try method A, and then method B.

Another device is shown in Fig. 5. Wrap
the foil from a cigarctte package around the
transmission line near the set. Sccure it with
a paper clip, and slide the wrapper slowly
away from the antenna terminals on the
receiver. Watch the picture carefully us
vou do so. At some point the picture will
probably brighten up it the line is badly
matched.  Leave the wrapper clipped at
the point of greatest improvement.

Some interference, such as that shown in
Fig. 6, is caused by “transmitters” that just
send out noise instead of pictures. Motors.
auto-ignition systems, and the like, are com-
mon offenders. The pattern illustrated is
caused by diathermy interference.

There’s very little vou can do about this
tvpe of interference if it is strong. Try
changing the orientation of the untenna. Or
if you are using an indoor antenna, switch
to a rooftop rig. A stronger signal often
helps to overcome the interfering one.

Noise signals, tortunately, are usually of
limited range. It may be, for example, that
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they do not reach clear up to the antenna
at all. Instead they mayv be picked up by
the transmission line at some point below
the roof. In cases like this a shielded coaxial
cable or twin lead will help. Shielded 300-
ohm line is shown in Fig. 7.

Deterioration of lead-in due to ageing,
moisture, dirt, and the like (especially in
salt-aiv localities)  may  cause a gradual
worsening ol reception. A weatherproot
type, shown in Fig. 8, is relatively immune
to the elements. Tryv it it vour reception
falls oft in bad weather.

In strong-signal arcas it is often possible
to do away with an outdoor antenna al-
together. It you nse an indoor dipole, you
may find it possible to inprove reception hy
adjusting the length and plane of the arms.
Usually indoor aeriuls of the tvpe pictured
in Fig. 9 are used with the arms arranged
svmmetricallv. This isn't alwavs the best
way.  Unequal arms may help clear up
ghosts. Correct rotation also makes a big
ditference.




Fifty hours, from carton to cabinet, was the

this set.

time for

building

I Assembled My Own
TV Set from a Kit

You don’t have to be an expert to wire
up a television kit, but knowing a little

about radio is a big help.

By Robert Gorman
'S photos by Hubert Luckett

IKE evervhody, 1 had been hearing about

<4 TV Kits. I've spoken to people who have
built them and asked lots of questions. Add-
ing up the auswers, it seemed to e that
one man’s experience cancelled out an-
other’s. “Anyone can wire up a kit,” suid
some. Others cautioned, “Don’t trv it unless
vou know some clectrons by their first
name.’

“How are the instructions? 1 asked.
“Thev’re a cinch,” I was told, “il vou're a
wraduate engineer with radar experience.”
But the other side also had its sav: “The
diagrams are clear. You can understand
them even if vou don’t know the difference
between a 1-meg. pot and a drip pan for
grid leaks.”

The only sure tact I had to go on was that
in every case that came to my attention the
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Kit builder was either an expert radioman, or
he had an expert standing at his elbow.

I'm no expert. I've built a couple of
simple receivers and phono amplifiers. 1
know how to read diagrams, and because 1
can count from one to eight I can distinguish
the prong connections on a tuhe socket.

I assembled a TV kit. It works fine.

When I decided to try TV kit building,
my first problem was to select the kit. Con
ceivably 1 could have made a study of the
different types on the market, but a com
parison of their fine points would have put
a strain on my technical knowledge. | had
heard good reports on the RCA 630 TS
receiver—a 30-tube job—so arbitrarily 1 fixed
on one of the kits embodving this circuit.
There are several such kits, so I had to be
arbitrary again. | picked the one that was
then the lowest in price wnd had the most
piurts mounted. It’s the RCA-tvpe kit
marketed by Latavette-Concord Radio. a
large mail-order supplier. Complete with
all tubes including a 107 picture tube, it
sold for $195.50. A cabinet to house it is
also available for $42.50.



Here's the kit uupacked from its cartons.
There are a lot of loose parts despite the fact
that all the major ones are mounted.

As I tumbled the parts and packages you
see in photo 1 out of the shipping cartons
I couldn’t help feeling how nice it would
be to torget the whole thing. That feeling
didn’t diminish when I unpacked the eight
or ten envelopes and got a look at the hun-
dreds of resistors, capacitors, and coils, plus
miscellaneous wires knobs, hardware, and
many mysterious parts. There’s no organiza-

—

o Jhaie

i,ﬁ,
¥ e

fe -

%fﬁ

R

DL

N

3. Organizing the items is a chore. [ marked
the value of each one on the diagram and taped
the parts down in order on separate sheets.

5. Chassis layouts in the service manual give
much useful information, including the function
and location of each of the 30 tubes.

2. Emptving the‘envelopes shown at the left
reveals this bewildering array. There are 108
resistors, 77 capacitors, and 11 coils.

tion of the components—they’re all there, but
separating the pieces and relating them to
the circuit is the builder’s job.

The instructions that are provided also
give a minimum of orientation. You get an
RCA service manual and couple of
mimeographed sheets of parts lists, cobor-
code information, and instructions for con-
necting the prewired tuner section. Mopst

1. Removing the tubes isn't necessary, but I
thought it was safer. ln the tuner each must
be marked for return to the identical soclet.

6. As an aid in wiring. [ marked the parts on
the underside of the chassis as well It was
helpful in locating termmals quickly.




7. Speakers are f{ragile. This one has four
leads which can be soldered, in at the very end.
I removed it for safety during the main job.
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9. The deflection yoke is held in a U-hracket
by two wing bolts. They have to be taken out
to complete internal wiring on the yoke.

important, there are six full-size pictorial
diagrams showing the mounted parts in
black and the wiring overprinted in red.
Each of these sheets has a different set of
connections, broken down for wiring con-
venience. Because of their size and the red
overprinting, they are easy to read and fol-
low. The RCA book has a good deal of

11. As a precaution against barning out the
high-voltage transformer should one tube go
bad, I wired in a No. 47 pilot light as a fuse.
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8. Do not remove is what it says, but I could
not complete the wiring in this crowded corner
without first unbolting the tuner.

10. Two resisiors, a condenser, and four wires
are soldered into the back of the yoke. Details
are furnished in a corner of the diagram.

additional information. I found a couple
of minor changes from the RCA diagram;
there are also one or two errors that had
been corrected in pencil on the sheets.

By way of getting started, my first step
was to arrange the small components accord-
ing to wiring sheets. The experienced man
may scoff at my system, but I found it help-
tul. I went through each diagram and the
parts lists, marking the value of each part
next to the code number printed in red. At
the same time I picked out that part and
taped it to a sheet of plain paper, marking
the code number alongside it (photo 3).
By first separating the resistors into piles
according to the first band of color, I was
able to pick out the proper one fairly quick-
ly. For example, if 1 was looking for a
6,800-ohm resistor, I had only to glance
through the pile containing those with blue
bands, meanwhile looking for a gray second
band, and so on. With the parts taped to
sheets, I didn’t have to hunt for a single
piece while doing the actual wiring.



12. The high-voltage recti-
fier is placed on an insulated
platform inside shielded
compartment. Remove the
platform to wire the socket.

To minimize the risk of Dbreakage in
handling the cumbersome chassis, 1 re
moved all the tubes. A band of transparent
tape over the number on the glass insured
against it rubbing off in handling. The {ront
end or tuner section, which comes coru-
pletely wired and aligned, uses three 6]6
miniatures. It's esseutial that each tube be
restored to its original socket. Photos 4 and
5 show how I marked each tube and socket
with precise identification.

With these preliminary details attended
to, I just had to buckle down to the serious
business of wiring the chassis and soldering
in a couple of hundred loose pieces. On
this subject, too, | had heard all sorts of con-
flicting reports. The best time estimate I
got was eight hours, but most of the people
who quoted this figure had it at second
hand. Reliably and at first hand I got ap-
proximately this time from two people—
both experts who had wired a number of
kits, One of them had a helper read off the
diagrams while he worked.

However fast others may be, I have to
report that my wiring time exceeded four
times the estimated eight hours. I'll tip my
hat twice to anyone who builds his first kit
alone, between sunup and sunup. There
are about 400 pigtail leads to solder on tl
loose components alone, and another couple
of hundred on the wiring and ground con
nections. Going strictly by the book, I tried
clinching every lead before soldering it.
That makes a big difference in time—the fast
radiomen I spoke to didn’t clinch the wires;
they merely pasted them to the lugs with
solder,

Incidentally, most of the lugs to which
connections are made in the early sheets
get additional leads in the later ones. On
tube sockets it is therefore advisable to make

13. Corona—a kind of
halo that occurs at high voltages—
is minimized by removing the un-
used rectifier-socket prongs. One
twist and they drop out.

14. After

mounling the
parts and soldering in the
corona ring, I dabbed the
terminals with cellulose ce-
ment for extra insulation.

electron

the inifial connections to the lower of the
two holes, saving the top one in case an-
other wire has to be brought to it. 1t’s also
important to keep leads as short as possible
in any high-frequency radio work. I aimed
at this but didu’t succeed too well, as you
can see in the close-up photos of my chassis.
\While we're on the subject of soldering, re-
member that rosin flux is conductive at high
frequencies. If you decide to build a TV
kit, use as little rosin as you can get away
with und wash off any excess with alcohol.
Rosin-core solder is okay; it eases the work

13. Wir ng took a long tie and was a tedious
job, Prolessionals will scoff at these long leads.
They shauld have been kept shorter.
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16. Checking for shorts is an important pre-
caution. Test from B-plus to ground, AC to
B-plus, and from both AC leads to ground.

s

18. Thc. ion tra

on the neck of the tube is
adjusted for brightness. Six other controls at
the back are also set to get the best picture.

and doesn’t contain enough paste to do
much harm. No shielded wire is needed in
the hookup. 1 started with a full-size 100-
watt soldering iron. Along about the middle,
as the chassis started to crowd up, 1
switched to a pencil-size iron and used it
almost exclusively in the tight corners.

The deflection voke through which the
neck of the picture tube passes has to be
removed from the top of the chassis. Two
wing holts are all that hold it. The back,
which is a cardboard cover, slips off so that
two resistors, a condenser, and four wires
may be soldered in.

Discussing the construction of this kit
with some men who know it well, 1 picked
up a couple of tips that may be worth pass-
ing along. Servicemen have encountered
some trouble with sets and kits of this tvpe
because the 6BG6-G horizontal-sweep out-
put tube sometimes hecomes defective and
starts to draw excessive current. Since the
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17. Danger! 9,000 volts of it! The anode cnf)
is the hot spot on top of the chassis. It holds
a charge long after the power is turned off.

19. Success! A lot of work and worry went
into assembling this kit, but that clear, sharp
test pattern made it all seem worth while.

plate of the tube is in scries with one
winding of the high-voltage transformer,
the extra current also flows through the
transformer. In most cases this results in a
burnt-out transformer—and an expensive re-
pair job. To reduce this hazard, 1 inserted
a No. 47 pilot light in series with the trans-
former lead to act as a fuse. Photo 11 shows
how 1 attached the bracket beneath the
chassis. The lead from terminal 1 on the
transformer to pin 6 (a dummy pin) on the
6K6-GT  horizontal  sweep oscillator s
opened and the lamp wired in. Excess
current burns out the bulb.

Another useful trick—although less gen-
erally known and applied—concerns the
mounting of the 1B3/8016 high-voltage rec-
tifier. This tube puts out better than 9,000
volts. As a rvesult, the socket connections
around the base are subject to a high-volt-
age discharge known as “corona.” One
method of minimizing corona is to remove



20. This isn’t miy set. I wish it were. not be-
cause it works better than mine but becanse I°d
be proud of the wiring. It was assembled by

the extra lngs from the bottom of the tube
socket. Only three of them are needed, so
the others can be twisted slightly and
pushed out through the top of the socket
{photo 13). The necessary parts and wires
are then soldered in, and the corona ring is
sweated into the two anchor points on the
mounting plate. Excess solder and rosin is
scraped out and the anchor lugs are coated
with cellulose cement.

When [ finally finished the wiring I had
to agree with the most enthusiastic ki
builders. s not hard. It was, tor me, a long
and tiring job, but it’s certuinly possible for
a semiskilled experimenter to get it done.

After checking the wiring carchully, I
made a couple of satety lests before plig-
ging in the set. To check for shorts you need
an ohmmcter (phioto 18) or a continuity
tester. The main points to test are B-plus
shorts  (touching one meter prod Lo the
chassis and the other lo two or three clec-
trolvtic-capacitor terminals), shorts trom AC
to ground, and from AC to B-plus. [f you
get no reading at these points, it is reason-
ably safe o plug in the set. It may not work,
but the c¢hances are that no serious tronb!
will result.

Handling the picture tube calls for spe-

Melvin Pollack. Lafayette’s chiel service engi-
neer. Note short. neatly dressed leads and com-
pact arangement of small parts.

cial precantions. Hold it only by the large
bulb, never by the neck, and don't try to
move the set while the tube is in. When
using the tube ont of a cabinet, prop a
medinma-size book mmder the tace end to
suppart the weight (in a cabinet it is held
by cushioned brackets). When thie set is
turned right side up and all the shields are
in place, the main danger spot is the second
anode cap (photo 17). There's over 9.000
volts there, so keep clear of it it vou valn
vourr health. Make sure the power is off when
handling the cap—but even that isn’t enough.
The high-voltage capacitors store o charge
and ¢in give von a jolt long atter the
switch is turned oft. After removing the cap
from the tube, hold it a Lialf inch from some
piece of grounded metal to draw a spark i
any energy remains. Bring it closer until it
touches the metal. Make suve that the cap
is either in the tabe or clear of any possible
ground when the power is on

The ion trap, being adjusted in photo 18.
and the six controls along the rear edge of
the chassis must he set for the hest image.
Once they are tuned for your antenna und
Jocation, nothing has to be done to them. Al
further tuning is done by the seven controls
in trout.
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Antennas for FM and Television

Signal strength may be good on the rooftops, but for good sound

and video reception you have 1o pull it in and get it dowustairs.

THE TWO most important parts of your
television picture are your antenna and
recciver—in that order.

Sure, there are differences in set design
and . construction.  Some are better than
others. But any modern set is capable of
putting together a good image. All it needs
is enough broadcast signal to work on. It’s
the job of the antenna to provide the signal.

Even it vou have a professionally installed
rig on vour root, it will pay vou to know a
tew basic facts about FM and TV antennas.
They will help you to add to or modifv vour
existing arrangement to improve vour set’s

For best resulis the half-wave dipole should
extend as high as possible above the building.
A simple dipole and coaxial-cable transmission
line is shown in Fig. 1. You can use other types
of low-loss feeders in place of coax. DiFoles are

directional; they favor signals coming from the

direction of blocked arrows.
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operation and bring in difficult stations.

Electromagnetic waves are basically al-
ternating currents that travel through space
at the uniform speed of 984,000,000 feet a
second. The thing that distinguishes them is
their frequency, or the rate at which they
alternate.

The distance that a wave travels in one
complete alternation—or cvele—is called its
wavelength. It follows that the more rapidly
a current alternates—that is, the higher the
frequency—the shorter its wavelength will be.

Now, the reason wavelengths are so im-
portant is simply this: as a radio signal is
broadeast into space, it showers its energy
all about. Any rod, wire, or other conductor
it meets absorbs some of that energy. But
maximum energy is transferred when the
length of the conductor corresponds to the
length of the transmitted wave.

It is known that the most practical and
efficient length for an antenna is half the
length of the wave. In practice antennas are
made 5 to 7 percent shorter than a half wave
to compensate for certain undesirable effects.

From the above figure vou can derive a
handy formula for calculating proper an-
tenna length. The one commonly used is:

468

frequency (megacycles)

Length (feet)
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The basic form of the TV and FN -
tenna is the halt-wave dipole shown at the
left. As vou can see, the hall wavelenath is
made up of two equal arms extending ont-
ward from the center. Each arm, then, is
equal to the corrected halt wave divided by
2. The table at the right gives the length
for various channels; "L represents the
total length of both ars.

It is convenient to use the total length
in the table because other elements of an
andenma. such as reflectors and  diveetors
(which will be discussed below) ean also
he caleulated as fractions of “L7,

Proper length is one kev factor in antenna
coustruction.  Another is the way in which
high-frequency waves travel. They move in
straight lines and are reflected by flat sur-
taces. When it comes to bnilding an an-
tena, vou also want to take into account
such things as elevation, neighboring build:
imus. distanee trom transmitters, and strength
of the signal in your location. If vou live
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As can be <cen in the drawing above, the two-
clement heam antenna consists of 0 halfwave
dipole. now called the driven clement, and a
reflector, The Latter isn't conneeted.

A two-conductor feeder cable is illustrated at
the lett, One conductor is soldered to cach halt
of the dipole: the other ends 2o to set.

e
(Total length
Chonnel Frequency of both rods
or {mec.) of dipole
boand —inches)
2 341-60 98
3 60-66 S8
4 66-72 S0
3 T6-52 70
6 S2-88 63
7 174-180 31
s IS0-156 30
9 156-1492 29
10 192 198 28
11 198-20.4 27
12 204-210 26
13 210-216 25
fonv hand
2.6) 54-58 78
high hand
(5-13) 174-216 28
all band
2.13) 31.216 60-65
F\I SS-108 56
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close to a broadeasting station you'll find the
easily constructed half-wave dipole elficient.
The dipoles are made of 47 aluminum
rod. Atfter cnlting, them to length, thread
one end of each 47-20. Use two nuts to
clamp the end into an insulator as shown in
the inset of Fig. 1. Mount the insulators on
opposite sides of a 27-sqnare wooden pole.
Several types of feeders, or connecting wires,
mayv be vsed hetween roof and receiver.
Most high-frequency antennas must he
correctly aimed lor best performance. To
position vour anlenna, rotate it slowly while
a helper bimes the recciver and signals to
vou when all stations come in best.
Farther from the center of a service area
the antenta must be more sensitive to sig-
nals coming from the chosen direction and
capable ol cutting off noises bromn the rear.
The two-element antenna of Fig. 2 is de-
signed for that job. The addition of a re-
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The half-wave open-wire antenna s con-

strneted from two lengths of 57 (o %7 alnninmn
tubing. Make a 90° bend at the midpoint of
each tnbe to form the Q-matching transforimer.

Space the open-wire line with a sufficient nom-
ber of 27 plastic spreaders. Use insulators to
keep the ware from tonching the hnilding.

.
——

flector behind the dipole gives a much higher
ratio in the favored direction. 1t can be
made of aliminum rod or tubing from %” to
A7 in diumeter.

Transmission lines from antenna to sct
generally drop off in efficieney as a result of
age and weathier. While coaxial cable is
quite durable, it may prove to be a bit ex-
pensive, especially if the receiver is located
at any great distance from the roof.

You can make a low-cost, long-lasting
feeder line of ordinary No. 14 enameled
copper wire, but to link it to the antenna
vou will need a simple Q-matching traus-

tormer. This is nothing move than two verti-
cal legs. The combination is the half-wave
anteima, open-wire line shown in Fig. 3.

Bend two aluminim tubes and bolt them to
stundofl  insulators  through  3,/16” holes
drilled in the tube walls. The vertical por-
tions of the tubes must be perfectly parallel
and spaced 14”7 from center to center.

Another popular and efficient transmission
line is the Hat ribbon-type lead. For difficult
reception, the choice is almost always he-
tween this and coaxial cable.

1t isn’t always easy to know what feeder
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tern, which is desirable in localities that have

to select, but the first things to consider are
the input impedance of the receiver and
the radiation resistance of the antenna.

A properlv made antenna is essentially a
tuned circuit. That is, it is resonant at the
particular frequency for which it is cut.
For its own frequency, a dipole almost al-
ways has an impedance of 72 ohms at the
center.

Now, if a receiver has an input circuit
matched for 72 ohms and it is connected to
a properly tuned antenna by 72-ohm coaxial
cable, you will obtain the most efficient
transfer of energy from the roof to the set.
Impedance matching thus becoimnes a vital
consideration when you’re dealing with such
elusive things as television waves.

The most common receiver input circuits
are matched tor 72 or 300-ohm lines. You
should know which yours is.

In virtually all cases you can get by with
a certain amount of mismatch—sav up to
100 percent. Bevond that vou begin to pay
for it in weaker signals.

Coaxial or flat-ribbon transmission lines
are available in a number of ratings from
about 50 to 300 ohins, with stops at 72 and
150 ohms. The higher values are usually
ribbon types.

Now consider a dipole that is cut to half
wavelength of television channel 2. Under
ideal conditions it will have an impedance
of 72 ohms—for the signal of channel 2.

The folded dipole has a broad directional pat-

The terminal impedance is
higher than that of a conventional dipole.

several stations.

The same dipole has quite a different value
when it is receiving channel 6. Thus, even
though vou may match your transmission
line correctly, it will remain correct only
under specific conditions,

The terminal impedance of an antenna
is alfected also by its design. For example,
a folded dipole (Fig. 4) broadens the re-
sponse of the antenna, and also raises its
impedance to about 300 ohms. Adding a
reflector to a dipole, as in Fig. 2, sharpens
its directional sensitivity and simultaneously
lowers the radiation resistance. Using a re-
flector in back and a director in front (Fig.
3) drops the terminal impedance to a still
lower figure (20 to 30 ohms for a plain
dipole; about 100 for a tolded type) while
giving verv high gain in the favored direc-
tion,

Directional sensitivity is an important con-
sideration in antenna design. Let's assume
there are three stations in your locality.
Your present antenna may be bringing in
two of these very well but giving only poor
results on the third. It could then be well
worth vour while to erect a separate antenna
for the single hard-to-get station. In this
case the more directional you can make it
the better it will be, since vou can point it
straight at the desired transmitter. You
can also cut it to correspond exactly with
the wavelength ol the station.

Additional or special-purpose antennas

243



such as this mav be mounted on the same
mast as the existing ones. Bring the feed
line down separately and connect it to the
receiver through a selector switch, as shown
in Fig. 6.

Until yoit've tried it you won’t know how
much or what kind of antenna vou need.
The unpredictable tactors such as natural
and man-made obstructions, radiated inter-
ference, as well us the considerations dis-
cussed above, make it practically impossible
to know in advance what vour reception is
going to be like.

Where an extra antenna is used to bring in a
weak station, use a separate transmission line
and connect it to the recciver as shown. The
antennas below and at right are indoor tvpes
for use in strong-signal localities.
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You can, however, make certain guesses.
Look into the experience of your close neigh-
bors, ask the broadcasting stations about
field strength in vour location, and find out
about the direction and distance of the
transmitters.

All this information will provide vou with
a starting point. Then, whether you build
or buy your equipment, start with the mini-
mum reasonable amount. Try it out, and if
necessary vou can always add to it.

This applies cven to cominercial antennas,
for most of them are so constructed that
vou canr add additional eiements as needed.

If vou are located close to the broadcast-
ing stations you may find that an indoor an-
tenna gives adequate receptious. This can
be important it vou are an apartment dwell-
er, for landlords are often reluctant to permit
antennas to blossom out all over the root.

Oue of the most satistactorv indoor an-
tennas is the half-wave directional loop,
(Fig. 7), since it can easily be turned to
tavor any sfation. Drxill a hole 8” in one
end of a dowel. Make the hole large enongh
to permit a free fit on top of a music or
lamp stand. Twisted lamp cord or flut rib-
hon feeder is clumped to the ends of the
aluminum semicircles. [t twisted cord is
used, keep the length under 127

\Where home decoration calls for a less
conspicuous tvpe of indoor aerial, the fixed-
position halt-wave antenna (Fig. 8) may
do the trick. The flat wire can be concealed
behind a bookcase, under drapes, or in a
closet. [If any choice of position is possible,
make tests to determine which is the best.
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Amplifier is placed on top of TV set for iryout hefore heing placed in its separate cabinet.

[mproving Sound on TV Nefs

Special audio amplifier lets you get
maximum FM quality from the sound
part of a television signal.

l\, OST television sets are bought on the

basis of picture rather than sound,
and both buyers and sellers have paid sur-
prisingly little attention to the quality of the
audio-output circuits. In the average set
the sound is heard through an output tube
and speaker such as you'd find in a small
AC-DC receiver.

The sound part of a video show is broad-
cast and received by frequency modulation.
That means it is capable of noise-free, full-
frequency reproduction. All you need is a
good speaker and a little extra power lo
drive it.

Works with All Sets

The audio unit shown here, consisting of
a phase inverter and two output tubes in
push-pull, can be attached to any TV set
without touching the under-chassis wiring.

It has a tone control for reducing some of
the objectionable high notes that you some-
times get on the sound track of old-time
movies.

Parts for this 3-tube push-pull amplifier
are mounted on a 2” by 5” by 7” chassis.
As the photos show, there is ample room on
top for the three miniature tubes, two trans-
formers, and two selenium rectifiers. The
under side is a little more cluttered chiefly
because the half dozen electrolytic con-
densers are a tritle bulky. You may be able
to save a little space and cost by using a
dual unit for C8 and C9.

Mount Parts Carefully

The input transformer is the type used in
intercoms. It is a shielded unit and has a
primary of 4 ohms and a secondary of 25,000
ohms. A good place to mount it is right be-
hind the 12AU7 phase inverter. The filter
choke beneath the chassis is mounted direct-
ly below the input transformer. In fact the
siune two screws are used to hold both
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Top view of chassis shows placement of parts.
Note how selenium rectifiers are mounted on a
single screw that also holds terminal strip.

units. It is ouly possible to do this if the
mounting holes ot the two units are spaced
equal distances. It's not vital, though: if
the units you purchase have different mount-
ing centers, you'll merely have to drill two
more holes.

To attach the two selenium rectifiers, you
need a 2” long screw, preferably 6-32. First
pass the screw through a 2-lug terminal strip,
and then through the center hole in both
dry disks. Put on a nut after this, and
tighten up on the stack. You can even solder
R13 and R14 in place before installing the
rectifier unit. To do this, drill a hole in the
chassis and fit another nut underneath. It’s
important to observe polarity when wiring
the dryv-disk units.

Electrolvties Go on Last

Leave the electrolytic condensers for the
last so that vou’ll have plenty of room to
complete the small amount of wiring that
has to be done under the chassis. Fit the
filter condensers in anywhere that you find
space. They can be supported by their own
leads, so no additional anchoring should be
necessary.

The 25.000-ohm tone control, R3, is op-
tional. and can be omitted if you choose.
Should vou decide to leave it out, also
omit C3.

One important component that is not
shown in the diagram is the push-pull output
transformer. Mount this on the frame of the
loudspeaker you will use with this unit and
connect it to the amplifier by means of a
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Mounting shielded intercom transformer used

for input. It's placed behind 12AU7 socket.
Leads are pushed through a hole in chassis.

four-prong speaker plug. The 4-prong socket
that receives it is flush mounted in one end
of the chassis. Connections to the speaker
transformer should be made as shown in the
socket diagram.

Only two connections have to be made to
the TV set itself. These go to the voice-coil
—that is, the secondary—winding of the out-
put transformer. They can be wired directly
into the amplifier chassis or, as shown, to
a pair of binding posts placed on the side.
It is also necessary to disconnect the same
two voice-coil wires from the speaker inside
the TV receiver.

The 1,800-ohm resistor, R1, was placed
across the secondary winding of the input
transformer because the high sensitivity of
the amplifier caused too much hum. This
resistor actually reduces the input and there-
by eliminates hum. The exact value for this
resistor tnay vary from set to set. It can vary
from 300 to 12,000 ohms. Start with the
larger value and reduce it in smalil units
until hum disappears. The lower the value,
the lower the volume will be, but you’ll still
have enough sound power to fill a small hall.

Use Good PM Speaker

To get the maximum benefit from this
unit, use as large a speaker as possible. It
shouldn’t be under 10”. A good cabinet or
baffle for the speaker will also help the
tone. In combination with a good perma-
nent-magnet speaker, this amplifier will give
you lots of sound—and what you get will
sound good.



All fixed resistors 1-watt carbon.

R1, R8: 1,80C ohms.

R2. R4, R9: 100,000 ohms.

R3: 56,000 ohms.

R5: 250,000-ohm variable tone
control with switch (see S1).

R6. R7: 270,000 ohms.

R10: 5,600 ohms.

R1l: 12,000 ohms.

R12: 150 ohms.

R13, R14: 47 ohms.

Cl, C7: 8-mfd., 430-volt
electrolytic.

LIST OF PARTS

C2: 10-mfd., 25-volt elect.

C3, C4, C5, C6: .05-mfd., 400-
volt paper.

C8: 40-mfd., 450-volt elect.

C9: 20-infd., 450-volt elect.

C10: 30-mid.. 450-volt elect.

SR1, SR2: 100-ma. selenium
rectifier.

L}: 8.5-hy., 50-ma., 400-ohm
filter choke.

T1: Shielded
4-ohm primary,
secondary.

intercom trans.,
25,000-0chim

T2: Filament trans., 6.3 volts,
1.2 amp.

T3: Push-pull output transformer
(not shown in diagram; this
is mounted on spcaker trame.)

S1: SPST switch on R5.

Speaker plug and socket (4-prong),
tubes, miniature sockets (two
7-prong, one 9-prong), large
P.M. speaker (at least 107),
chassis, binding posts, misc.
hardware.

Partially wired chassis seen from below. Filter
choke is held in place by the same two screws
that fasten the filament transformer on top.

Electrolytic condensers have been installed.
This is done last smce the bulky paper tubes
would otherwise interfere with socket wiring.
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Clever craftsmen improve reception

by devising ways to swing dipoles.

=

SCREWED TO
BEAMS

|

By Roberd Gorman

S YOUR television antenna doing the best

job it can? An array that does wonders
i one location may be all wrong in another.

\Why? Because all TV dipoles we di-
rectional. They pick up signals best when
they ure oriented broadside to the trans-
mitter. To catch a weak signal it is often
necessary to increase the gain of an antenna,
especially when you live on the fringes of a
signal area. You can do this by adding re-
lectors, directors, und other gimmicks, but
mereasing an antenna’s sensitivity automati-
cally narrows its directional pattern. It then
becomes more necessary to line np vour
antenna squarelv at right angles to the direc-
tion of the station vou want to receive.

It there is only one station in vour locality,
this may not be difficult. But let’s ussume
that there ure two or more on one band—
for example, channels 2 and 4 at the low-
frequency end—and that thev come from
dilferent directions. You could orient your
antenna to a compromise position halt-way
between them, but this might sacrifice the
qualitv of vour reception of either or both
stations.  Or vou could use two or more
separate antennas, each one favoring a
particular station.

There’s a third choice, which is otten the
casiest and best: to rotate vour antenna. By
making it movable vou can “tune” the anten-
na every time vou switch to a new channel,

In building a rotator, vou have to consider
three main elements:

® A mounting that will support the mast

and permit it to turn.

@ A contral unit neur the receiver that

will permit von to move the untemna at

PULLEYS ON
BASEMENT CEILING

ANTENNA MAST

PIPE SAWED
LENGTHWISE

PULLEYS ON

BRASS NUTS DRILLED 33,
INSIDE WALL

DRILLED AND TAPPED
FOR TWO SETSCREWS

METAL SPACER U SHAFT

BRACKET

Moving the position in-
dicator shifts the roof
- antenna in any desired
direction. Equal pulley
diameters give a 1-to-1
ratio of pointer to mast.

will. An indexing arrangement on the

control to locate station positions is also

desirable.

® A link between the inside control and

the untenna outside. This may be either

mechanical or electrical.

You will, of course, also want to provide
enough slack in the transmission line or
lead-in wire to let the array turn freely.
A mechanical stop to keep the untenna
from turning more than 360° will keep vou
from twisting the wires off.

Mechanical Rotator

The rig pictured above and on the facing
piage was built by Edward Zafian, of Bay-
onne, N.J. His design was largely sug-
gested by available materials and equip-
ment—a drill press, lathe, and a welding
outfit=but it cun be adapted to your re-
quirements.

The bracket that spaces the pulley out
from the house wall, for example, is actually
bent up from & metal, but it could just as
readilv. be made of wood. Similwrly, the
wheel-bearing  assembly is a4 war-surplus
bronze casting with the ends drilled for a %7
shatt. But this. too, could be wood. though
metal bhushings would then be needed.

Pullev wheels are the double-groove tvpe.
The wire in each groove enters a hole in
the groove and is secured by a clamp. In
similir installations.  baby-carriage  wheels
could be made to serve nicelv. The wheel
can be brazed to the shaft, or the hub can
be drilled and tapped for setscrews. Brass
nuts or collars are used as bearings on the
two arms of the supporting fork. ANl parts
of the roof-top rig should be rustproof.

Stainless-steel cable is attached to the
pulley wheel, looped around 180°, and
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brought into the building. Tight rubber
fittings help weatherproof the entrance holes
on the outside.

Inside the building the cables are turned
downward over two pulleys. In this instal-
lation the wires are brought into the base-
ment, across the ceiling, and then up to the
floor of a closet near the receiver, where the
control handle and indexing pointer are
located. The pulley wheel in the basement
is the same size as that on the roof.

Phono-Motor Control

An odd assortment of junk-yard salvage is
used in the second rig, shown at the left and
below. Fred Henkel, of Hollis, N. Y., built
it. He used an old spring-wound phono
motor and part of a Model-A Ford generator.

The springs of the phono motor were
removed and the wind-up shaft used to
drive four cubles. The cables operate in
pairs, one pair reeling in as the other reels
out.

As you can see in the drawing, one wire
from each pair goes outward, through pul-
leys, to the leverage bar clamped to the
antenna, The other two cables are brought
to a shaft and worm gear that drive a pointer
on the turntable. Channels are marked off
on the turntable for quick and easy selection.

The end plate and bearing of a Model-A
genevator are used as a pivot for the antenna
mast. The bearing plate supports the bottom

Adding a ratator required very few
changes in the installistion above.
The control unit, made fram a spring
phano mnotor, is pictured below
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Motor-driven antenna is governed by a switeh
located  at the receiver. A three-wire  cable
brings power to the root; the rest of the meeha-
nisin s scaled inside a weathertight box.

end of the armature shaft, while the mast is
slipped over the top end and rests on the
core.

A housing for the shaft is bent from steel
straps and Dbolted to one of the supporting
arms of the antenna.  Bolt clamps on the
mast itscl are loosened a turn or two—just
enough to allow rotation without permitting
sway or side movement.

Motorized Antenna

The clectrified system, above, is the work
of George Basler, Hoboken. N.J. He has
a surplus 24-volt motor arranged so that he
can torn his antenna simply by throwing
switch at the receiver. Aside from the switeh
and transtformer, the entire mechanism is on
the mast.

The motor is mounted on a 3” by 12~
piece of weatherproof composition hoard
and attached by screws from the back. In
this case the motor housing had tapped holes
tor the serews; lucking them, a metal strap
might be used to secure the motor,

Two 57 bv 5” squares of the same compo-
sition bourd are drilled to line up with the
motor shaft, and one is counterbored for a
stundard thrust bearing. The drive shaft can
he turned from steel or bronze. One end is
a tight fit inside a piece of 1”7 aluminum
pipe, while the slotted end fits over the
drive pin on the motor shaft. The collur
resting on the thrust hearing is positioned to
take the weight of the antenna ofl the motor.

Both high- und low-band antennas are
fastenced to the aluminum pipe and the hack
hoard of the asseimbly is held on a support-
ing mast bv pipe clamps,

UALUMINUM
PIPE  al

| -~ 5
" p1pE P TS
CLAMP ’\\,:——(\/\ ‘
(3 REQ) I | ) et
I s
MAST | “cowlan
THRUST REARING . \
("1.0.-2"0.D, 2 I

3-CONDUCTOR
CABLE ~__

MAST

SLOY TO FIT -
S MOTOR PIN

TOGGLE SWITCH

o)
SPDY SWITCH -~

Electrical controls, consisting of an on-oft
switch, an SPDF reversing switch, a pilot
light, and a 25-volt transformer, are incor-
porated in a box. Outdoor parts are boxed
in with sheet copper for protection against
the weather,

A standard 115-volt motor could be sub-
stituted for the one shown, It would have
to he a 1 or 2 r.p.m. tvpe and would prob-
ably reqnire the addition of limit switches.
These switches were huilt into the aireraft
motor that was used.

Condenser Parts Salvaged. In
need of a short length of % steel rod. | re-
inembered an old radio stored away in the
attic. The three-gang tuning condenser not
only supplied the desired rod, but miam
other nseful items as well,

Included in the parts | salvaged are two
dozen 6-32 brass machine screws, six 8-32
setserews, two dozen special washers, cight
lock washers, and mmerous hrass plates.

A C. Porter. Sonuth Bene. Tud
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Horizontal lines which

ACTIVE

LINES:
contribute to the picture. as distingnished
from retrace lines which are blanked o,
or inactive.

ARRAY: Au arrangement ot two or more
antenna elements iu a single svstemn.

ASPECT RATIO: The ratio of pictnre
width to height. The television standard is
4:3, althongh many receiving sets use pic-
tures of ditferent shape.

AUTOMATIC GAIN CONTROL (AGC):
Electronic vegulation of amplification ot a
receiver to produce pictures of equal con-
trast despite variations in sigual strength,

BLEAM: A strean of electrons moving in a
uniform patli. Also applicd to response pat
tern ol directional antenna arvav,

BLANKING: Interruption of electron bein
in a picture tube between scanning lines;
i.e.. diring retrace of scanning voltage.

BOOSTER: An amplifier. usiallv broad-
hand. used to amplify weak radio or tele-
wmon signals betore they reach the receiver.

CAMERA TUBE: A pickup tube nsed at
television studios and elsewhere that “pho-
tographs i scene and converts the picture
into virving voltages that can be used to
modutate o video vurier wave,

CHANNEL: A pertion of the frequenc:
spectrimn assigned for the transmission of
a complete television signal.

CHARACTERISTIC EIMPEDANCE: A
tio of voltuge to conrent e any circuit. Often
used as deseriptive of antenna or trans
wmission line. In the latter it deseribes the
voltage-to-current ratio at every point along
the length of the line.

COANIAL CABLE (COAX): A cable used

for high-trequency transmission. It is usual-
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Television Glossary

lv circular and consists of a central conduc-
tor, un outer shield, and insulating material.

DEFLECTION YOKE: A it placed
around the neck of imagnetic pictire tubes
to bend the electron bean across the tube
face and np and down. This produces the
scanng lines.

DIPOLE: An antenna that is resonant to a
halt wavelength. Usially  divided at the
center,

MIRECTOR: A rod pluced hetween a di-
pole and transmilter to increase sensitivity
in one direction.

DISCRIMINATOR: A circuit that detects
or demodulates an M signal, e, that
separates the message portion (modulation
froin the hich-frequency curier wave.

ELECTRON: A tiny portion of matter that
his i negative electrical charge.

ELECTROSTATIC FIELD: A field exist-
g i space between two charged bodies
that exerts a Force on electrons.

FIELD: A complete tracing of an image on
a television tube. Under U.S. standards,
this contains only half the information trans-
mitted and is accomplished in 1,60 sce. A
second field, traced in the sueceeding 1/60
sec. contains the remaining picture informa-
tion. Two ficlds constitute a friune.

FLUORESCENT SCREEN: A phosphor
couting applied to the inside tace of a pic
ture tube. It lights up when struck by an
electron beam, thus producing o picture.

FOLDED DIPOLE: An arrangement of an
antenna in which two half-wave dipoles arce
made parallel and continnous. One of the
dipoles remains open at the center for con-
nection,

FRAME: One complete picture of a tele-



vision image, consisting of two fields. A
frame lasts 1/30 sec. before being replaced
on the screen by the following one.

FRONT-TO-BACK RATIO: The ratio of
increased sensitivity of an antema for sig-
nals received from the desired direction and
rejection of those coming from the opposite
side.

GHOST: A subsidiary image seen along-
side the desired image on a television
screen.

HALATION: A broadening of light on a
television screen caused by excessive bril-
liance or rellection of light from inside the
tube or through ihe glass. The effect re-
sembles that of a crown or halo.

ICONOSCOPE: A tvpe of pickup tube used
in television cameras.

IMAGE ORTHICON: A television pickup
tube with high sensitivity to light.

IMPLODE: Bursting of a television picture
tube. It is distinguished from “explode” in
that the high vacuum inside the bulb causes
the glass fragments to Hy inward rather
than outward.

INTERCARRIER SOUND: A design of a
television receiver in which a single inter-
mediate frequency amplifier is used for both
picture and sound signals.

INTERLACING: A svstem of tracing a tele-
vision image in snccessive fields, each carry-
ing halt the information.

ION: A charged particle. Ious are cmitted
by the cathode of TV picture tubes; if per-
mitted to reach the screen, they would cause
spots or discolorations of the phosphor. In
electromagnetic tubes thev are removed
from the electron beam by ion traps.

LIMITER: An electronic circuit used to re-
move noise and amplitnde variations from
an FM signal.

LINEARITY: Distribution of the elements
of a picture in either the horizontal or verti-
cal planes.

MAGNETIC DEFLECTION: A

system

used for bending the electron by means of
coils placed outside the picture tube.

NOISE: Distortion or deterioration of a
television picture due to atmospheric con-
ditions, interference, and the like. Usually
identified by a “snow” pattern.

PERSISTENCE: The ability of the eye to
retain the impression of an image after the
light producing the picture is extinguished.

RASTER: Scanning lines on a television
screen, usually without picture information.

REFLECTOR: A rod placed parallel to a
dipole and on the side awav from the trans-
mitter.

RETRACE: The travel ol an electron beam
from the end ot one scanned line to the be-
ginning of the succeeding one. Also called
Flvback.

SCANNING: The systemn of breaking down
any picture into successive lines, each sub-
divided into areas of light and shadow. The
combination of scanned lines reproduces the
picture.

SNOW: An impression of rapidly moving
white spots caused by certain tvpes of tele-
vision interference.

SYNCHRONIZING PULSES: Electrical
impulses sent out by the transmitter for the
purpose of controlling those portions of a
receiver circuit which govern the timing
action of horizontal and vertical oscillators.

TEARING: The appearunce of a torn pic-
ture caused bv failure of svnchronization
that groups scanning lines improperly.

TRANSMISSION LINE: Cable or wire
used to carry electrical signals from an-
tenna to receiver.

VESTIGIAL SIDEBAND TRANSMIS-
SION: A method of picture modulation in
which the carrier is modulated by all of the
upper sideband and a portion (vestige) of
the lower sidebund.

YAGI: An antenna arrav in which one ele-
ment is used as a dipole for one band and
as a reflector or director for another dipole
in the same array.
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Filter, high-pass ... 53
Filter, low-pass .........c.ccccciviinnniinnn. 54
FM antennas ... 240
Forceps as aid ... 81

Headphone as microphone
Hearing-aid amplifier ...............................
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High-voltage safety ......
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M
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Multimeter, principles ... 119
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Output meter ... 115
Output transtformer ... - 33
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Pillow phone ......... ... 216
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Phono amplifier .... 165, 167
Phono needle guard . 146
Phono oscillator, midget ..... . 164
Phono-radio portable ................. .. 152, 192
Phono records, warped ... 71
Phono thump prevented ......................... 144
Photoelectric relay ... 176
Piped programs ... 175
Pocket laboratory ... 107
Portable, booster for ... .. 200
Portable, converted from AC-DC ...... 204
Portable, de luxe ...................cccceiiiiiin. . 140
Portable lid elip ......................... 89
Portable, three-pound ... ... 196
Potentiometer servicing ... 74
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Power pack, midget ... 184
Power supply, heavyv duty ....................... 75
Preamplifier ... 227
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Push-button test values ... 129
Push-pull transtformer ... 34
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Receiver, AC-DC, converted to portable 204
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Receiver, crystal .................. 18
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Receiver, tour-way portable ... 147
Receiver, high-tidelity PR ... 156
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Receiver. improving quality ... 224
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Receiver, matchbox-size ... 174
Receiver, midget ... 196
Receiver, permeability-tuned ................. 135
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Rectifier, dry-disk ... 155 Transmitter, 80-meter ... 102
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Reluctance pickup amplifier .................. 227  Tube filaments. testing . 45
Remote tuner T P TR e 213 Tubes, handling ... 87
Resistance bridges ... Tubes, reactivating ... 87
Resistances in combination ... 51 Tube, replacing rectitier ... . 155
Resistors, choosing ... 61  Tubes, salvaged as rectitiers .................... 73
Resistor types and ratings ... 11  Tube substitutions ... .. 82
Resistor warms motor ... 87 Tube ventilation ... 13
RF amplifier ... 72 Tuning adjustments ... 88
REEADOOSTET & eiirr 358 a2t it o a8 200 Tuning-eye installation ... 217
S Tuning-eye meter ... 9 gt
Tuning markers ... 151
Selector switch . ... 34 v antennas ... . 240
Short-wave converter ............................. 98 vy ANtenna CotAtons v i le e 248
Shunt ohmmeter ... 124 TV assembly from kit ... . 234
Signal DOOSLEr ..., 72 TV corona prevention ... — 239
Socket as test-point adapter ... 33 TV GIOSSATY oo 252
Solder, high-temperature ... 45 TV picture quality ... 229
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TV sound imvrovernent .
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Straws as spaghetti ... — = 87 Vacuum-cleaner static ......................... 44
Superhet alignment ... ... 43 Vacuum-tube voltmeters . . 111, 130, 133
Superhet construetion ... 36  Voltage drop, permissible ...................... 93
Superhet testing ... 42 W
Switch by phone ... 144 )

Wand for alignment ... 91
Switch, satety .o 71

Washing-machine static ... 44
Symbols ... 73
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How to BUILD, REPAIR
And MODERNIZE RADIOS!

Here they are—two giant volumes packed to the brim with everything

youv want to-know about radio! Yes, 448 big practical pages show you
how to do your own repairs from top to bottom . . . how to build over
80 great new sets . . . and how to modernize your old radio! All your
questions are answered, all your problems are solved! Over 860 pic-
tures and 150 wiring diagrams explain every detail—and scores of
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volumes a complete radio reference library! So waste no time—order
NOW! SEND NO MONEY! Just deposit the price of the books with post-
man plus few cents mailing charge. If after 7 days’ Free Trial these
volumes don't do wonders for you, just return them for a full refund!
But be sure you mail your order TODAY—while the supply lasts!
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EVERYBODY’S
RADIO MANUAL

256 Pages! 216 Pictures!
75 Wiring Diagrams!

Get your step-by-step instructions
for radio repairing from chis clear-
cut casy-to-use manual! Before you
know it you'll learn how to wire a
battery setc for AC current, add a
phonograph acttachment, adapt a
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How to make old sets

sound just like new!

Every job is quick and simple with
this great volume! You'll read how
to give those dusty old sets bright

new cabinecs, loudspeakers that
sound like new, and the tone you'd
expect from a big new hlgh fidelicy
model! Hundreds of pnctures show
you how to “trouble-shoot” from
A to Z—how to check circuits, read
diagrams, improve sclectivity, meas-
ure voliages, and even make your
own testing instruments. And chat’s
not all—for you'll learn how to build
11 brand new sets. everything from
an AC-DC short wave receiver to a
3-way portable. It's just bursting
with slvorn:uls, pictures, diagrams’
So order now!

ONLY $1.49 in DzLuxe Binding

For the man who wants

to build sets !

RADIO FOR
THE MILLIONS

648 Pictures! 192 Pages!
78 Complete Plans!

ONLY $1.98 in Deluxe Binding

Order Both Books Together and
SAVE 49¢

These 2 Great Radio Books Both For
ONLY $2.98!

Or Bought Separately:
RADIO FOR EVERYBODY'S
THE MILLIONS RADIO MANUAL
$1.98 $1.49

Now you can build your own favorite
radio—al/! by yourself! Here's the book
that shows you how to construct 78
GREAT NEW SETS! [t explains every
step 1o follow—rells you the prarts you'll
need—diagrams every wire and ecvery
coil! You'll find it's jam-packed with
plans for all your favorite models—
giant consoles, handy litde portables,
brilliant FM’'s, a radio built for a bi-
cycle, 2-tube sets, radio phonograph
combinations, AC-DC receivers, an all-
wave radio, a kitchen radio—a vast
treasure of ideas in one big book!

SCORES OF NEW RADIO IDEAS!

\What's more, you'll find new ideas ga-
lore—learn how to build a high fidelity
amplifier, handsome new cabinets. dua!-
turntable phonograph, rectifier unit,
television antenna. record player, home
recorder. even a light beam transmitcer!

And think of it! A giant book in
DeLuxe binding with 648 pictures, 192
pages, 78 complete plans for radios
and phonographs—all for ONLY $1.98!
Just one of the items here could save
you the cost of cthe entire book! So
order right now! TP -50
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EDITION ONLY

$3 [iE: 3l WORTH of FINISHED ARTICLES!

DETAILED INSTRUCTIONS
SHOW HOW T MAKE:—

Ma:chinﬁ chair, table and lamp
Collapsible clothes hamper
Colonial plant boxes

Occasional mirror

Folding luggage stand

Repairs on your radio

Repaizs on electric motors

Period cabinet 34 inches tall
Repairs on door locks

Model windmill for your garden
Handy refreshment tray

Repairs on your vacuum cleaner
Modern cabinet for sewing machine
Chest and secretary furniture
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Kitchen knife rack
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Rustic bench and table for outdoors
Model scenery for clectric train
Dozens of chemical experiments
Radio static suppressor
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Home-built radio charger
Add-a-unit bookcase

Repairs on your sewing machine
Dozceas of car improvements

AND HUNDREDS MORE in the
Home Workshop Encydlopedia!
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1883 PICTURES!
Printed in 5 COLORS!
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SAVE a Stamp by Using the Postage-FREE Order Card on Back Cover Flap

COMPLETE INSTRUCTIONS
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THOUSANDS of DOLLARS

You'll have the time of your life with this "NEW Home Work-
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projects for your workshop . . . detailed instructions for working
with hand and power tools . . . for making all sorts of furniture,
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It shows you how to do your own carpentry, machine work,
wood carving, painting, repairing and electrical work. It gives
you expert advice on caring for your car, repairing vacuums and
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and scores of other odd jobs around home.

What's more, it's brimming with exciting how-to-do-it infor-
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