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INTRODUCTION

WELCO.\IE TO the world of tubes, circuits and frequencies. Whether you are

an expert or are just tuning in on this hobby, you will find the complete,
step-by-step instructions and diagrams in this book practicable, easy to follow,
and, if you wish, profitable.

The basic aim of this book is to give you a variety of projects you can begin
to build immediately. These include different kinds of radio receivers, ampli-
fiers, intercommunicators, high fidelity components, test equipment and a
frequency modulation tuner.

The difference in the amount of “know-how” between the expert and the
beginner has been taken into account in the organization of this book. All
the projects are designed to be interesting and worthwhile, but are presented
in order of increasing difficulty. A one-tube receiver with a crystal diode de-
tector comes first. Even the experienced constructor should have fun with this.
If you’re just getting started in this hobby, the one-tube receiver is an ideal
project to start with. And you can easily move from it to the three-tube set
that follows, then to the five-tube superhet and the six-tube.

If you take the projects in order through the book, you can progress from
a novice to a practical, experienced constructor, ready to start off on your
own. The author has spent years telling how to do just that.

Another principle of organization used here is to break the over-all circuit
down into stages, then complete and test each stage before going on to the next
one. Experience shows this method is simple, quick, and as fool proof as can be.
Wrong comnections, for instance, are practically eliminated. The test of each
stage tells you if you made a mistake hefore locating it becomes a complicated
and time-consuming task.

The general scheme for each project goes like this:

Description of over-all circuit

List of parts

Chassis layout and assembly

Wiring and testing of individual circuits

Unless you can really claim to be an expert without boasting, read Chapter 3
before you start to work on any of the sets. The hints and tips given there will
save you time, money and headaches. It tells you, among other things, how far
you can go in substituting a slightly different part for the precise one called
for, when you can rearrange the components of a set, how to overcome oscil-
lation, special information about volume control, wiring, resistors, and so on.

There is also a trouble-shooting chart at the end of Chapter 1 that you will
find useful if things don’t go as planned. However, you will have little trouble
if you read the text and diagrams carefully and in order.

Before you get very far, you're going to need test equipment. A minimum
amount of equipment is essential for testing the circuits, aligning the set,



measuring capacitance. determining resistances. and so on. Chapter 7 tells you
how to build the basic tools. They will be as zood as the less highly priced
items vou can bhuy at the supply houses.

Beginners and advanced constructors alike can have concert quality music in
their living rooms with high fidelity systems built as directed in Chapter 3.
Instructions for hi-fi components that one can build. such as amplifiers and
speaker enclosures. are simple and complete. Tips are offered on selecting the
components that must be hought. such as speakers and record players. accord-
ing to the thickness of the wallet.

This book has been prepared with the thought in mind that you may want to
tear down one project after you have built it and use the parts for a different
one. A special parts section at the end tips vou off to wise shopping at the
parts stores and suggests low vou may find many components vou mity need
rizht in your own serap hox.
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Chapter 1

Three Easy-to-Build

Radio Recelvers

IN THE first two chapters we tell you
how to build several home radio
receivers, ranging from a one tube, ac/
dc set to a fairly elaborate project us-
ing six tubes and equipped with
phonograph input and push-pull out-
put stage.

These projects are explained in the
order of their difficulty; in cach one
a new circuit, device, or principle of
construction appears. You can build
these sets for fun, experience, or
profit, as you like. Even a beginner
will find plenty of basic radio infor-
mation presented in a non-technical
manner. More advanced technicians
may want to go right to the second or
third set. But everyone should read
Chapter 3 for its time- and trouble-
saving hints on construction, substitu-
tion of parts, and other professional
practices.

You will find that the description
of each project is accompanied by a
parts list, and often you will notice
that some of the parts specified for use
in a particular project are the same
as those used in other, earlier projects.
This is not an oversight. These sets
have been arranged in this way so
that, if you wish, you can reuse the
parts of one in building the others.

As the projects become more difh-
cult, the descriptions are, of course,
longer and more detailed. Unless you

have had a great deal of experience,
you will do better to read all the de-
scriptive material carefully. Often this
will actually save you time and pre-
vent costly errors.

You will notice that tuning dials
are not included in the lists of parts.
These items have not yet reached the
degree of standardization found in
such other radio components as re-
sistors and condensers. And it would
be impossible to take into account the
wide variety of types available and
all individual preferences. However,
this will not cause you any difficulty.
The installation of a dial of your
choice is a simple matter. Complete
assemblies, consisting of drive shaft,
cord or cable, pulleys, pointer, and
scale are available from all large radio-
parts distributors. Usually, such as-
semblics can be fitted to a standard
tuning condenser shaft in a matter
of minutes because only two or three
screws are needed to fasten the dial
assembly to the chassis.

Instructions on cabinets for housing
your sets are also fairly brief in this
book because the man who builds his
own set, it he plans to put it in a
cabinet, has a specific purpose and a
previously selected cabinet in mind
and builds the set to fit. This usually
happens when the set is to be part of
a high fidelity system.
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RADIO AND HE-FI SETS

ONE-TUBE RECEIVER USING A
CRYSTAL DIODE DETECTOR

For many vears, orystal sets enjoyed
mnnense popularity among

tors and students because of  then

CONMLC

simplicity ol constraciion. The old
time avstal detecior, however, had
nkmy  disadvantages, ‘The chiel ob
jection wis that it was rather ditheult
10 keep in adjustment. Furthermore,
individual specimens of the crystalline
nuterial used vavied greatly in osensi-
tivity. Recenthv, the germanium crys
til diode has demonsurated i ragged-
ness and s uniform sensitivity to
such o wide degree that it has been
accepted s o detector in television
receivers, as arectilier inomcasuring
nstruments, and in arystal - diode
probes Tor use with clectronie meas-
wring devices. Now it seems that the
arvstal detector has iken a new lease
on lite,

The receiver desevibed | first uses
the erystal diode as a detecor, and
under  good  reception  conditions
(especially in metropolitan arcas near
powerful  broadeast  stations)  fair
loud-speaker volume may bhe expect
ed. OF course, @ cood antenna is nec-

\

C2
U 00029

essary: e an outside antenna if pos-
sible. And, as with most crystal sets,
a good ground conmection is_impera-
tive. Nowadavs we have hecome so
acaustomed o using receivers  that
operate Irom a loop antenna that' it
may be n("('('\\:n') to remind vou that
a cold water pipe makes an excellent
eround connection,
Cireuit deseription

See Figure 1-1 for diagram,

Signals appearing across the tuned
circuit consisting ol L1 and Cl are
applied  to the germantim  diode,
where they arve rectified. RUF. impulses
are removed by the bypass  con-
denser €20 and the renaining audio
sicnals are then fed to the conwol
eridd (pin ) of the 11717 wbe.

The V177 tube consists of two
sets of clectrodes in one envelope,
and, like many other wabes in this
category, it can be used in oa variety
ol nmsual ways. In this set the diode
section of the tube supplies plate and
screen voltages for the set, while the
remaining  electrodes function as a

Cs
L V.

Fig. 1-1. Circuit of one-tube receiver and bottom view of 11717 socket.
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power output amplifier.

Because the tube is designed to op-
erate at a heater voltage of 117, it
can be connected dircctly to the pow-
er line: no line ballast resistor is
needed. Although a 4-inch speaker is
specified in the list of parts, any
other size may be substituted, but if
a larger diameter is used it cannot be

(""1

3l

13
graphs intended for children’s use
employ a circuit similar to the am-
plifier circuit shown here. Be sure
that the inner wire of the phono
pickup cable is connected to the grid
of the wube and the shield is con-
nected to chassis.,

Some readers may, perhaps, won-
der why condenser C§ has been in-

[ <

© sp 0T swircH

HEADPHONE
JACKS

K
3

Fig. 1-2. Connecting headphones to one-tube set.

PICK UP CABLE

rd

SNIELD/

Fi
mounted directly on the chassis. In
any event, il vou do make a substi-
tution, be sure that the speaker voice-
coil impedance matches that of the
output transformer secondary.

With very littde additional trouble
you can adapt this set for headphone
listening under conditions where a
speaker might disturb other people.
Figure 1-2 shows how to add a single-
pole double-throw switch and a pair
ol pin jucks for headphone listening.
Only one ot the jacks need be in-
sulated from the chassis: the other
one is connected to it

Another interesting feature is that
the set may be used as a phonograph
amplifier by connecting the phono-
graph pickup leads as shown in Fig-
ure 1-3. In lact many small phono-

n7ez

INNER WIRE

$00K

ig. 1-3. Connecting phonograph pickup leads to set.

cluded in the civeuit. Careful obscrvi-
tion has shown that many germanium
diodes have been damaged as a re-
sult of incorrect connections that per-
mit considerible amounts of current
to flow in the diode circuit, G383 has
been used here as a protective meas-
ure but may be omitted il you feel
certain that no such “accident  will
occur,

Parts list

Resistors

R1 170K ohms, 1) 2-watt carbon

R2 150 ohims, 1 /2-watt carbon

R 17 ohms, l-watt carbon

R 1.000 ohms, [-watt carbon
Condensers

Cl1 Midget TRY <incle cung vari-
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ble, .000365 mid.

2 100 mmld., mica

(% 250 mmfd., mica

4 25 mld., 25-volt electrolytic

Ch 40-40 mId., 150-volt electrolytic

o .1 mid, 100-volt paper tubular

Colls

1.1 Adjustable iron-core antenna
coil, Stanwyck S-109 or equiv-
lent

Transformers

T Output  transformer  Stancor
A-8877, Merit \-2030
Switch
S1 Single-pole single-throw, rotary:

Hare & Hegeman 1561-BS or
equivalent

RADIO AND HI-FI

SETS
auminum. (For home-made chassis,
sheet aluminum, 20 gauge, 6 x 6-3/4
inches.)

Tube

11717

Chassis layout and assembly
Il vou intend to use a ready-made

chassis, you may go ahcad with the

layout, drilling, and assembly. Other-
wise, make up the chassis from sheet
metal as described in Chapter 3. Fig-
ure -1 shows the locations ol all
nutjor parts that are mounted on top

ol the chassis, while Figure 1-5 is an

underside view ol the chassis. Exuct

measurements cannot be given, since
parts made by dilferent manufactur-
ers do not always use the same mount-

[}

R
=)

AAKER

7] 0
‘@)

Fig. 1-4. Top View

Speaker
d-inch PM dynamic; Jensen P4-X or
cquivalent

Miscellaneous

INS4 germanium diode (Kemtron or
Sylvania)

Octal waler-type tube socket

Line cord and plug

3-point tie lug strip

Y-point tie lug strip

6-32 x 1/2 inch r.h. machine screws

-52 hexagon nuts

8-32 x 3/8 inch r.h. machine screws
for variable condenscr and spcaker

Push-back wire

Rosin-core solder

Chassis: 8 x 6 x 1-1,2 inches, steel or

of chassis.

g arrangement.

The easiest way to locate the screw
holes is to use a paper template or
pattern. First cut a picce of paper
the exact size ol the chassis top. Now
place cach part on the paper tem-
plate in the position it is to occupy
on the chassis. Draw the outline ol
each part on the paper. Now, by
measurement you cin determine the
locations ol the screw holes and wrans-
fer these measurements to the pattern.
For example, let us suppose that the
over-all dimensions ol the variable
condenser arc 1-7. 8 by 1-1/4 inches.
When the outline of the condenser is
drawn on the template you will have
a rectangle, as in Figure 1-6. By ac
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4

—

Cs

Ls ]

nnz

Fig. 1-5. Underside view of chassis.

tual measurement vou find that the
two screw holes are 58 inch {rom
the front edge of the condenser, and
each hole is 3/8 inch from un end.
“Transferring these measurements 10
the pattern, you will now have in-
tersecting lines marking the positions
of the screw hole centers. See Figure
1-6. Applying this method to all parts,
you will have a complete template
showing the locations ol all screw
holes. Next, lasten the paper to the
chassis top with cellulose tape or with
a few dabs of rubber cement. By plac-
ing a center punch at each of the
interscctions, you can punch through
the paper into the metal.

Unless vou are fortunate enough to
own a drill press, drilling will have
to be done with a hand drill. In that
case, it will generally be much easier
to drill a small hole and enlarge it
later if necessary. Most of the parts
are fastened with 6-32 machine screws,

therefore drill all holes with a #25
drill, which provides clearance for
this size screw. As a rule, variable
condensers use 8-32 screws for mount-
ing, so those holes must be enlrged
with a #16 drill. The antenna coil
may have a bracket or a single-hole
type ol mounting. 1l a bracket is used,
there will be no need to enlarge the
mounting hole. However, the thrcad-
ed bushing on a single-hole mount is
usually somewhat larger. The size will
have to be determined by measure
ment.

With all holes drilled, you are now
ready to punch the socket hole. If you
do not have a punch, the hole can be
enlarged to 1-1/16 inches by using «
tapered reamer, but this is not recom-
mended as the result is usually a rag-
ged, irregular hole.

The chassis punch (also known as
a sheet metal punch or a Greenlee
punch) consists of three parts: the

PAPER TEMPLATE

CENTER MARKS
FOR SCREW HOLES

TUNING
CONDENSER
© HERE

/N

Fig. 1-6. Using a template to lay out chassis.
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die, the punch, and the center serew
(or capscrew) . The correct method of
using the tool is illustrated in Fig-
wres 1-7A, B, €, and D. The center
hole in the chassis must first be en-
Larged to accommodate the capscerew;
use o drill that is 1/352 inch Lorger
than the screw.

Slip the capserew through the hole
in the die, as shown in Figure 1-7A.
Now pass the capserew through the
drilled hole in the chassis, as shown
in Figure 1-7B8, from the underside
of the chassis. Be sure that the cup
or hollow end of the dic is toward the
chassis. Apply a few drops of oil to
the screw threads, then thread the
punch en the screw with the cutter

SCAPSCREW

7

Fig. 1-TA.

move the capscrew lrom the chassis.
I the metal disc cut from the chassis
does not drop out of the die, remove
it by prying with a screw driver.
Never allow dises to accumulate in
the die or you may find it impossible
o remove them.

When the socket hole has been
punched out, you may locate and
drill the two holes for the socket
mounting screws. Of course, il you
use the retainer-ring type of socket,
no holes are needed. To locate the
screw holes, hold the socket against
the under side of the chassis so that
the pin circle is concentric with the
center hole. While holding the socket
in this position, mark the locations

CAPSCREW— 7|

b

CHASSIS

Fig. 1-7C.

cnd toward the chassis, Figure 1-7C.
Continue turning the punch by hand
until it makes contact with the metal
and can no longer be turned frecly.
Using an open end or an adjustable
wrench, continue tightening until vou
notice a “click”; the punch will then
have cut through the metal as in Fig-
ure 1-7D. Unscrew the punch and re-

CHASSIS

PUNCH CHASSIS

W\

IDIE "

‘:];"CAPSCREW

with a pencil. Center punch, then
drill with a #25 drill.

You are now ready to fasten the
speaker and output transformer in
place. Before handling the speaker,
it is a good idea to cover the cone
with a piecce of heavy cardboard held
to the cone ring with wire; this will
prevent possible damage to the cone.
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The method of mounting the wans-
former on the speaker will depend
upon the type ol speaker you have.
Many speakers come with the trans-
former already mounted, and in that
case you will, of course, save a lot of
work. If you cannot buy the speaker
and transformer already assembled,
at least try to get a speaker with a
plate for holding the tanstormer.
The plate is located on top of the
magnet {rame or, sometimes, on the
cone frame, and usually has two
holes for fastening the wansformer,
as shown in Figure 1-8.\. It iy then
only necessary to fasten the truns-
former in place with two 6-32 machine
screws and nuts. An alternative meth-
od of mounting the transformer, used
in cases where the speaker does not
have a mounting plate, is shown in
Fizure 1-8B. Notice that the trans-
former rests on the magnet frame, as
before, but is held in place by a strap
passing under the top of the magnet
frame. The strap may be made of
steel, brass, or very heavy aluminum.
It is about 1/2 inch wide and an inch
longer thun the width of the magnet
frame.

When you are ready to fasten the
spaiker to the chassis, you nuy find
that it is necessary to improvise a bit
on account of the variation in speak-
er construction, Some speakers have
L-shaped brackets welded to the mag-
net frame. This stmplifies mounting,
for it is quite likely that the brackets
are already drilled for machine screws.
It the speaker has no brackets, it will
have to be held in plice with two
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TRANSFORMER
MOUNTS HERE

Fig. 1-8A. Speaker magnet frame.

machine  screws that cither piss
through the magnet frume or are
threaded into it. The latter method
is preferable, it you have an 8-82 wp
and a tap holder. After locating the
holes, drill them with a #29 drill and
follow with an 8-32 tup. If the speaker
has no mounting brackets, you may
find that when the bottom of the mag-
net {rame rests on the chassis the front
of the cone frame projects too far
forward. Tt will then be necessury o
raise the magnet frame so that the
speaker can be moved back until the
cone trame is against the front chassis
apron. ‘T'his can be done by placing a
wood block of the required thickness
under the magnet frame. Of course,
the screws will have to be long enough
to pass through holes drilled in the
block.

The on-off switch is located on the

_~TRANSFORMER

MAGNET
FRAME

an. STRAP

~6-32 MACHINE SCREWS
Fig. 1-8B. Fastening transformer to magnet frame.
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front apron of the chassis. The center
of the switch shatt is 2-3,8 inches
from the right-hand end of the chassis
and 3/4 inch from the top. Drill the
hole with a #25 drill, then enlarge to
15,%2 inch with a reamer. When all
major parts have been fastened in
place, you are ready to begin wiring.

Wiring

Use #22 push-back wire for all con-
nections. The diagram is {airly simple,
so that littde explanation is needed.
Be sure that the terminal wires of
parts such as tubular and mica con-
densers, resistors, and the germanium
diode are covered with spaghetti or
with insulation removed from push-
back wire. If you do not care to do
this or if the wires are likely to be
rather long, then support such units
on terminal strips so that there is no
possibility that the bare leads will
come in contact with the chassis or
other parts. Carefully observe the
polarity when connccting electrolytic
condensers in the circuit. Negative
leads are either marked with a minus
sign or are colored black. As you will
observe, the negative leads ol both
the cathode bypass condenser and the
filter condenser are connected to chas-
sis. Positive leads of electrolytic con-
densers are either marked with a plus
sign or are colored red. (Note: Some
filter condenscrs have one positive

TWO-TUBE RECEIVER

This set uses a twin triode tube—type
12AU7—as detector and audio ampli-
fier. The detector circuit is the grid
leak type and, since this is one of the
most sensitive types, you can expect
that the set will perform better than
the crystal diode circuit used in the
last project. The complete circuit dia-
gram of the project is shown in Fig-
ure 1-9. This project is an examplc of
the many and varied applications of
dual unit tubes, and with a little
thought you should be able to use
tubes belonging to this category in a

wire colored red, the other blue or
green. In such cases, the red positive
wire is connected to the end of the
filter resistor nearest the rectifier
tube.) When connecting the antenna
coil, follow the terminal information
given on the instruction shect that
accompatr ies the coil.

Testing

When all connections have been
made and carefully checked, insert
the tube in its socket. Connect the
antenna and the ground to their
terminals and insert the line plug in
the outlet. Turn the line switch on
and allow the tube to warm up. If
everything is in order, you will hear
one or more ot your local stations
immediately. The number of stations
received and their signal strength will
depend upon your location and the
efficiency of your antenna and ground
systen.

Listen to each station long enough
to hear an announcement so that you
can determine its frequency. Now
note whether the station appears to
come in at the proper point on the
dial. You may find that you are un-
able to receive stations at the extreme
high {requency or low frequency ends
of the dial. It this is the case, adjust
the tuning screw at the end of the
antenna coil until you are able to
cover the entire range.

USING MINIATURE TUBES

variety of unique circuits.  Other
available combinations include dual
diodes, diodes combined with triodes,
and triode-pentodes. All have been
developed with a view to reducing
the number ol tubes needed.

Circuit description

One halt of the 12AU7 operates as
a grid leak detector, and this circuit is
unusually sensitive. It does have the
disadvantage that it is easily over-
loaded, and for that reason it is rare-
ly used in sets employing r.f. or it
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amplifiers ahead ot the detector. In
scts of the superheterodyne Lpe we
shall find that the diode detector is
wsed almost universally: although less
semsitive than the grid leak detector
it is not casily overloaded and is less
subject o distortion,

The detector hall of the tube is
coupled 10 the grid ol the amplifier
hall through the coupling condenser,
Cho Aler amplification, the signals
are led o the speaker. Although o
four-inch P.AIL speitker is mentioned
in the parts list, a speaker of any size
nity he sed provided its voice coil
impedance matches the ouput tritns-
tormer.

ADC voltages are supplied by the
SHWE rectifier tube. Fleater voltages

\

Y, 12407

Parts list

Resistors

R1 5 megohm, 1 /1-watt cobon

R2 50K ohm, 1/2-wawt carbon

R3 H00K  ohm  volume  control,
with switch

R 2000 ohm, l-watt carbon

RH 17 ohm, l-watt carbon

RO 480 ohm, 15-watt wirc-wound

Condensers

Cl1 Midget variable, single guang,
000565 mid.

2 0001 mld., mica

3 02 mtd., J00-volt paper tubu-
far

(@8] 10-10 mld., 150-volt clectrolytic

H omld., 100-volt paper tabular

Yt2au?

N SPEAKER

e

Ré

480N

SWy

o

35w4
S RS Ra
+ 40+ 40 +
Ca
e i - -
7
3 4

35w Y\
12807

Fig. 1-9. Circuit diagram of two-tube receiver.

are taken dircetly from the line and
are dropped 1o a value suitable for
the tube heaters by the 180-ohm se-
ries line resistor, R6. The combina-
ton ol two miniature tubes results
in i sec that is small in size but high
in performance. When used  within
the dependable service range ol broad-
cast stations,  good speaker  volume
may be expected, but, ol course, a
good antenna and ground system must
be used.

Transformers 0
11 Output  wvansformer, 1,000
ohms prinmary impedance,
3.5 ohm secondary imped-
ance
Speale
F-inch PM dvnamic, 3.5 ohm voice-
coil impedance; Jensen PN or
equivalent
Miscellaneous

.

Chassis: steel or aluminum, 3 x6x
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a,,,
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e

SPEAKER

S

Fig. 1-10. Top view of chassis.

1-14 inches  (or 20 gauge sheet

aluminum 6 x 6-34 inches)
Miniature 7-pin tube socket
Noval 9-pin tube socket
Line cord and plug
6-32 x 3/8 inch machine screws
6-32 hexagon nuts
Push-back wire
Rosin-core solder

Tubes

12AU7
35\W4

Layout and assembly

Figure 1-10 shows the arrangement
ol all principal parts to be mounted
on top of the chassis, while Figure
11 is an underside view. Actual
measurements and detailed locations
of screw holes are not given, since this
would limit you to the sclection of
specific makes ol parts, which in some

cases may not be obtainable. How-
ever, the lack of exact dimensions
should not place any obstacle in your
way if you use the template method
of lavout used in connection with the
one-tube set previously described.
The 3 x 6 inch chassis used on the
last project may be reused for this
one if you wish. "Fhe speaker, variable
condenser, and  certain other parts
may also be used again. It is true that
the chassis has a hole punched in it
for a large wube socket, but with a lit-
tle care this can be covered to make a
ncat-looking job. To do this you will
need a picce ol 20 gauge sheet alumi-
num 2 inches square. In the exact
center of this piece, punch a hole to
accommodate the noval tube socket
used for the 12AU7. Remove the octal
tube socket from the chassis and place
the aluminum over the hole. Scribe

;-

Cae

Fig. 1-11A. Underside view of chassis.
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Fig. 1-11B. Fastening miniature tubhe plate to chassis.

the locations ol the two socket mount-

mg holes on the sheet aluminuam,
Drill  conresponding  holes in the
square ol aluminum, using o #25

drill. Fasten the noval socket in place,
then Gisten the aliminum squanre to
the chassis, as shown in Figure 1-11D8,
using two short 6-52 machine serews
and nuts,

Alter drilling all smaldl holes, punch
or cut the holes for the tube sockets.
I'he 35WH socket vequires a hole 578
inch in diameter. The average 9-pin
socket (the type used for the 12AU7
fits into a 31 inch hole. Enkuge the
hole  for the  volume-control-shalt
bushing 1o 7 16 inch with a drill ov a
reamer. Fhe locaton ol the volume
control is shown in the detail sketeh,
Figure [-12, For details on mounting
the variable condenser and the speak-
¢r, refer 1o the information given in
the preceding, one-tube project. When
all major parts have heen fastened in
place, you are ready to begin wiring.

Wiring

The wiring may be done in any de-
sired order or sequence, but it is sug-
gested that you f{ollow some syste-
nittic plan to avoid overlooking one

or more connections, One such plan
is to wire the set in sections, perlaps
beginming with the series heater cir-
cuit, consisting ol the 12AU7 and
35WH heaters, the 180-ohm line re-
sistor, the cord and plug, and the on-
ofl switch, in that order. The next
step, after completing the heater cir-
cuit, might be to wire all of the
cathodes, then the grids, and finally
the plates. 'Fhe actual procedure s
unimportant, just as long as a system
iy wed. Some constructors prepare a
diagram of the complete set hefore
wiring is begun. As cach wire is put
in place, it is marked in colored pen-
cil on the diagram. This trick will
help vou make a quick check to de-
termine whether any connections have
been overlooked.

Testing

When the wiring has bheen  com-
pleted and carcfully checked, connect
the set to a good antenna and ground.
Insert the tubes in their sockets, con-
nect the line plug to an oudet, and
warn the switch on. Advance the vol-
ume control to the full on position.

Tune over the entire range in order
o locate all local stations and note

¥
3" 7/';°|‘.
- )

Fig. 1-12. Location of volume control.



22 BUILD YOUR OWN
their positions with respect to the
tuning condemser settings. If you find
that the set does not cover the full

RADIO AND HI-FI SETS

broadcast range, adjust the screw lo-
cated at one end of the antenna coil
until all trequencies are received.

THREE-TUBE TRF RECEIVER USING
SELENIUM RECTIFIER

This tuned radio frequency receiver
using metal tubes in the r.f. and de-
tector stages is quite popular among
constructors because of its simplicity
and the fact that it will give good
volume and fair sensitivity under av-
erage receiving conditions, In most
locations it will perform well on an
indoor antenna. An antenna “hank”
is suggested: this is a coil (usually
about 25 feet) of very flexible, stranded
wire wound on a flat fibre form or
spool. It may casily be unwound and
strung around a room.

With a few changes, tubes other
than those shown in the circuit dia-
gram, Figure 1-13, may be used. The
reasons for offering an alternative
plan of construction are simply those
of economy. Perhaps you have some
of the substitute types ol tubes on
hand, or perhaps you have looked
ahead to the five-tube superheterodyne
described later in this book. Some of
the tubes used in that set might well
be used first in this one, thus resulting

125K7
8

in a substantial saving.

A type 12BAG may be substituted
for the 128K7, a 12AU6 for the 125]7,
and a 50B5 for the 50L6. Of course,
the glass equivalents of the 125K7 and
1258]7 may also be substituted, pro-
vided that tube shields are used. For
your convenience, diagrams showing
the difterences in basing arrangements
between the 12SK7 and the 12BA6
(Figure 1-14, 1-14B), the 12S]7 and
12AU6  (Figures 1-15A and 1-15B),
and the 30L6 and 50B5 (Figures 1-16A
and 1-16B) are given here. When
wsing the wiring diagrams with the
substitute tubes, refer to these base
diagrams. It is only necessary to note,
for example, that the schematic dia-
gram calls for the heater wires of the
125K7 to be connected to pins 2 and
7, but when using the 12BA6 these
wires are to be connccted to pins 3
and 4 instead.

Of course there will be a few me-
chanical changes to accommodate the

miniature tubes. All three use the
50L6
3 -bca
T SPEAKER

=

Ro
AAAA

<)

}

¢

yyy

Fig. 1-13. Schematic diagram of a three-tube TRF receiver.
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12SK7
Fig. 1-11.A.

12837
Fig. 1-15A.

G2 Gt

50L6
Fig. 1-16A.

7-pin miniature socket: the vt wbe
and detector tube sockets must he of
the nvpe fitted with bases Tor tube
shiclds. Auempting 1o use unshielded
glass tubes in o TTREF receiver can
casily vesult in oscillation,

Circuit desceription

Signals picked up by the antenna
appear across the timed cirenit con-
sisting ol the wming condenser  (an-
tennat seetion) and the secondary of
LI. These signals are then applied to
the control grid of the 128K7 rl.
amplifier tube. Note that this wibe

12BA6
Fig. 1-11B.

Gi
12AU6
Fig. 1-15B.

5085
Fig. 1-16B.

has o screen clectrode: this reduces
the capacitance existing between the
control grid and the plate and thus
mitkes  possible  high  gain without
danger of oscillation due o coupling
within the tube itsell. Amplified sig-
mals appearing in the plate circuit of
the tube are induced in the secondary
of L2 and fed to the grid ol the de-
tector tube. T'he second tuned cireuit
(tuning condenser and secondary of
L.2), like the hrst one, rejects un-
wanted signals and builds up the de-
sired signal. After rectification by the
detector, the audio sienal is fed to the
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grid of the 50L.6 power output stage,
amplified and passed on to the speak-
er. Plate and screen voltages for all
the tubes are supplied by the seleniwm
rectifier, SR. Such rectifiers are now
widely used in radio and television
receivers, probably because they re-
quire no heater voltage and are re-
puted to outlast tube rectifiers. Heater
voltages for the set arve taken directly
from the line through the series drop-
ping resistor, R9.

Parts list
L

Resistors

R1 25K ohm volume control with

switch
R2 50K ohm, 1/2-watt carbon
R3 1 megohm, 1/ 2-watt carbon
R 270K ohin, 1/2-watt carbon
R5 470K ohm, 1 /2-watt carbon
R6 150 ohm, I-watt carbon
R7 2K ohm, l-watt carbon
RS 47 ohm, l-watt carbon
RY 280 ohm, 15-watt wire-wound

line resistor
Condensers
Cl Variable condenser, 2-gang,
000365 mid. cach  section
(with trimmers)
C2 .1 mid., 200-volt paper tubular
C3 .1 omfd., 400-volt paper tubular
C4 1 mfd., 200-volt paper tubular
5 .1 mid., 100-volt paper tubular
Co6 02 mid,, 400-volt paper tub-
ular
7 50 mid.,, 50-volt electrolytic
C8 002 mica
CY 20-20 mfd., 150-volt electrolytic
Cl10 .1 mid., 100-volt paper tubular
Cl1 006 mid., 200-volt paper tub-
ular

Transformers

TI Output transformer, Stancor
A-3876 or equivalent
Coils
L1 Antenna coil

L2 R.F. coil (Note: Buy in
matched pairs; you will then
be sure to get coils having
similar inductances)
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Rectifier
SR Selenium rectifier, 50 milliam-
perc output
Speaker

4-inch PM dynamic, Jensen P4-X or
equivalent

Miscellaneous

Line cord and plug

% octal wbe sockets (or miniature
7-pin sockets)

Chassis: 5 x 9 x 1-14 inches

6-32 x 3/8 inch r.h. machine screws

6-32 hexagon nuts

Single-point tie strip

2 3-point tie strips

Soldering lugs

Push-back wire

Rosin-core solder

Antenna “hank”

Tubes
125]7, 125K7, 50L6G  (or 12BAS,
12AU6, 50B5)

Chassis layout and assembly

If a speaker no larger than 4-inch
is used, the set can be built on a
chassis measuring 5 by 9 by 1-1/2,
inches. Using octal sockets (to accom-
modate the larger tubes) you will
have ample space. If you elect to use
the miniature tubes, you will have
some wasted space, which is no par-
ticular disadvantage. Figure 1-17 is a
plan view of the chassis, arranged for
the large tubes. An underside view is
given in Figure 1-18, and a {ront view
in Figure 1-19.

For information on mounting the
speaker and output transformer, refer
to Figures 1-8A and 1-8B, as well as
the accompanying text. With the
speaker mounting holes marked and
center punched, draw a line parallel
to the rear edge of the chassis and
1-1/2 inches distant {from it. All threc
tube sockets will be centered along
this line. Measure along this line
2.1 /4 inches from the left-hand end ot
the chassis and make a center punch
mark. This is the center of the 125K7
tube socket. Now, 2-3/8 Snches to the
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right of this mark  (still mecasuring
along the center line ol the sockets)
make a second mark to indicate the
position ol the 12507 socket. .\ dis-
tance of 2 inches o the right of this
point, mark the position of the 5016
socket, Alter locating the centers of
the tube sockets, proceed to locate the
socket serew holes in this wayv: Place
the socket on the chassis with the top
(ace of thie socket down. Center the
cuide pin hole over the punch mark.
While holding the socket in this posi-
tion, mark the hole locations with a
pencil. Remove the socket and make
punch mark at the center of cach of
the small penciled cireles.

The selenium rectifier is located to
the left of the speaker, about an inch
from the left end of the chassis and
two inches from the front. The exact
position is not too important, as there
is ample space here. The line resistor
is located under the chassis; the exact
position is not critical, as long as it is
not placed close to i coil or condenser.
Notice that the filter condenser  (see
Figure 1-18) is at the front center of
the chassis, so that the best position
for the line resistor will be along the
left end of the chassis.

Next to be located is the variable
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condenser. 1t is placed at the right
Iront corner of the chassis, as in the
drawing, Figwe 1-17. If your con-
denser has spade bolt mountings, it
will have to be placed on edge. In this
case, vou will he unable to place it
exactly as shown in the drawing. It
the plates open to the left, make a
wial location to be sure that the rotor
plates, when open, are clear of the
speaker. 1 the plates open o the
right, position the condenser so that
the rotor plates, when fully open, do
not extend bevond the end of the
chassis, Regardless of the method of
mounting the condenser, two small
holes will have to be drilled in the
chassis for the grid wires that run
from the condenser stator plates o
the underside of the chassis. Assuming
that the condenser is mounted  as
shown in Figure 1-17, these holes will
be located just to the left of the con-
denser. Each hole will be opposite a
stitor terminal lug. For edge mount-
ing, drill the holes so that they will
be under the condenser when it is in
position and so that the wires will be
as short as possible,

The antenna coil is to be mounted
just to the rear of the variable con-
denser. The coil will, in all probabil-

e q

ANTENNA
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SPEAKER
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g
VOLUNME
CONTROL

“ig. 1-17. Top view of three-tube TRF receiver chassis.

i
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ity, have a mounting bracket that re-
quires only one screw for fastening.
Near the rear edge of the chassis there
is a single-point tie strip that is used
as an antenna terminal. It is also used
as a junction point for the antenna
wire and the antenna series condenser,
C11. Alongside the antenna coil, mark
the location of a hole to admit a wire
that runs from the antenna coil pri-
mary to the volume control.
Referring again to the underside
view, Figure 1-18, notice that the r.f.
coil is located between the 125K7 and
125]7 tube sockets so the connecting
wires are as short as possible. The best
position for the volume control would
be at the right of the chassis, just un-
der the tuning condenser; wiring will

£
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marked and center punched, drill
them, using a #25 drill. Enlarge the
volume control and line cord holes to
7/16 inch with a drill or reamer. En-
large the socket center holes with a
3 /8-inch drill. Punch the socket holes
with a sheet metal punch, referring o
Figures 1-7A, B, ¢, and D and the ac-
companying text, if necessary. Enlarge
the variable condenser screw holes
with a #16 drill il the condenser is
intended o be tastened with 8-32
SCTCWs,

You are now ready to begin the
work ol assembly. Mount the tube
sockets first, using 6-32 by 3/8 inch
machine screws and nuts. While the
sockets are being lastened in place it
is 4 good idea to slip a soldering lug

. ]
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Fig. 1-18. Underside view of three-tube receiver chassis.

then be more direct. 1f the wiring is
done carefully, you will encounter
no particular dithiculty and the ap-
pearance of the set will be more sym-
metrical with the control at the right.

On the rear apron of the chassis,
about 1-1,/2 inches from the left end,
there is to be a hole to accommodate
the linc cord; this, of course, is not
shown in any of the drawings, since
there is no great need for a rear view
ot the set.

When all haole locations have been

over one ()f lh(’ Ill()lllllillg SCrews on
each socket: this will later be a con-
venient ground terminal. Fasten the
selenium rectifier, line ballast resistor,
and filter condenser in place next.
Resistors R7 and R8 may now be
mounted on a three-point tie strip and
fastened in place at the left end of
the chassis; see Figure 1-19. The other
threc-point tie strip is to be used for
the 125]7 plate and screen resistors.
These may now be mounted on the
strip and the strip fastened in place
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TOOUTPUT TRANSFORMER

TiE STRIP

TO SELENIUM RECTIFIER

Rs R?

FILTER
CONDENSER

TO SCREENS AND PLATES
OF ALL TUBES (EXCEPT QUTPUT)

Fig. 1-19. Assembly of R7 and RS on tie strip.

close to the tube socket. Fasten the
r.1. coil to the underside of the chassis
and the antenna coil on the top. Place
the variable condenser in position but,
before fastening it down, run the grid
wires through the holes drilled for
them. Finally, fasten the speaker in
position. (Note: Unless the speaker
and output transformer were pur-
chased assembled as a unit, mount the
wransformer in place belore lastening
the speaker to the chassis.)

\Viring

Experience in the radio industry
and in teaching radio has led the
writer to the conclusion that the wir-
ing of a multi-tube sct is best done in
sections. No matter how experienced
the builder may be, there is always
the danger ol omitting a wire il he at-
tempts to [ollow a complete schematic
diagram. The more tubes used, the
more likely this is to happen. The
principal cause ol such errors or omis-
stons is a lack ol systematic wiring
procedure. Even il vou have had con-
siderable experience, we suggest that
you use the sectional wiring method
to be described.

The entire schematic diagram has

Rg

been divided into five sections. Each
comprises those components that arc
closely related. As each scction is
wired the connections can quickly be
checked and any crrors or omissions
detected much more rapidly than it
the set were to be wired as a unit.
Furthernyore, this method offers a SYs-
tematic procedure and you will find
that it is not only simpler but olten
sves tine.
How to wire the heater circuit
T'he heater circuit, Figure 1-20, in-
cludes the line cord and plug, on-off
switch, line ballast resistor, and the
heaters of the three tubes. Begin by
passing the free end of the line cord
through the hole in the rear apron ol
the chassis. (Note: Before doing this,
we suggest that you install a rubber
gronmet in the hole. This will pre-
vent abrasion of the cord.) Mcasure
the length ol cord you will need to
reach to the line ballast resistor and
to the on-off switch. Tie a single knot
in the cord just inside the chassis; this
will take up any strain on the cord
and  prevent breakage of terminals.
Split the line cord into its two com-
ponent wires as lar back as necessary.,
Cut the wires to length-and connect

) MW
= )
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S0LE  125KT  128J7

Fig. 1-20. The heater circuit.
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one to the line resistor, the other to
the switch. Now connect the free end
of the line resistor to terminal 2 ol
the 5016 socket (if a 50B5 tube is
used, this will be terminal 3 instead).
Connect the heaters in series, as shown
in the diagram, by wiring pin 7 of the
50L6 to pin 2 of the 12SK7, pin 7 of
the 125K7 to pin 2 of the 128]7, and
by connecting pin 7 of the 12S]7 to
chassis. If you use miniature tubes
the wiring will be as follows: Pin 1 of
the 50B5 to pin 3 of the 12BA6, pin 4
of the 12B.A6 to pin 3 of the 12AUS6,
and pin 4 of the 12AUG to chassis.
Finally, connect the remaining ter-

)
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to be mounted on a three-point tie
strip located in the power supply cor-
ner ol the chassis. This detail is ilus-
trated in the sketch, Figure 1-20. With
the resistors in place on the strip, the
feft-hand ¢nd of R8 is to be connected
to the plus terminal of the rectifier.
This connection is clearly marked in
the drawing. R7 and R8 join at the
center lug on the tie strip; this lug is
marked “A” in the drawing. Later on,
when the rest of the sct is wired, the
B phis wire of the output transformer
will be connected to point ““A,” so that
the resistor connections need not be
soldered at this time. However, one

SR

Fig. 1-21. The power supply circuit.

minal of the switch to chassis. This
completes the heater circuit wiring,
The circuit may be tested by installing
the tubes in their respective sockets,
inserting the line plug in an outlet,
turning the switch on, and noting
whether the tubes light to normal
brilliance. If they do not light at all,
check for a missing connection, a de-
fective tube, or defective line resistor.
It the tubes light up much more
brightly than normal, or if onc of the
tubes fails to light and the others
light very brightly, turn the switch
off immediately and check the circuit.
It is possible that one of the tube
heater terminals has been grounded to
the chassis by excess solder, or per-
haps one or more of the connections
has been made incorrectly.

How to wire the power supply
circuit
This circuit, as seen in Figure 1-21,
includes the selenium rectifier, re-
sistors R7 and R8, and the filter con-
denser, C9. As mentioned in the as-
sembly instructions, R7 and R8 are

of the positive wires of the filter con-
denser must also be connected to “A.”
The remaining filter-condenser- posi-
tive wire is now connected to point
“B” on the tie strip, to which the free
end of R7 is already connected. When
the remainder of the set is wired, the
B supply for all plates and screens
(except the plate of the H01.6) will be
tiken from point “B.” Connect the
negative  (black) wire of the filter
condenser to chassis. Connect a wire
from the line-cord end of the line re-
sistor to the f{ree terminal of the
selenium rectifier and the job is com-
plete. The power supply circuit can-
not he properly tested without a DC
voltmeter. It you have one, check the
voltages from points “A” and “B” on
the tie strip to chassis. These voltages
should be somewhere between 90 and
120, It you do not have a voltmeter,
turn the set on and note whether any
parts appear to overheat. If they do
not, the power supply circuit is prob-
ably working properly. At any sign of
overheating, turn the set off at once
and check tor a ground or for wrong
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connections. Things to watch out for
include:  Rectifier terminat  lug
grounded to chassis; defective filter
condenser: connections to hilter con-
denser reversed.

How to wire the power output

circuit

The scctional wiving method may
be extended by making the connee-
tons to the tube socket terminals in
a particular order. You nay proceed
clockwise or counter-clockwise around
the socket, as you choose. I vou decide
to follow a clockwise direction, vou
will note first of all that pin 1 is not
connected, since the H01.6 has neither
an outer metal shell nor an inwernal
shield. Pin 2 has already been wired
as part ol the heater civeait. Connect
the blue wire ol the output wuns
former primary to pin 3, the plae,
Before soldering the connection, also
conneet one end of CR to this terminal.
Solder the connection, then connect
the free end ol C8 to chassis. I vou
are using the type of socket that has
a mewl ring with several terminal

Ce
TO PLATE '
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one of them is in contact with the
metal lrame ol the speaker. TE it i,
then this terminal is already connected
1o the chassis. M neither of the termi-
nals is lastened (lir('(‘[l) to the metal,
vou will Tave to add the chassis con-
nection shown in Figure 1-22, Before
leaving the plate circuit, look at the
plate wire of the output transfornmer.
Make sure that it runs diveetly from
tube socket to transformer and is no
longer than necessary. See that it does
not come near the grid werminal (pin
3) of the S0L6. I you follow the wir-
ing instuctions given in Chapter 3,
vou will not be likely o allow this
wire to come near the 1287 socket,
but this should be checked neverthe-
less. Connect the red wire ol the out-
put transformer primary to the “A”
terminal- ol the filter resistor strip,
\H connections at this terminal point
may now be soldered. Run o wire
from pin 1 of the socket o the “B”
terminal of the filter resistor strip. 1
vou have a voltmeter and signal gen-
erator and intend to make separite
voltage and operation tests on the

Je

TO "A" ON
FILTER RESISTOR
TERMINAL STRIP

10 "8"ON
FILTER RESISTOR
TERMINAL STRIP

Fig. 1-22, The power output circuit.

lugs, €8 cin best be connected o one
ob these lTugs; they are, of course, in
contact with the chassis, While work-
ing on the plate circuit, connect the
secondary wires of the output trans-
former to the voice coil werminals of
the speaker. (The secondary wires are
usually cnameled wire)) No “polar-
ity” need be observed in connecting
these wires, Now vxun-linc the speaker
voice-coil terminals and note whether

stage, this connection may now he
soldered: otherwise it need not be
soldered until other wires are added
later on. Resistor RH mav now be con-
nected between pin 5 of the socket
and the chassis. Here again, ground
terminal lugs on the tabe sockets will
be found convenient. Before soldering
the connections at pin 5, add one end
of condenser C6. 1t is advisable to
slip i picce of wtubing  (spaghetti)
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over the condenser wire. Notice that
the other end of C6 remains uncon-
nected until the next circuit is wired.
You will notice that there are no con-
nections made to pin 6 of the socket,
and pin 7 was wired during the hcat-
er circuit wiring operation. Pin 8, the
cathode, carries one end of the cathode
resistor, R6, and also one end of the
bypass condenser, C7. The remaining
cnds of these units are to be con-
nected to chassis. The resistor and
condenser may cither be connected
directly between the tube socket and
a convenient ground terminal, or they
may be supported on an additional
two-point tie strip. In the latter case,
wires are run from the tie-strip ter-
minals to chassis and to the tube
socket. Tn any case, be sure to observe
the polarity ot C:7; the positive termi-
nal must be conncected to the cathodce
and the negative terminal to chassis.
This completes the output stage wir-
ing, and the circuit may now be in-
spected and checked. Lacking any

3

a DC voluneter, you may make a fur-
ther test by measuring the voltages at
the tube socket terminals. Normal
voltages are: Pin 3 to chassis 90-110
volts, pin 4 1o chassis 80 to 100 volts,
pin 8 to chassis 12 to 20 volts.

How to wire the detector circuit

See Figure 1-23.

The detector circuit includes the
secondary ol the r.f. coil, 1.2; one sec-
tion of the variable condenser (this
will be the front section in this set) :
the tube socket; resistors R2, R3, and
Rt; condensers C4 and C5; and the
free end of C6.

Pin 1 of the 125]7 is the metal shell
of the tube and must be connected to
chassis. Pin 2 was connected during
the heater circuit wiring operation.
Pin 3, the suppressor, is connected di-
rectly to chassis. Using the instruction
sheet that came with the r.f. coil, lo-
cate the grid terminal lug. It you
followed the assembly instructions
closely, you will have a wire running

SECONDARY
OF L2 Q

Cs

(PIN 3)
Re  oFsOLE
>

Fig. 1-23. The detector circuit.

test cquipment, you may make a very
rough operation test of the circuit.
With all tubes in their sockets and the
set plugged in, turn the switch on and
allow the tubes to warm up for a mo-
ment. Touching the grid terminal
(pin 5) of the tube socket with your
finger or with a metal object, such as
a screwdriver blade or scriber, should
result in a clearly audible buzz in the
speaker. In doing this, be careful to
touch no other terminals. If you have

from the stator terminal ot the vari-
able condenser (front section) down
through a hole in the chassis, Connect
the free end of this wire to the grid
terminal of the r.d. coil. Make sure
that this wirce is as short and direct as
possible and that it is kept well away
from parts and from other wires. Be-
fore soldering the connection at the
coil, add the wire running from the
coil terminal to the grid terminal of
the tube, pin 4. Solder the connec-
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tions, then inspect your wiring to be
sure that it is short and direct. Re-
sistor R2 and condenser C1 are added
next, connected between the cathode
terminal  (pin 3) ol the socket and
chassis. As explained during the out-
put circuit description, these  parts
may either be connected directlyv be
tween the socket terminal and chassis
or they may be mounted on a e
strip. Be sure that the outside ol
connection ol the condenser (usually
indicated by a stripe on the container)
i1s connected to the chassis, When the
set wis assembled, vesistors RS and R}
were mounted on a tie strip located
near the 125]7 socket. This sub-as-
semibly is shown in Figure 121, and
the connections are clearly indicated.
Now, relerring o this sketeh and w
the circuit diagram, Figure 1-23, con-
nect the Iree end ol R3S o the sereen
terminal ol the tube socket, Ppin G,
Before soldering, connect one end ol
CH to this socket terminal. Connect
the remaining end of €5 to chassis,

ol

TO POINT “B"ON
FILTER RESISTOR
STRIP

R3 and R4 on the tie strip to point
“B” on the filter-resistor tie strip
(refer to Figure 1-20 for a drawing ol
this tie strip and location of point
“B”). This completes the detector
circuit wiring. As in the case ol the
output stage, a rough operation test
may be applied to this circuit. Touch-
mg the grid terminal of the socket,
pin L, should result in a loud busz in
the speaker. Remember  that  these
tests are not lully conclusive. It is
possible Tor trouble to exist in the
circuit even though the busz is ol
normal Joudness.  Adequate  testing
can be done only with suitable test
cquipment.,

How to wire the r.f. circuit

See Figure 1-25.

Fhe vt section is the largest unit
to be wired, because it includes both
the primary and the secondary of the
antenna coil, L1 as well as the volume
control. These parts are in addition
to the 125K7 tube and its associated

Ra

TO S0L6 GRID

but be sure that the chassis end s the
outside loil. Relerring to the detail
sketch, Figure 1-21, notice that R3
and R4 join ac the center of the three
terminal lugs on the tie strip. The
free end ol R (the right-hand end
in the sketeh) is now connected o
the plate terminal ol the socket, pin
8. Don’t lorget to connect the [ree end
of C6 (lelt unconnected in the pre-
vious job) to the plate terminal also.
Now run a wire from the junction ol

12547
Fig. 1-24. Assembly of R3 and R 1.

resistors and condensers. Connect pin
1. the shell, o chassis. Pin 2 was wired
with the heater circuit, so that you
may now proceed to pin 3, the sup-
pressor. This terminal is connected
directly to the chassis. The rear, or
antenna, section of the variable con-
denser has a wire connected to its
stator lug and this wire runs down
through the chassis. Connect it to the
grid terminal (pin 4) of the tube
socket. This circuit also includes the
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secondary of the antenna coil. Locate
the grid terminal of the coil by using
the instruction shect that came with
the coil. Connect a wire to this ter-
minal: then connect the other end of
this wire to the remaining stator lug
on the rear section of the variable
condenser.

All variable condensers have two
terminal connections to each set of
stator plates. 1t the condenser has
been mounted flat, as in the chassis
top view, the terminal lugs at the left
side of the condenser are already oc-
cupied. This means that the wire from
the antenna coil must be connected
to the terminal at the right side. I
the condenser is mounted on edge,
the terminals at the bottom are al-
ready in use and the coil wire is then
connected to the top stator terminal.
Be sure that both of the grid wires
are as short and dircct as possible.

=

be needed to locate the proper ter-
minal., Notice that condenser Cl1 is
also connected to this terminal of the
coil. 1t was suggested that the con-
denser be installed during assembly;
if this has been done, you now need
only to solder the connection. The
two remaining terminals ot the an-
tenna coil are to be connected to
chassis. Connect a short jumper wire
between the two coil terminals, then
run a wire from either one of the
terminals to chassis. Ground the cen-
ter terminal of the volume control to
the chassis. Locate the plate terminal
of the r.f. coil primary and connect
it to the plate terminal of the tube
socket, pin 8. Next, run a wire from
the screen terminal of the socket, pin
6, to the remaining coil terminal and
another wire from this same coil ter-
minal to point B on the filter-resistor
terminal strip. Finally, install the
12SK?

PRIMARY
oF L2

Fig. 1-25. The R. F. amplifier circuit.

Now run a wire from the cathode
terminal of the tube socket (pin 5)
to the volume control. This wire will
be rather long, so be careful to keep
it away from other wires. To locate
the proper terminal on the control,
face the shaft end of the control, with
the terminal lugs pointing downward.
The proper terminal is the one to
your right. Now wire the left-hand
termrinal lug of the control to the an-
tenna end of the coil primary. Here
again, the coil instruction sheet will

screen and cathode condensers, €2
and C3. Be careful to connect bcth
condensers with their outside foil ter-
minals to chassis.

Conneet the antenna wire to the
antenna terminal, turn the set on, and
advance the volume control all the
way to the right. You should now
hear sighals, although they may not
be as loud as expected. This is prob-
ably due to the fact that some align-
ment is necessary. If you do not have
a signal generator, align the set in the
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following manner: Tune in a signal
located as near the wide open posi-
tion ol the variable condenser as pos-
sible. AVithout changing the condenser
setting, turn cach of the trimmer
screws 0 as to obtain the maximum
signal strength. 1I, at the first urial,
you were unable to pick up a station
quite close to the open position ol the
variable condenser, try again. You will
probably find that, alter the prelim-
inary alignment, stations come in over
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the entire range. Sclect one operating
on a lrequency between 1500 and 1600
kilocycles and repeat the alignment.
If you intend to usc a tuning dial
calibrated in kilocycles, it will he best
to use a signal generator for the align-
ment. Adjust the generator to give a
1500-kilocycle modulated signal and
connect the generator cable to the an-
tenna terminal and chassis. Set the
receiver tuning dial at 1500 kilocycles.
Adjust the two trimmer screws to give
maximum signal strength.

TROUBLE-SHOOTING CHART

In constructing any radio receiver
the possibilities of delective parts and
incorrect wiring are always present.
If you wired the set [rom the sectional
diagrams and have made the simple

Trouble

Tubes do not light.

Oune tube fails to light, others light
brighter than normal.

Tubes light, but no signals: touching
grid terminal of 5016 does not give a

buzz: R8 overheats, but R7 does not.

Same as above, but both R7 and R8
overheat.

No busz when grid of 5016 is touched,
but neither R7 nor R8 overheat.

Buzz when 50L6 grid is touched, but
none at grid of 128]7.

Set operates, but signals are weak,

tests suggested, you have minimized
the chance ol trouble when the final
test is made, owever, a list ol com-
mon troubles and their causes is given
here for your convenience.

Causes
Delcctive wube, defective line resistor,
delective switch, missing or broken
connection in heuater circuit.

Heater terminal ol tube grounded to
chassis. Look for excess solder.

Look lor shorted filter condenser (first
scction) or ground in plate circuit of
H50L.6.

Shorted section of filter-condenser
ground in plate or screen circuits of
128K7 or 128]7 or in screen circuit
of H0L.6.

Defective output transformer, delec-
tive speaker, delective 5016 tube, R6G
not connected or open.

C6 open, R2 open or not connected,
delective 125]7, RS or R open or not
conncected.

Inefficient antenna, open  antenna-
coil primary, connections to r.l. or
antenna coil reversed, set needs align-
ment.
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Chapter 2

Two Advanced Receivers
with Phonograph

Combination

IN THIs chapter we deseribe the con-

struction ol advanced home radio
receivers. These sets will compare
favorably with good commercially
built scts as well as interesting the
experimenter. One is a very compact
receiver, the other a livingroom sct
comparable to highly priced com-
mercial products.

The first of these projects is a five-
tube superheterodyne for operation
from cither AC or DC supply. The
use of miniature tubes results in a
compact unit that is suitable for use
as a personal or “second” set—a valu-
able asset in any houschold in the bed-
room, guest room, or kitchen. It is also
easily adapted for use, together with g
manual or automatic record player, as
a table radio-phonograph combina-
tion. The circuit changes required for
adapting the set to this purposc are
explained after describing the con-
struction,

Continuing to offer alternative
methods of construction so you may
have as wide a choice of tubes and
components as possible, we should like
to point out that the G'T’ type tubes

’

or metal tubes, may be substituted for

the miniature tubes it you wish. The

only circuit changes this substitution
calls for are in the wiring (changes in
tube socket connections). The values
of parts remain the same. \Whether or
not additional chassis space will be
neceded depends upon your choice ol
components. I you sclect midget i.l.
transformers and variable condenser
and if the speaker is not larger than
the size suggested, it is entirely pos-
sible to build the set, using the larger
tubes, on the 3 by 10 inch chassis
originally specified, although some
rearrangement of parts may be re
quired.

Another variation described (or this
set 1s the substitution of a selenium
rectifier for the tube rectifier.

The sccond project in this chapter
is a six-tube a.c. superheterodyne. This
set is equipped with a push-pull out-
put stage and phono input, and in all
respects—volume, tone, and sensitivity
—compares with manulactured sets in
upper price brackets. If carefully built
it can serve as the principal. or living
room, sct in any home. Following the
description of the assembly and wiring
of this set, you will find instructions
for adding a tone control and an
clectron-ray tuning indicator,

FIVE TUBE AC/DC SUPERHETERODYNE

Circuit description

This project uses the famous and
popular “All American Five” super-
heterodyne circuit. First introduced

commercially almost a score of years
ago, it has become the standard of the
industry for small, compact sets and
has reappeared yearly with improve-
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ments aaud revisions, Inoaddition o
vast numbers ol these sets turned owm
cach vear by the plants, countless nume
bers have been built by home con-
SLEUCToLs.,

Operating lrom a loop antenna, it
will deliver excellent signal strength
over the entire hroadeast range in all
except the most remote locations, 11
the Toop antenna selected is ol the
proper dimensions, it will serve also
as o back cover lor the cabinet and
help 1o keep out duste Furthermore,
il vou use a loop having a prinmary
winding, an indoor or outdoor an-
tenna can be connected lor additional
pickup when the set is operated under
adverse conditions, The loop is tuned
by the rear section ol the variable
condenser.

Signals [rom the tumed cireuit just
deseribed are passed 1o the mixer
arid (erid no. 3 of 1the 12BES con-
vertar tuber see diagram, Figure 21,
Veothe same time, locally senerated

Fig. 2-2. Tube socket layout.

oscillator signals also appear in the
mixer cireuit. These oscillations are
developed in the taned circuit con-
sisting ol the oscillator coil winding
and the lront secton of the variable
condenser, The oscillator signals e
alwans 155 kilocyeles higher than the
signitls picked up by the loop.

\ter mixing ol the station signal
and the oscillator signal has taken
place, the resulting signal (the differ-
ence between the station sienal and
the oscillator signal)  passes through

ADIO AND TIT-FT SETS

the intarmediate hiequenes transform-
cis, which “screen out” any unwanted
sienalse At the same tme, the 12BA6
tloamplifier builds up the wanted sig-
nal and passes it on 1o the diode de-
tector section ol the 12N16 tabe, Fhe
12N16 s a dual purpose tube, serving
as detector and first audio amplifier.
It also supplies AVC voltages, which
we shall negleet for the moment. The
diode section ol the tube rectifies the
signal and the L. impulses are re-
moved by the filtering action of the
resistor RO (51,000 ohms), and the
two  bypass condensers C7 and  C8
(150 mmld. cach).

The audio portion ol the signal ap-
Pars across the 500,000-0him volume
control, R8. The desired amount of
this ~signal is taken from the volume
control and applied 1o the grid of the
triode section ol the 12016 through
the coupling condenser, C6. “I'he am-
plificd signal passes to the grid of the
heam power output tube, 5085, where
it s lurther amplified and puassed 1o
the speaker.

Heater voltages Lor all tubes are
taken divectly lrom the power line
through the use ol a series heater cir-
cuit. Plate and screen voltages lor all
tubes are supplied by the 35\W I recti-
her tube. Although o H-inch perma-
nent-magnet speaker is shown in the
drawings, vou may substitute a speak-
er ol any diamerer. Ha smaller one is
used, you can probably rearrange the
lavout so that a smaller chassis can
be used. 1 the speaker is 1o be larger
than 5 inches, vou will have to mount
it in some location other than on the
chassis.

Parts list

Resistors

R 150 olins, 1/2-watt carbon
RY 17 ohms, T-watt carbon

R3 2,000 olhims, l-watt carbon
R 170K ohms, 1/ 2-watt carbon
R> 130 ohms, T 2-watt carbon
RO 220K olhims, 172-watt carbon
R7 10 megohms, 1/2-watt carbon
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RS SO0K  ohms, volume  control
with switch

RY J1K ohms, |2-watt carbon

R10 2.2 megohms, 1/2-watt carbon

RI11 170 ohms, |, 2-watt carbon

R12 ISK olims, 1 Z2-watt carbon

Condensers

1 H0-50 mid., 150-volt electrolytic

2 02 mid., 100-volt paper tubular

(O 50 mid., 23-volt electrolytic

1 002 mid., H00-volt mica

CH 150 mmild., mica

6 02 mid., 100-volt paper tubular

7 150 mmld., mica

8 150 mmdd., mica

9 05 mld., 100-volt paper tubular

CI0 Two-gang tuning condenser,
13041700 mdd.  and  10-205
mmld.

1l H0 mmid., mica

G120 .05 mitd, 200-vole paper tubu-
lar

Coils
[.1 Loop antenna
1.2 Oscillator coil, Meissner  14-

LOH0 or cquivalent
Transjovmers
I't Output vranslormer, primary
mpedance 2,000 ohms, see-
ondary impedance 3.2 ohms
Stancor  \-5876,  Thordarson
22545, or Merit A-2928

e 155 K.Coomidget iron core
“vpe. Stanwyek
Speaker
PM dynamic, voice coil impedance 8.2
ohms. Jensen P3-X or Quam 5.\15

Miscelluneous

Line cord and plug

3 tube sockets, 7-pin miniature

2 2-point tie lugs

2 S-point tic lugs

6-32 serews, 3 N o 1 2 inch long

6H-32 hexagon nuts

R-32 x5 8-inch machine screws for
virrtable condenser

Chassis: 3 x 10 x -1, 2 inches steel or
aluminum (or 18 gauge sheet alum-
imum 6 8 11 inches)
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Push-back wire
Rosin-core solder
Tubes
F2BAG, 12BEG. 12\NT76, 5085, 55\W4

Chassis layout and assembly

I'his project can be built on a
chassis measuring % by 10 by 1-1/2
inches. It may be either of the pre-
lormed steel tvpe, zine plated or with
wrinkle black or grey finish, or made
ol sheet aluminam in the home shop.
Il you decide to make your own
chassis, you will need a piece ol 18
gauge solt aluminum stock 6 by 11
inches. As mentioned belore, you may
want to use a larger or smaller speak-
er. Moo d-inch speaker is used, the
clfassis length can be reduced. We do
not advise using a speaker smaller
than L inches. You may want to use a
speaker as large as 12 inches and, in
that case. it will have to be mounted
i the cabinet, or elsewhere, separate
from the chassis. Tt would then be
possible to rearrange the layout so
that not only the length, but the over-
all proportions of the chassis conform
to a particular cabinet you may have
m mind. By locating the 12BE6 con-
verter tube and the first 0. wans-
lormer to the rear of the variable
condenser, the chassis can be made
shorter  and  wider:  dimensions ol
about 5 by 7 inches would then be
about right. 'T'he top view ol the
chassis is shown in Figure 2-3.

Begin the chassis Tayout by drawing |
a light pencil line parallel with the
rear edge of the chassis and 1-1.2
inches rom it (We do not advise the
marking ol Ewvout lines with a serviber
or other ol such marks are difficul
to remove, no matter how lightly they
are drawn, and will spoil the appear-
ance ol the finished job)  T'he line
just drawn marks the centers ol the
SHWHL H0BH, 1216, and 12BA6 sock-
ets. The 12BEG socket, you will notice,
is not located on a line with the
others but is well forward of them,
with its center about an inch Irom the
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front edgce of the chassis. The exact po-
sition ol the socket, laterally, depends
upon the size ol variable condens-
er selected, but with an averagesize
condenser the center ol the socket will
be about 2-1/2 inches rom the right
end of the chassis. Locate the socket by
trial, placing it and the variable con-
denser temporarily in position on the
chassis. Now indicate the center of
*ach socket by marking a short inter-
secting line. Measuring along the pen-
cil line already drawn, make a mark
at 3/4 inch from the left ¢nd of the
chassis. This intersection marks the
center of the 35Wd socket. Lay out
other intersccting lines at 2 inches,
5-1/4 inches, and 6-3 /8 inches [rom the
end of the chassis. Make a center-
punch mark at cach of the interscc-
tions, then mark and center punch the
socket screw holes.

The next step is to locate the posi-
tion of the tuning condenser. The size

coincide and, while holding the paper
in position, press firmly over cach of
the mounting holes. This will mark
the positions of the holes on the paper.
Then place the paper in position on
the chassis and center punch through
the paper. It the condenser uses spade
lug mountings, it will be best to de-
termine the positions ol the holes by
measurenment.

Once the position ol the tuning con-
denser has been determined, you may
proceed to lay out the position ol the
first i.[. transformer. If you find that
you arc crowded for space because ol
the size of the tuning condenser, the
translormer may be located close to,
or even in contact with, the frame of
the condenser. Center punch the posi-
tions of the holes to accommodate the
spade bolts on the transformer. Midget
L. transformers arc of two varicties:
thosc having the usual wire leads and
those having four color-coded termi-
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Fig. 2-3. Top view of the chassis.

and shape of the unit you buy will
also determine the exact position of
the first 1.f. transformer. I[ vour con-
denser has tapped holes in the under-
side of the [rame, you will find that
the use of a paper pattern will help to
locate the holes in the chassis accurate-
ly. Cut a picce of writing paper the
exact size ol the bottom ol the con-
denser. Position the paper on the bot-
tom ol the frame so that all the edges

nal lugs in place ol the wires. If you
have the first type, lay out the posi-
tions ol the mounting holes (for spade
bolt or other type of mounting) and
then make a center punch mark in the
position to be occupied by the center
ol the transformer. This will later be
drilled out to a size large enough to
admit the wires. For the second type of
transformer, first mark the positions
ol the mounting holcs, then by meas-
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urement locate the positions ot the
fomr terminal lugs. Make a center
punch mark for cach. "T'his procedure
applies to both transformers. ani'(‘c
that the second translormer is locited
with 1ts center about 7 8 inch rom
the front edge of the chassis and mid-
way, laterally, between the 120776 and
12B.A6 sockets.

The exact positions ol the speaker
mounting holes will depend upon the
Gy pe of speaker. IE vou buy a speaker
with the output transformer already
mounted on the magnet hrame. vou
will save considerible work, but il vou
cannot get this type, you will have to
complete the assembly vourscll. Many
speakers have a plate for holding the
ansformer, and in most cases the
plate is already drilled lor the trans-
former mounljng holes. I your speak-
er does not have such a plate, vou will
have to make a clamp or bracket lor
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with one or more machine serews. The
locations ol the holes may now be
marked. Refer to Chapter 1. Figures
1-8A and 1-8B, for information on the
speaker mounting.

Referring o the underside view ol
the chassis, Figure 2-1, notice that the
center ol the volume control shaft is
about 7 8 inch [rom the end of the
chassis. This distance may be varied so
that the volume control and vartable
condenser shalts are an cqual distance
[rom the chassis ends. The position of
the shalt hole should be in the center
(vertically) ol the [ront chassis apron.
Alter marking and center punching
the position ol the shalt hole, note
whether the control has o locating
pin, or tab, as shown in Figure 2.5, 1f
there is such a pin or tab, its purpose
is two-lold: to enable you to quickly
locate the control so that the lugs
point downward and to prevent the
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Fig. 2-1. Underside view of the chassis.

holding the ranstormer to the frame,
Chances are, the speaker will have two
tapped holes in the underside of the
magnet rame or will have two brack-
cts welded o the frame. In either case,
layout involves merely marking the
positions ol the holes on the chassis.
When the speaker magnet [rame is
lastenced to the chassis, the rim ol the
cone Irame will project a considerable
amount below the top surlace of the
chassis, and 1t is a good idea to sceure
it to the Tront apron ol the chassis

control trom turning il the locknut is
not lully tightened. This 1ab or pin
iy be bhroken ofl il you wish, but it
is best 1o use it Measure the distance
from the center of the shalt to the
center ol the b and make a punch
mark in the proper place.

Locate and mark the positions of the
tie strips: their approximate locitions
are shown in Figure 2-6. 'T'hey need
not be pliced exactly as shown in the
drawing but should be close 1o the
tube sockets with which they are as-
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Fig. 2.5. Control locating pin,

sociated. The filter condenser can be
held in place with a single screw and
nut; locate and mark the position of
this screw now. The oscillator coil is
located close to the rear apron of the
chassis and about 1-3/4 inches from
the right end of the chassis. To com-
plete the layout, mark the positions of
the two screws used for holding the
loop antenna to the chassis.

Begin drilling by using a #25 drill.
This size provides clearance for a 6-32
screw, the size used lor mounting most
of the parts. The next step is to en-
large all of the other holes, cither with
a larger drill, with a punch or with a
rcamer. Tube socket center holes are
cut by first drilling the center hole
with a drill that is 1/52 inch larger
than the diameter of the capscrew used
with the punch. Follow this by punch-
ing out with a Grecnlee punch as de-
scribed and illustrated in Chapter 1.
A 5/8-inch punch is the correct size
for the sockets used in this set.
Incidentally, this size of punch may
also be used 1o punch holes lor the i.l.

transformer wires, il the transformers
arc ol that type. Il the terminal lug
type is used, drill the holes for the
lugs 1/4 to 5/8 inch in diameter. The
size will depend upon how accurately
you have located the centers of the
holes. After drilling, be sure to try the
transformers in position to make cer-
tain that none of the lugs touch the
chassis.

You may find that the tuning con-
denser is intended to be held in place
with 8-32 screws. If so, cnlarge the
holes already drilled with a #16 drill.
Drill the hole for the volume control
shalt with a 7/16 drill or enlarge to
size with a tapered reamer. Notice that
the loop antenna is held to the chassis
with two screws; these may well be of
the scll-threading variety. Use #6
screws about 1-1/4 inch long. A wood
block slightly under 1 inch thick is
used to space the loop from the chassis.
Never mount the loop against the
chassis. When all the holes mentioned
have been drilled and cut, you will be
ready to assemble the major com-
ponents of the set.

Assembly

Fasten the tube sockets in place
first. As cach socket is installed, you
might slip a soldering lug under one
ol its mounting screws. This will pro-
vide a convenient place for connecting
resistors and condensers to  chassis
when the wiring is in progress. Next,
install the i.f wansformers. If they
have wire leads, be sure to study both
possible positions of the transtormer

e 3
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Fig. 2-6. Approximate positions of the tie strips.
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before lLustening them in place. Sinee
they cam be turned through 180 de-
grees, theve will always be one |)C\l‘|)()-
sition in which the grid and plate
leads are as short as possible and do
HOL CTOS.

I'he variable  condenser, volume
control, fOlier  condenser,  oscillator
cotl, and speaker may now be lastened
in place. ‘T'here is no necd to install
the loop antenna until you are ready
to wire the converter stage; this will
lessen the possibility ol damage o it
Mount vesistors and condensers on tie
strips as shown in Figure 2-6 and fast-
en tie strips in place.

Wiring

In wiring this project, the “sec-
tional” method has been used. Wheth-
er you are a beginner or an experienced
constructor, vou will find this method
helpful, for it provides a systematic
procedure. Furthermore, a test pro-
cedure is given at the end of cach
step in the wiring, and by following
this you will be able to check on your
work as vou proceed. This, of course,
is a very eisy way to locate any trou-
bles that might arise. Instead ol re-
lerring to the complete diagram, use
the sectional diagrams. The complete
schematic is needed only for checking
and as a hmal reference.

Using this method, you will proceed
to wire the set stage by stage, or cir-
cuit by circuit. As the heater circuit is
distinct rom the rest ol the set, it
has been regirded as one section, or
circuit. The power supply consisting
ol the rectifier tube, filter resistor, and
filter condenser, comprises another cir-
cuit.

In [urther dividing the set into con-
venient sections, we find that the out-
put stage lends itsell to such division
with no vrouble ac all. "T'he detector-
first audio-AVC wbe, type 120716,
can conveniently be split into (wo
sections: detector and first audio. Of
course, the AV is a separate function,
but it is considered as part ol the de-
tector lunction.

RADIO AND HI-FI SE'I'S

In dividing the st into sections, we
have mtempted 1o make cach wiring
job as complete and as distinet from
the balance of the set as possible and,
at the same time, to keep it as simple
as possible. For instance, the 12BAG6
i.f. amplifier cannot be subdivided,
and when considered as a complete
unit is lairly simple. The 12BE6 con-
verter, on the other hand, scems to
divide casily into two jobs: the mixer
stage and the oscillator stage.

H you will try this method of wiring,
you will ind that it is well nigh im-
possible to make an error in wiring.
Then, il you do slip up somewhere,
vou will find that the simple test pro-
cedure will readily locate the mistake.

Here it will be well to note that
the power supply has two terminals,
marked “HI B plus” and “LOW B
plus.” This is clearly indicated in the
picture wiring diagram ol Figure 2.9,
which shows the assembly of the filter
resistor, RS, resistor R2, and the filter
condenser, C1, The use of a tie strip
climinates the unsightly and some-
times risky practice ol allowing re-
sistors and  condensers to hang by
their connecting  leads, which may
olten be quite long. Tice lugs are ad-
vised i all cases except when a re-
sistor o1 codenser may be directly
connected, with short leads, from a
fixed point such as @ socket terminal
to another fixed point such as a
chassis connection. It you will use this
method of construction you will elimi-
nate ahmost entirely, the possibility of
accidental grounds and short circuits
and your project will present a ncater
appearance. Notice that the resistor
R2 is connected between points 1 and
2 on the three-point tie strip, while
the 2,000-ohm filter resistor, R3, is con-
nected between points 2 and 3. One
positive lead of the filter condenser is
connected 1o point 2, while the other
runs to point 3.

Point 2 on the tie strip, or terminal
strip, has been designated as “HI B
plus,” and it is to this point that the
B-plus wire (usually color-coded blue)
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of the output transformer is to be con-
nected. The sereen of the output tube
(pin 6) is connected directly to point
3 on the tie strip. Also, the plate and
sereen connections of all other tubes
are wired to this poing, referred to as
“LOW B plus.”

By this time you probably have a
question: “\Why not take all B voliage
Irom one common point, instead of
using two scparate B-plus  connee-
tions?” "This is a very good question,
for the wiring in that case would be a
hit simpler. There is an excellent rea-
son, however, for going to the extra
trouble, and the answer to the ques-
tion explains much about present-day
set design and construction.

Al sets intended to operate from a
power line require some kind of filter
to smooth out the pulsations pro-
duced by the rectifier wibe. There
are two general types of filter cir-
cuit: resistance-condenser and choke-
condenser. The later type uses a
choke and usually two filter-condenser
scections, while the first (and cheaper)
type gets by with an inexpensive re-
sistor in place of the choke. The trou-

35wa

5085

12BA6

the output tube (which takes more
current than all the others combined)
Irom such a point in the filter svstem
that the current need not pass through
the resistor. “But,” you may ask,
“docsn’t this method allow unfiltered
current to reach the output tube
platez” The answer is no, because the
output transformer acts as a filter
choke. In wiring this set, just be surc
that only the B-plus lcad of the output
translormer is connected 10 “HI B
plus”: all other plate and sereen leads
go to “LOW B plus.”

How to wire the heater cireuit

Sce Iigure 2.7,

Belore starting 1o wire, reler to
Figure 22 which shows the tube-
socket layout for this sct. All five
sockets are alike, so only one diagram
is needed. Drill a hole in the rear
apron ol the chassis to accommodate
the line cord. To prevent the POossi-
bility that the chassis metal will cut
into the cord, fit a rubber grommet
into the hole. Pass the line cord
through the hole, measure the amount
necded to reach the on-off switch and

12BE6 12ATE

PILOT LAMP
TYPE 47

Fig. 2-7. The heater circuit.

ble is that the resistor-condenser filter
can be used on limited current only,
otherwise there is grave danger ol
overloading the resistor. Such filters
are often used in small sets with one
or two tubes. But the resistor-con-
denser filter is a lot cheaper and takes
up much less space than the other
type so, as you might expect, set de-
signers found a way to usce it on scts
cmiploying up to five tubes. T'he meth-
od is to take current for the plate of

the rectifier socket, then tie a single
knot in the cord. This will prevent a
strain on the cord-from tearing loose
any conncections. Scparate the two
wires with a razor blade, connect one
to the on-ofl switch and the other to
pin 4 of the 35W4 socket. Wire the
heaters in scries as shown in the dia-
gram, making sure that the wiring
order is as shown. Connect pin 4 of
the 12016 and the free terminal of
the on-ofl switch to chassis. Connect
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R, 150 ohms, to pins T and 6 ol the
33W4 socket. Conneet the pilot-limp
socket leads 1o pins 4 and 6 of this
socket. Inspect the wiring to be sure
that all connections have been made
and that all wre properly soldered.

How 10 test the heater eireuit

I'here are two methods ol testing
the heater civeuit, Which one you use
will depend upon whether or not vou
have an AC voltmeter.

Place the wubes in their respective
sockets, insert a no. 17 pilot Tamp in
the Tamp socket. connect the line plug
to a wall outlet, and wwrn on the
switch. Allow the tubes 1o warm up
lor a minute, then note whether they
appear to burn at normal brilliancy.
It the tubes do not light ac all, tarn
the switch olf, remove the line plug
from the outlet, and check the entive
heater cireuit for an open. Perhaps
vou fatled to make one connection or

35wW4
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11 the tubes appear to ight at nor-
mal brilliancy, check the heater volt-
ages with an AC volimeter. "This may
e done cither by measuring the volt-
age across cach of the heaters in wn
or by measuring from heater terminals
to chassis. I you choose the latter
method, here are the correct voltage
readings:

Tube Socket Tevminal  Voltage
120716 3 12
12BLE6 3 24
12B.AG 3 36
S0BH 3 36
S5W 4 117

lHow to wire the power supply
circuit

See Figure 2-8,

Comnect the plate of the 33W
(terminal 5) to the heater tap termi-
nal ol the same wube  (terminal 6).
With R2 and R3 mounted on the
three-point tic lug, as in Figure 2-9,
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Fig. 2-8. The power supply circuit.

there may he o connection that is not
properly soldered. 1M all connections
seem to be in order, check the conti-
nuity ol the heater ol cach tube. Even
though they may be new tubes, it is
possible for an open heater to occur.
I one or more tubes Tait wo light but
the others do, or il tor some reason the
tubes seem to be brighter than nor-
nal, trn the ser oll immediately.
Frouble ol this kind may be due to
an accidental short across the heater
terminals of a tube or a ground (usu-
ally duce 1o excessive solder) at onc ol
the heater terminals,

these resistors will then be in series.
Connect the (ree end of R2 o the
cathode terminal (7) of the rectifier
tube socket. .

Connect one of the positive leads
ol the filter condenser to the junction
point ol R2 and R3. (Note: The posi-
tive wires of the flter condenser will
usually both be red. Some condensers,
however, may lhave a red wire and a
blue wire. I this is the case, connect
the red wire 1o “HI B plus” and the
blue wire to “LOW B plus.”) The re-
maining flter condenser positive wire
is Lo be connected to point 3 on the tie
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lug, at the [ree end of R3. Conncect the
negative lead of the filter condenser
to the chassis.

How to test the power supply

circuit

a) Resistance Test. With an ohm-
meter, measure the resistance [rom the
cathode (pin 7) of the rectifier tube to
chassis. You will probably find that
the necdle of the meter at first swings
over to indicate a very low resistance,
then drops to a higher value. The
final rcading, when the needle comes
to rest, should be somewhere between
50,000 and 100,000 ohms. Reverse the
positions of the test prods and repeat
the test. You will most likely get the
same cffece as before, but in neither
case should the final reading be lower
than 50,000 ochms. A much lower rcad-
ing indicates a defective filter con-
denser. A\ short circuit reading would
indicate a ground at the point under
test. Repeat the tests just made at the
“HI B plus” and "LOW B plus” ter-
minals. The readings here should be
about the same as before. If all read-
ings are normal, the filter condenser
is in good condition and there are no
grounds in the circuit. Now measure

TO RECTIFIER CATHODE

NEGATIVE WIRE
TO CHASSIS

the resistance between the cathode of
the tube socket and the “LOW B
plus” terminal. A normal reading is
slightly more than 2,000 ohns.

b) Operation Test. With all tubes
in their sockets, connect the line plug
to outlet, turn the switch on, and al-
low the tubes to warm up lor a mo-
ment. H, during the warm-up period
or at any other time, you sce signs of
an overload or that a part is over-
heating, turn the switch off immedi-
ately and check for a ground in the
circuit. This may occur at the rectifier
cathode or at one of the tie points be-
cause of excessive solder or because a
strand of wire is touching the chassis.
Ol course, this cannot happen if the
resistance test has been made, but it
may develop if you luck a meter or
lailed to make the test. 11 a ground
develops at the tube socket it is quite
likely that the tube will be ruined.
Should a ground occur at one of the
other points, the life of your rectifier
tube will depend upon your ability to
turn the switch off quickly.

c) Voltage Test. Allow the set to
remain on and make a voltage test,
Use a DC voluncter {or this purpose:
the range should be not less than 150

TOQUTPUT TRANSFORMER

TO PLATES AND
SCREENS OF ALL
OTHER TUBES

TIE LUG (TERMINAL STRIP)
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volts, Tull scale. Measure the voltages
from "HI B plus” 1o chassis and [rom
“LOW B plus” 1o chassis. “HI B plus”
should show a reading of about 100
volts: the "LOW B plus” voltage
should be approximately 90 voles. It
all resistance and voluage readings are
normal, begin wiring the power out-
put stage.

How 1o wire the power output
eireuit

See Figure 2-10,

Il you are using a speaker that is
complete  with output ransformer,
vou will need to make no connections
between the transtormer and the voice
coil of the speaker. H you have pur-
chased the parts separately, you will
have to determine the primary and
sccondary sides of the transformer.
Most transformer primary wires arc
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your speaker does not have such a con-
nection you will have to run a wire
from one ol the terminals to chassis or
to the speaker frame. Connect the blue
wire ol the transformer to the plate
terminal  (pin 3) ol the tube socket.
Belore soldering this connection, con-
nect G Irom the plate terminal to
chassis. Connect the red transformer
wire to “HI B plus” and the screen
terminal ol the tube socket (pin 6)
to “"LOW B plus.” Twist the wire
leads of the resistor RH and condenser
C3 rogether, making several twists at
;ach end of the units. Now note which
end of the combination bears the posi-
tive end ol the condenser; connect this
end to the cathode of the tube (pin 2)
and the remaining end to chassis. Con-
nect R} between the grid of the tube
(pin 7) and chassis. Before soldering
the grid connection, connect one end

T
OQUTPUT TRANSFORMER

SPEAKER

%_EK

LOW
et

Fig. 2-10. The power output circuit.

color-coded blue tor the plate lead and
red for the B-plus lead. If you find
two such wires, your problem is solved,
for it is obvious that the remaining
two wires are the secondary and must
be connected to the voice coil. Con-
nect the secondary wires (usually hav-
ing cnamel insulation) 10 the voice
coil terminals in the most convenient
way: there is no “polarity” to be ob-
served here. On many speakers, one
of the voice coil terminals is con-
nected to the frame of the speaker; if

of C2 to the grid terminal. Notice that
the remaining end of C2 is not con-
nected: it will remain unconnected
until you wire the first audio circuit.

Inspect all wiring. Be sure that all
connections are well soldered. Keep
the plate lead ol the output wans-
former well away from the grid termi-
nal ol the tube.

How to test the power output
circuit
a) Resistance Test. With the tube
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in its socket, measure the-resistance
from terminals 2,5, 6, and 7 of the
socket to chassis. Ao take readings
from pin 6 to “LOW B plus” and
from pin 5 o “HI B plus.” Here arc
the readings you may expect: .
I'rom To Reading
pin 2 chassis 150 ohms

pin5 chassis not less than H0K
pin 6 chassis not less than 50K
pin 7 chassis 170K

pinb “HIB plus” approx. 200 ohins
pint “Low B plus” ohms

~1

b) Toltage Test. Connect the plug
to outlet and turn the switch on.
When the tubes have warmed up,
measure DC voltages  (using 150-volt
range) Irom plate, screen, and cathode
to chassis. Also measure the voltage
lrom grid to cathode. When measur-
ing cathode and grid voltages. a range

Ce
02MFD.

1

terminal of the tube socket, pin 7. In

doing this, be careful not to create a
short circuit or to touch any terminal
connected to the B-plus terminals, 1{
the stage is working, you will hear a
moderately loud buzz in the speaker.

A phonograph can be used to give
a much better indication of how well
the stage is working. Connect the
inner wire of the ph(monl.lph pl(Lup
shiclded cable to the grid terminal of
the tube socket and Lhc outer shield
to the chassis. Start the phonograph
and note the volume obtained. It will
not be as loud as an average radio set,
but should be distinetly audible. A sig-
nal generator, il available, may also be
usced. Connect as before, with the in-
ner wire to the grid and the shield to
the chassis. The signal should be
clearly audible in any part ol a large
roonn.

0 [} ]
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Fig. 2-11. The first audio circuit.

lower than 150 may be used. Note that
the reading from grid 1o cathode will
be in the reverse direction compared
to the other readings. Normal read-
ings are: Plate 100 volts, sacen 90
volts, cathode 6 volts, erid —6" volts.

c) Operation Test. 11 you have no
test equipment, this will be the only
test made. With all the tubes in place
and the set turned on, allow the
tubes to warm up for a moment. The
purpose ol the operation test is to de-
termine whether the stage is [une-
tioning as intended. It can be made
in several ways, T'he simplest—but not
the most conclusive—method must be
used il you have no equipment at all.
Holding a short picce of bare wire be-
tween your fingers, touch the erid

How 1o wire the first audio circuit

See Figure 2-11.

As menuoned before, the 12016
circuit can conveniently be divided
into two sections: the first audio cir-
cuit and the detector-AVC circuit.

Resistor R6 should be mounted on
a two-point tie lug, as the resistor
leads will not be long enough to span
the distance between the 12016 sock-
et and the B-plus tie point. Connect
Rb6 and C) to the plate terminal of
the socket. You will recall that in
wiring the power output circuit one
end ol C2 was left unconnected; this
is now connected to the plate terminal
ol the 12AT6. Connect the [ree end
of C5 to chassis and the frec end of
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R6 o the "LOW B plus” terminal.
The cathode terminal of the socket
is connected directly 1o the chassis.
One end of R7 and one end ol €6
may now be connected to the control
grid terminal (pin 1). Connect the
lree end ol R7 to chassis; the other
end ol CH remains unconnected until
the detector circuit is wired.

How 1o test the first audio cireuit

a) Resistance Test. This test s
quite similar to the one perlormed
on the output civeuit, 'I'he list of st
points and readings o be expected
lollows:

I'yom To Resistance

pin 7 chassis over 270K ohms

pin 7 ULOW B 220K ohms
plus”

pine 2 clissis 0 oliuns

pine b chiassis inlmity (on aver-

age low-priced
meter)

by Poltoge Test. Take readings as

that vou have forgotten to complete
connections to R6, or that pin 7 of the
tube socket is grounded to the chassis
by excess solder, or perhaps that Ch
is shorted. If all readings are normal,
vou are ready to proceed with the
operation test.

c) Operation Test. A rough test can
he made by touching the grid terminal
with a piece ol wire, as described un
der esting the output stage. In this
case. however, the buszz should be
very much louder since you now have
two stages ol amplification. For a
more claborate test, use a signal gen-
crator or  phonograph as  outlined
above, conmecting the inner wire ol
the phono or generator cable to the
orid terminal of the socket and the
shield to chassis. In either case the
signal should be as loud as one from a
set or small amplifier, Tf cither test
tails 1o produce a signal, the possible
causes are a ground at the grid er-
minal or a defective wtube. Il you get
a Laivly loud hum with no external
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Fig. 2-12. The diode detector and AVC circuit.

desaribed under testing the power out-
put stage. Fhe test points and normal
readings wme:

Ivom To Reading
pin 7 hassis 45 volis
pin 2 Chassis 0 volts
pin | pin 2 0 volts

Lack ol plate voliage usually means

connections to the grid terminal of
the tube, look for a missing connee-
tion in the grid circuit.

IHow to wire the diode detector and
AVC eireuit
See Figure 2-12,
As we have intimated, this circuit
comprises  two  stages:  the  detector
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AVC TO GRID RETURNS
OF 12BE6 AND 12BA6

TORg

Fig. 2-13. Attaching resistor R10 and condenser €Y.

and the AVC, or automatic volume
control. The detector, ol course, does
the work of changing the inaudible
signals from the iL0L stage into audible
ones, T'he automatic-volume-control
feature will be explained more fully
Later in this book. Tlere, it is suflicient
to know that this circuit automati-
cally maintains all signals at che same
volume level, regardless ol how weak
or how strong they are when they
reach the antenna. The circuit con-
sists ol two pares: the resistor R10
and the condenser €Y. Mounting and
wiring is shown in Figure 2-13.
This littde cireuit is vital to the
proper  perlonmance ob the project
and the values ol the parts must be
exactly as specified: no substitutions
are permissible. Ao, be sure to con-
nect the outside foil ol G99 (the end
ol the condenygr having a siripe) o
chitssis. For neatness and case ol wir-
g, it will be advisable to mount RY
and R10 on tie lugs. €7, C8, and €9
nay then he connected Trom the tie

points to chassis as shown in Figure
2-11. Notice that the two diode plates
ol the tube (pins -5 and 6, Figure
2-12) are connected together. The
cathode of the tube is not shown con-
nected in the diagram, since it was
previously connected during the wir-
ing ol the first audio stage. For the
simte reason, one end ol C6 is not
shown connected in the sketch as it
is already connected to the grid ol
the first audio, I you have any trouble
determining the correct volume-con-
wol connections, refer o Figure 3-18.\,
in Chapter 3.

How 10 test the diode detector-

AYC circuit

a) Resistance Test. This part ol
the test is quite simple and consists
merely ol measuring the resistance
[rom one of the diode plates (pin 3
or 6) to chassis. The reading should
he approximately 550,000 ohms,  If
you get a reading considerably lower
than this value. look lor a cround

Fig. 2-11. Connecting C7, C8 and Y from tie points to chassis.
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somewhere in the circuit. For instance,
if you get a reading of about 50,000
ohms, vou have a ground at the point
where R8, RY, and R10 meet. .\ read-
ing of only a few ohms points to a
ground at the junction of the if.
transformer and R9.

b) Voltage Test. There are no volt-
ages measurable with ordinary instru-
ments: consequently, no voltage test
can bhe made.

c) Operation Test. An  operation
test cannot he made without a signal
generator. Il vou have a generator,
connect the cable leads to the primary
wires ol the second i.f. translormer
(these are the red and the blue wires
and are not yet connected) . Adjust
the generator to deliver a 455-kilocycle
modulated signal and turn the attenu-
ator or output control of the gener-
ator to maximum. If you do not hear
a signal with the generator tuned to
155 kilocycles, sweep the generator
tuning dial back and forth slowly.
Most i.l. translormers are pre-adjusted

GREEN
SECONDARY OF
FIRST IF
TRANSFORMER
BLACK
(BAVC

RADIO AND HI-FI
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audible note heard in the speaker
will probably be about halt as loud
as the signal heard when testing the
first audio stage.

How to wire the i.f. amplifier
cireuit

See Figure 2-15.

In wiring this circuit, be sure to ob-
serve the colors of the i.f. transformer
leads and to remember that the pri-
mary ol the second (or output) il
transformer is connected in the plate
circuit ol the tube, while the second-
ary ol the first (or input) transformer
is in the grid circuit. Connect the
blue wire of the second wransformer to
the plate (terminal 5) of the 12B.AG
socket, and the red wire to the “LOW
B plus” tie point. \When wiring the
secondary ot the input transformer,
connect the green wire to the grid
terminal of the tube socket (pin 1).
The black wire is then connected to
the AVC tie point. If vou will refler
to Figure 2-13, you will see that this

PRIMARY OF
SECOND IF
TRANSFORMER

RED

o 6 LOW B+

Fig. 2-15. The i.f. amplifier circuit.

at the lactory and you should hear a
signal somewhere in the vicinity of
455. 11 vou do not, set the generator
dial at 455 and allow it to remain
there. Now carclully adjust the two
trimmer condensers located on the i.f.
transformer. On some transtormers,
both adjustments will be on top of
the transformenr shield; on other types,
one will be located on top and the
other underncath. Adjust both so that
you get maximum  volume. The

is the center terminal on the tie strip
which holds R10 and C9. Connect re-
sistor R11 directly from the cathode
terminal ol the socket (pin 7) to
chassis. Complete the wiring by con-
necting pin 2 (the suppressor grid)
to chassis.

How 10 test the i.f. amplifier circuit

a) Resistance Test. Check resist-
ance values as indicated helow. Read-
ings from pin 2 to AVC point and
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from pin 5 10 "LOW B plus” may
ary somewhat with the type of if.
transformer used. ‘T'he readings given
here are average values.

Irom To Reading
pin 7 chassis 1700 ohms

pin I chassis 2.7 megolims
pin 1 AVC poim 0 ohms

pin 2 chassis 0 ohms

pin 5 chassis over 50K ol
pin 5 “LOW B plus” 50 ohms

pin 6 chassis over H0K ohn
pin 6 “LOW B plus” 0 ohms

b) Voltage Test. Take readings at
points indicated below and compare
with the normal readings listed.

How to wire the mixer circuit

Sce Figure 2-16.

As mentioned belore, the wiring
of the 12BE6 converter has been di-
vided into two sections: mixer and
oscillator. If you will look at Figure
2-16 you will notice that two of the
grids and the cathode have been
omitted. This is not an error but has
heen done purposcly because these
electrodes will not be connected until
we conte to the oscillator circuit, As
you will see, the blue wire of the first
if. transformer is connected to the
plate (pin 5) of the wube socket, while
the red wire is connected to “LOW B
plus.” Pin 6, the sereen, is connected

From To Reading directly 1o “LOW B plus.” The stator
pin 7 chassis 3 volts ol the variable condenser (this is the
pin I | chassiy 0 volts larger of the two sections) is con-
pin 2 chassis 0 volts nected to pin 7 ol the wube socket.
pin 5 chassis 90 volts When you cxamine the diagram you
pin 6 chassis 90 volts will find that C10 seems to consist of
1286
8LVE
7 6
L é
LOOP
ANTENNA ‘\\CIO
> TUNING CONDENSER PRIMARY OF
4 FIRST IF
Cu P TRANSFORMER
o1
<

Oave

o

Fig. 2-16. The mixer circuit.

) Operation Test. The operation
test is the same as that for the detec-
tor circuit and can be made only
with a signal generator. The pro-
cedure is exactly the same except
that_ the generator leads are to be
conmected to the red and the blue
wires ol the hrst 11 tansformer.
With the trimmers correctly adjusted
for maximum signal, the note heard
in the speaker should bhe almost as
loud as in the Arst audio test.

two condensers in parallel. You need
not worry about this, because one ol
the condensers is the trimmer and is
already connected 1o the main con-
denser,

F'o determine the proper loop an-
lenna connections, reler to Figures
2-17A and 2-17B. (Incidentally, these
diagrams apply equally well to loop
antennas used with other sets.) First
examine the loop, and note whether
the primary, or antenna, winding is
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]
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SRID AN AR
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Fig. 2-17A. Loop antenna connections, primary on outside.

on the inside or the outside. The
primary winding will be the smaller
of the two and will usually consist ol
two or three turns. If the primary
is on the outside, then Figure 2-17A
applies to your case. Notice that the
beginning (inside wire) ol the large
winding is to be connected to the
grid of the mixer tube, and the end is
connected o the AVC point. The
start. ol the small winding is con-
nected 1o chassis through C12, while
the remaining end is to be connected
to an external antenna, when used.

I1, on the other hand, you find that
the small winding  (primary) is on
the inside of the loop, use Figure
2178, In this case, connect the start
of the large winding to AVC point
and the end to the tube grid. The
primary - winding  connections  are
then: end of winding to  chassis
through C12 and beginning 1o the
external antenna.

How to test the mixer circuit
a) Resistance Test.  Check  resist-

ance at points indicated below and
compare with the normal values given.
FFrom To Reading
pin 5 chassis
pin 5 "LOW B plus” 50 ohms
pin 6 chassis
pin 6 “LOW B plus” 0 ohms

pin 7 chassis 2.7 megohms
pin 7 AVC point 2 ohms

b) Voltage Test. The cathode has
not yet been connected, thercfore a
voltage test cannot be made until the
oscillator circuit has been wired.

¢) Operation Test. For the reason
given above, an operation test can-
not be made until the oscillator cir-
suit is wired.

How to wire the oscillator circuit

Sece Figure 2-18.

The oscillator circuit wiring is fair-
ly simple, but there are one or two
precautions to be observed. First ol
all, make sure that the connections to
the oscillator coil terminals are cor-
rectly made. If you use the type of

GRID
Ahh___SND
f\JVV\L
AVC A

Fig. 2-17B. Loop antenna connections, primary on inside.

over H0K ohms

over H0K ohms
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coil specified in the parts fist. it will
he accompanied by an instruction
sheet that will show you the right
wity to wire it. I you huy another
nype, try to get a connection diagrim
lor it: otherwise you will have the
hother ol checking  continuity  and
trying to determine the lug arrange-
ment yoursell. Using the coil specified
in the parts list, a small condenser,
CIT in the diagram, is connected
irom the oscillator grid (pin 1), to
the top end of the coil winding. Some
mikes do not require this condenser,
but in such instances the coil will
always have an exura terminal lug,
In that case, check continuity between
Al terminals and, i you find one that
shows no continuity with any other,
that 1s the extra terminal. In this
type of coil a “gimmick” has been
wsed 1o take the place ol CI1. Figure
2.19 shows how this works. The gim-
mick is nothing more than a turm ol
wire wound around the coil winding
proper. One end ol the gimmick is
connected to a terminal, the other
end s lree. Capacitance between the
cimmick and the coil winding takes
the place ol C11,

How to test the oscillator and mixer
circuits .
a) Resistance Test. NMeasure resist

ances at the points indicated and com-

pare with the normal values.

I'rom To Reading
pin I chissis 18K ohms

pin 2 chassis 1 ohm

pine 5 chissis over HOK ohms
pin 5 “LOW B plus™ 50 ohms

pin 6 chassis over D0K ohins
pin 6 “LOW B phn” 0 ohms

pin 7 chitssis 2.7 megohns

b) Volinge Test. The normal volt-
age readings are given bhelow. Note
that the voltage at the oscillator grid
(pin 1) is negative. Fhis reading
cmnot be taken unless you have a
high resistance  instrument,  preler-
ably an elecoronic voltmeter. But if
vou have such & meter and find that
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Fig. 2-18. The oscillator circuit.

the negative grid voltage is not pres-
ent, it is a fairly sure indication that
the oscillator civeuit is not working.
Checking an oscillator circuit is usu-
ally difficult, and there is no simple
operation test that can be made.

“rom 0 cading
I 1 Reading
in |1 chissis -8 volts
]

pin 2 chassis 0 volts
pin > chassis 90 volts
pin 6 chassis 90 volts
pin 7 chassis 0 volts

¢y Operation Test. With the tubes
warmed up, connect the sighal gener-
ator to pin 7 and to chassis. Adjust
the sencrator to give maximum out-

SOCSS

““

\:‘::::,‘
«»'

oS
OISO
g

Fig. 2-19. A “gimmick™ on a coil.
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put at 455 kilocycles, and proceed as
in testing the detector and i.l. circuits.
Il no signals are heard at first, adjust
the i.f. trimmers.

When the operation test on the con-
verter has been completed, the set is
almost ready 1o go into operation, In
lact, it is more than likely that vou
will hear broadcast signals at this
point. However, for maximum per-
formance, the alignment must be com-
pleted. 1T you made the various opera-
tion tests carefully, the LI adjustments
will probably be close to correct and
all that remains is to adjust the an-
tenna and oscillator trimmers located
on the tuning condenser.

To make these adjustments, con-
nect the high side ol the generator

TO AVC RESISTOR

SHIELDED CABLE

I
/—CJ X

PHONO PICKUP

AND HI-FI SETS
to the gencrator cable. Now adjust
the gencrator to deliver a modulated
signal at 1620 kilocycles.) Turn the
oscillator trimmer (the one located
on the smaller section of the tuning
condenser) until you get the loudest
signal. While making this adjustment,
the tuning condenser should be fully
open.

Now readjust the generator to give
a signal at 1400 kilocycles, and adjust
the tuning condenser on the set lor
maximum signal. Allow the tuning
condenser to remain at that setting
and adjust the antenna trimmer (lo-
cated on the larger section ol the con-
denser) until the signal is as loud as
possible. T'his completes the align-
ment.

12AT6

e mla

RADIO

Sw2 (SHOWN IN RADIO POSITION)

I—V TO GRiD OF 12AT6

Fig. 2-20. Connecting a phono jack to the receiver.

(the inner wire of the cable) to the
free ¢nd of the loop-untenna primary
winding and the shield to the chassis.
(Note: il your loop does not have a
primary winding, you will have to use
an alternate method of coupling the
generator to the set. Make up a coil
ol wire, using five or six turns. The
coil should be about the same size as
the loop antenna. Place the coil quite
close to the loop and connect its ends

Ardding phono input

Connccting a phono input jack and
switch to the receiver just described
is a simple matter. Aside {rom the
phonograph, the parts needed are: a
regulation two-contact phono jack and
plug, enough shiclded cable to run
from the phonograph pickup to the
set, and a single-pole double-throw
switch. .\ toggle switch may be used
for this purpose, but a rotary switch



ADVANCED RECEIVERS WITH PHONO COMBINATION 55

TO SR

240N

3 4 3 4
$08S 12BA6  12BE6 12AT6

Fig. 2-21. Converting to a selenium rectifier.

is more convenient. Drill a hole in the
rear ol the chassis opposite the volume
control to accommodate the jack, and
fasten the jack in place. It @ rotary
switch is used, drill a hole for it in
the front apron of the set. Disconnect
the high end of the volume control
(this is the right-hand lug when fac-
ing the control shalt) from the lower
end of RY (sec Figure 2-20), but do
not disturb the AVC connection at
this point. Run a new wire from the
wop end of the control to the moving
contact of the switch. One fixed termi-
nal of the switch is now connected to
the point formerly occupied by the
high end of the volume control, while
the remaining terminal is wired to
the “hot” terminal ol the phono jack.
Ihe ground »ide ol the jack is con-
nected directly to chassis. This com-
pletes the wiring change in the re-
ceiver.

You may find that the phonograph
can be placed close enough to the set
so that the original pickup leads will
he long enough. II this is not the case,
add enough shielded cable o reach.

LINE RESISTOR

AW—

Be sure the outer shield ol the cable
is connected to the grounded pickup
terminal. You will gencrally find a
metal strap at this point. When con-
necting the plug to the cable, make
sure that the outer shield is connected
to the outer shell ol the plug. .

Selenium rectifier conversion

For-one reason or another you may
wish to use a selenium rectifier in
place of the tube rectifier originally
specified. To make this change, two
parts are required: the selenium rec-
tifier and a 210-ohm line resistor.
Figure 2-21 shows the heater-civcuit
changes necessavy. Notice that the
heater ol the 35\W4 tube has bheen re-
moved rom the civcuit and the line
resistor connected in its place. The
pilot Tamp and R1 have also been re-
moved.

In the power supply circnit, only
two wiring changes are required. Alt-
er installing the selenium rectifier,
disconnect the wire at pin 7 (the ca-
thode) of the tube and connect it to
the plus terminal ol the selenium rec-

Hi Low
8+ e+

C1

Fig. 2-22. Power supply for selenium rectifier.



56 BUITLD YOUR OWN

12AT6

Fig. 2-23. How AVC operates.

tifier. Remove the connection from
the plate of the rectifier tube (pin 5)
and connect it to the remaining termi-
nal of the selenium rectifier. Discon-
nect the other end of this wire and
reconnect it to the power line end ol
the 2:40-ohm resistor.

Automatic volume control

The set just described incorporates
automatic volume control. Without
this feature we would find that the
variations in power and distance of
the various broadcast stations would
scri()usly affect the operation of the
set. If we happened to be tuned to a
weak signal and then retuned to a
stronger one without resetting  the
manual volume control, the strongcl
signal would cause blasting. On the
other hand, tuning from a strong to
a weak signal would prove equally
objectionable, for then the weaker
signal might be entirely too weak [or
good listening without readjustment
of the manual control. This condition
is remedied by the use ol AVC,

Relerring to Figure 223, you will
sce that signals reaching the diode
detector are rectified by the tube and
caused to flow in one direction. This
direction is from cathode to diode
plate within the tube, then downward
through the i.l. transformer, through

RADIO AND HI-FI SETS

R9 and RS, and to chassis, as indi-
cated by the arrows. Current then
flows through the chassis back to the
cathode of the tube. The amount of
current flowing in this circuit depends
upon signal strength.

Current flow through R8 develops
a voltage across R8 and, since current
always flows from minus to plus, the
top end of R8 will be minus compared
to chassis. The amount that this point
is minus will depend upon the signal
strength. Thus we have a variable
negative potential at the top end of
RS, controlled by signal intensity.

The gain, or amplification, of the
1ZBAG and 12BEG tubes depends up-
on the negative voltage applied to
their grids. And, you will note, the
grids are connected to the AVC point
in the circuit. If we tune from a weak
signal to a stronger one, more nega-
tive voltage is developed at R8. This
higher negative voltage, applied to
the grids of the 12BE6 and 12BAG,
reduces the degree to which these
tubes amplily the signal, and thus the
over-all volume of the set is kept con-
stant. Just the reverse happens when
we tune from a weak signal to a
stronger one. Not only does this fea-
ture compensate lor differences in sig-
nal strength, but also serves to keep
the output of the set constant in the
cvent that fading of signals takes
place.

Sometimes it is desirable to sep-
arate the lunctions of the detector and

12AT6

AVC R10

M.
L

Fig. 2-24. Separate AVC diode.
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automatic volume control, and then
the civcuit shown in Figure 2.24 is
wsed. Here, the diode |)|:.Il(’.s are not
connected together, but one (terminal
6 ol the tube) s used solely as de-

tector, while the other one performs
the Tuncton ol AVC rectifier. In
cither circuit, R10 and C9 are used
to filter out the il impulses present
i the signal.

SIN-TUBE AC-OPERATED RECEIVER

This project is a six-tube superhetero-
dyne, designed for AC operation only.
It uses two 6VOGT tubes in the out-
put stage and is capable of delivering
a power output ol ahout seven watts.
Another feature of the set is the
phonograph input jack and rvadio-
phonograph  switch.  In ~(~n.xi|i'\'ily,
power output, and tone quality this
project is equal to many commercial-
ly built sets in the upper price brack-
ets. I well constructed and installed
in a suitable cabinet, it may  well
serve as the fiving room set in your
home. Although metal tubes are speci-
fied lor the converter, i4., and dctec-
tor-first-audio stages and the GT 1y pe
ol tubes in the other sockets, tube
type substitutions arce possible. G'I’
tubes may be used in place ol the
metal tubes, but it would then be ad-
visable to fit the il and detector-
first audio tubes with metal shiclds.,
Miniature tubes may also be used in
the first three stages: suitable types
are: OBLG converter, 6BAG 1L, ampli-
ficr, and 6NT6 detector-list-audio.
Il you observe the ditferences among
socket  terminal  connections, vou
should have no ditliculty in making
such substitutions, for all part values
remain the same and there will be
no difterence in the perlormance ol
the sct.

Circuit deseription

The complete civeuit diagram s
shown in Figure 2-25. Except for the
oscillator circuit, power supply, heat-
¢r wiring, and output creuit, it re-
sembles the one used in-the five tibe
AC, DC superheterodyne and o com-
plete deseription ol its operation s
NOL NCCessary.

You will notice that the oscilliator

coil used is of the tapped, single-wind-
ing varicty. Otherwise, the converter
circuit is sinmilar to that used in the
previous project.

The output stage uses two tubes
in o phase inverter circuit. This re-
sults in power output about double
that Irom one tube, together with a
sitbstantial reduction  in distortion.
There are many schemes for atilizing
two output tubes. The oldest of these
is the familiar push-pull circuit, which
requires a special input transformer
with center-tapped sccondary,  [How-
ever, sood quality transformers ol
this type are quite expensive while
the results obtained with cheap trans-
[ormers are not fully satisfactory, En-
gineers have therelore developed a
number ol “phiase inverter” circuits
that climinate the input tansformer.
The idea bhehind all of these circuits
is the development ol signal voltages
(for the grids of” the two output
tubes) that are opposite in phase. In
some such civcuits, an additional tube
ix used to give the desired phase in-
version, but in this set the inversion
is provided by resistor Rt and con-
denser G Because the signal appear-
ing at the sereen of any tube is out of
phase with the grid signal voltage, we
may we this out-ol-phase voltage to
provide an inversion at the erid of
the opposite tube of the i,

‘The power supply circuit in this
set differs materiathy from that used
in any ol the preceding projects. Line
voltage is stepped up to 550 volts by
the power tramstormer, "'l This high
voltage is vectilicd by the full wave
rectifier, wype 5YSGT, Filtering is ac-
complished by meuns of the resistors
R1 and R2 and the three-section hil-
ter condenser, C2. Plate voltage for
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the ‘output stage is taken Irom point
I on the filter vesistor terminal suip:
thus the output ransformer must take
part in the filtering action. Screen
voltage lor the output circuit is tiken
from point B: this voltage is filtered
by RI and the first two sections ol
C2. Al other plate and screen voltages
are taken from point ¢ on the re-
sistor terminal strip: these voltages
are filtered by both R1 and R2 and
all three sections ol the filter con-
denser.

Heater voltages tor all tubes except
the rectifier are supplied by the 6.3-
volt winding of the power transform-
er. Another low voltage winding, 5
volts in this case, supplies the heater
ol the SY3GT rectifier.

The phonograph circuit comprises
the phonograph jack and the double-
pole double-throw stide type of switch,
SW20 One set ol contacts  transfers
the high side ol the volume control
(rom the lower end ol the second i.f.
translormer to the phonograph jack
for record reproduction. At the same
time, the remaining set of contacts on
SW2 disconnects the screen of the i,
amplifier from it voltage supply: this
cllectively prevents radio signals from
mterfering with recorded music.

Yarts list

Resistors

R 2700 ohins, I-watt carbon
R2 1,000 ohms, T-watt carbon
R3 270 ohms, T-wiatt carbon

Rt 52,000 ohms, 1 2.watt carbon
R5 I megohm, I 2-watt carbon
RO 270K ohm, | 2-wate carbon
R7 270K ohm, I 2awatt carbon
R¥ 270K ohm, | 2awatt carbon
R\ 10 megohm, | 2awatt carbon
R 16 2 megohm, 1 Zawate carbon
R J00K ohm volume control,

with switch (SW1)

R12 300 ohin, | 2-watt carbon
R13 100K ohm, 1 2-watt carbon
R LOOO ohm, 1 2-watt carbon
R15 100K ohm, 1T 2watt carbon
R16 ISK ohm, 1 2awatt cmbon

C1

2

G

C1H

16

17

11

e

12

Condensers
AM5mlid., 100-volt, paper wibu-
lar
30-20-20 mid., 150-voly, clec-
trolytic (aluminum can, ver-
tical-mounting type)
200 mifd,, 25-volt, electrolytic
(tubular tvpe)
01 mild., 600-vol, paper wubu-
lar
O mild,, 600-volt, paper tbu-
lar
02 mild., 600-volt, mica
002 mild., 600-volt, mica
D1 mid., 100-volt, paper tubu-
lar
0001 mid., mica .
A5 mid., 400-volt, paper tubu-
lar
omlds, 200-voly, paper tubu-
lar
mldl, 600-volt, paper tubu-
lar
Jdomids, 600-volt, paper tubu-
lar
Jomid, 600-volt, paper tubu-
Llar
Variable condenser, two-gang
superheterodyne  tvpe  (see
d-tube receiver for specifica-
tions)
A5 mid., H00-volt, paper tubu-
lar
A0 mmld., mica
Transformers
Input LI, tanstormer, 155
KC: Stanwyck S-105 or
equivitlent
Output il wansformer, 155
KC: Stanwyek S-106 0 or
cquivalent
Power vansformer:  high
voltage, 350-0-350 volts at
90 m.a.: heater, 6.3 volts
at A0 amps orectfier, 5
volts at 3 amp. Stancor
tpe P-1079 or equivalent
Output  vransformer, |)u.\h-
pull type, 3.000 ohm pri-
mary. | ohm xcmn(l;u‘}:
Stancor  type  \-3823 or
Thordarson type 12887
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Fig. 2-27B. Cushions for mounting the variable condenser.

Coils
11 Loop antenna
A Oscillator coil, tapped single-

winding type

Switches

SWi1 On-off switch, part of volume
control, RI11
SW2 Double-pole  double-throw,

slide type
Speaker
Permanent magnet dynamic: any size
may be uscd, since the speaker is
not mounted on the chassis; voice
coil must have 3-4 ohm impedance.
Miscellaneous
Chassis 6 x 12 x 3 inches
6 octal waler-type tube sockets
1 4-pin waler-type socket
1 speaker plug, I-pin: Amphenol type
86 PN or equivalent
1 2-point tie strips
1 3-point tie strips
6-32 x 3,8 inch r.h. machine screws
6-32 hexagon nuts
1 10-24 x 172 inch r.h. machine screws
(for power translormer)
4 10-32 hexagon nuts
Line cord and plug
Push-back wire

Rosin core solder
Tubes
GSA7, G6SK7, 68Q7, 6V6GT (2),
5Y3GT, and (lor tuning indicator)
6L, 6GH

Layout, drilling, and assembly

The arrangement of parts on top
of the chassis is shown in Figure 2-26.
While minor departures from this ar-
rangement can be made, try to pre-
scrve the general layout so that com-
ponents are as close as possible to the
tubes they are associated with.

Perhaps the most logical beginning
is the layout of the screw holes for
the power transformer, since the size
and position of this largest unit of the
set will influence, to some degree, the
placement of other parts. Locate and
punch mark the positions of the sock-
cts, i.f. transformers, antenna coil,
and filter condenser next.

The underside view, Figure 2-27A,
shows the placement of major parts
located beneath the chassis. Screw
holes for fastening the variable con-
«denser, oscillator coil, phonograph
switch, and phonograph jack should
now be located and center punched.

VOLUME
CONTROL

TONE CONTROL CONDENSER

O

VARIABLE

Fig. 2-28. Front apron view of the chassis.



ADVANCED RECEIVERS WITH PHONO COMBIN A TON 63

olTJo _©mono JACK
RADIO PHONO
SWITCH
SPEAKER
O | ‘socker

O

LINE CORD

Fig. 2-29A. Rear aproh view of the chassis.

Notice that the undenide view also
shows the terminal arrangements of
the tube sockets. You may now locate
the two large holes (shown at the lelt
ol Figure 2-27\) for the power trans-
former leads.

The Iront apron view of the chas-
sis, Figure 2-28, shows the positions of
the volume control, variable con-
denser, and tone control shafts. Note
that the tone control is optional. On
the rear apron of the chassis, Figure
2-29A, are the speaker socket, phono-
graph jack, radio-phono switch, and
the hole for the line cord.

When the lavout has been com.

METHOD

SCRIBE RECTANGLE ON CHASSIS

OOOOO

DRILL SMALL HOLES JUST INSIDE
BORDERS OF RECTANGLE

v
d

AJ\/\/\I\/\/\AJ\;

CUT QUT WITH COLD CHISEL

FILE TO SHAPE

Fig. 2-29B. Two methods for cutting rectangular hole in the chassis

pleted and all the locations center
punched, drill, as usual, lor clearance
ol & 6-52 screw. The one exception is
the hole [or the radio-phono switch,
which will be considered below. Holes
to be enlarged are: tube socket center
holes, 1-1/16 inch; holes for i.f. trans-
former wires, 5/8 inch; holes lor pow-
cr transformer leads, 5/8 o 8/4 inch:
volume control, tone control, and
variable condenser shalts, 7/16 inch:
line tord, 1/2 inch: speaker socket,
1-1 /16 inch; variable condenser screw
holes, 7/16 inch. 'I'he size ol hole for
the phono jack will depend upon the
type of jack to be used. Holes up to
METHOD 2

SCRIBE RECTANGLE ON CHASSIS, SCRIBE CENTER LINE

2
N AN

ON CENTER LINE,DRILL HOLES HAVING DIAMETER !
EQUAL TO SHORT SIDE OF RECTANGLE

FILE TO SHAPE



64 BUILD YOUR OWN

1/2 inch may be enlarged with a
reamer or large drill: larger openings
should be cut out with a sheet metal
punch.

In almost all cases, the slide type of
switch will require a rectangular hole
in the rear ol the chassis. Therce are
two methods ol cutting such an open-
ing, both illustrated in Figure 2-29B.
For cither method, first scribe the out-
line of the rectangle in the proper
place. Ordinarily, pencil marks are
recommended for layout, but in this
case a more permanent mark is re-
quired and turthermore the layout
lines will be obliterated when the rec-
tangle is inished. If you prefer to use
the first method, drill a series ol holes
just inside the borders ol the rectan-
gle, as in the sketch. The exact size

RADIO

AND HI-FI SETS

side) ot the rectangle. Carefully cen-
tering the drill on the center line,
drill as many overlapping holes as
will fit into the space. (Three holes
are shown in the sketch, but you may
necd one or more than three.) Finish
by filing to the scribed lines with
round and fHat files.

Mounting parts will proceed in a
conventional manner, so no descrip-
tion is needed other than some notes
on the mounting ol the variable con-
denser. You have observed that this
item is not mounted flush against the
end apron of the chassis, but is spaced
away from it. The reason for this is
that the condenser is mounted on rub-
ber cushions to prevent microphonic
action. Whether this is necessary will
depend upon where you place the

6V6GT 6V6GT 65Q7 6SK7 6SA7
2 2 7 8 [2
T
POWER TRANSFORMER
6.3v PILOT
LAMP
Ct L
O5MFOD
T By v
SY3G6T
Swi
2 8

Fig. 2-30. Wiring the heater circuit.

)

ol the drill is not too important: 5/32
inch diameter is about right. Alter
drilling, cut rather close to the scribed
outline with a cold chisel. This- will
leave a cut-out that looks like the
third drawing under method 1. Using
a small flat file, file away the serra-
tions until you have worked down to
the seribed lines. In the second meth-
od, a center line must be drawn par-
allel to the longer sides of the rec-
tangle. Select a drill with a diameter
slightly less than the width (short

speaker, Il you use a table type ol
cabinet with the speaker at one end
of the cabinet (or in any case, rather
close 1o the chassis), this type ol
mounting is essential. For a floor-
model cabinet (or with speaker in a
separate cabinet), it may be dispensed
with. In the latter case, fasten the
condenser against the right end apron
of the chassis, using the ordinary
mounting. 'I'he mounting holes should
then be drilled for 8-32 screws. Of
course, this will change the location
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m
POWER TRANSFORMER
3s0v
350
L] —— L
- .
5Y36T

+ + +

30 20 20
MFD. MFD. - MFD. -
T . T T

Ry R2
2700n

1000

Fig. 2-31. Wiring the power supply.

of the shalt hole and the volume con-
trol will also have to be shilted
slightly to prescrve a symmetrical ap-
pearance.

The rubber mountings shown in
Figure 2-27B can be obtained from
any large radio supply house and
consist ol three parts: a 1,2 inch
screw, @ metal bushing with a (lat end
that serves as a washer, and a rubber
grommet 3/4 by 5 /16 inch with a deep
groove. To assemble, force the grom-
met into the 7/16 hole in the chassis

TERMINAL STRIP,

with the thicker part of the grommet
toward the inside. Push the bushing
into the hole in the grommet, place
the condenser against the grommet,
and then slip the screw through the
hole in the bushing and thread it
into the tapped hole in the condenscr
frame. With this type of mounting, a
short heavy wire connection is needed
between the condenser [rame and
chassis.

When placing the il transformers,
be sure to turn them so the plate and

FILTER CONDENSER

>
8 SUPPLY FOR

. .-
TO SPEAKER SOCKET

AND CENTER TOP ON

OQUTPUT TRANSFORMER

ALL TUBES EXCEPT

6V66T's
PRIMARY RI R2
2700n 2700~
T0 OUTPUT
TUBE SCREENS

Fig. 2-32. Wiring the filter resistors and condensers.
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Cs
OIMFD,
<._I |
|
Ré
TO PLATE OF 6507 o
SPEAKER SOCKET
AR o}
3 02,
R? R4
270k 5000n
Y

TO POINT"B"ON
POWER SUPPLY
RESISTOR STRIP

TO POINT "A" ON
POWER SUPPLY
RESISTOR STRIP

Fig. 2-33. Connections to the 1-pin speaker socket.

erid leads will be as short and direct
as possible. Note that it will bhe nec-
essary to fasten the 6V6GT socket at
the extreme left in place betore put
ting the volume control in position,
because the socket lies partly under
the conurol. The control may be tem-
porarily removed. il necessary, in or-
der o complete the wiring to the
tube socket.

Wiring

a)y Heatey Civeuit. Figure 2-30. Note
that, as in all tansformer types ol
sets, the tube heaters arce wired in
pirallel. Connect one end ol the pow-
cr ransformer 6.3 volt winding (leads
we wsually green) o pin 2 ol the

SPEAKER [ 4 0
PLUG

T2

6VOGT tube at the extreme lelt: the
other end of the winding is connected
1o pin 7 ol the same tube. Ground pin
7 1o chassis. Now run a wire from pin
2 of the wbe to pin 2 of all other
tubes except the 68Q7 and 5Y3GT.
On the 65Q7, connect o pin 7 in-
stead, Complete this portion ol the
wiring by connecting the lollowing
tube socket pins to chassist pin 7 on
the remaining 6V6GT and on the
6GSA7 and GSK7: pin 8 on the 6507,
Connect the line cord to the priman
wires  (usually black) ol the wans-
lormer: note that one wire runs to
the primary by way of the switch.
Connect C1 o one ~ide ol the line

OQUTPUT TRANSFORMER

SPEAKER

JE ¢

Fig. 2-31. Wiring the speaker plug.
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6sQ7

Cce
01MFD

~—

VOLUME
CONTROL

I Csa
Cs

MMFD,
10
Re 6V6GT
270K
= GRID

\
TO POINT “C" ON
POWER SUPPLY
RESISTOR STRIP

Fig. 2-35. The first A. F. circuit.

and to chassis. Wire the rectifier heat-
cr circuit (the transformer leads are
usually yellow) . Since these leads pass
near the phono jack, it is best to
twist them together to prevent hum
pickup.

b) Power Supply. See Figure 2-31.
Wire as shown in the sketch. The
high voltage leads will probably be
red, the center tap red and yellow.
Be sure to connect the three units of
the filter condenser exactly as shown.
The coding of the sections will be
marked on the condenser can. Refer
to Figure 2-32 for additional details
on the wiring of the filter resistors
and condensers.

¢) Output Circuit. The output
stage wiring is shown in Figure 2-33.
Wire exactly as shown in the draw-
ing, being careful to connect C4 be-
tween the screen of the upper 6VoGT
and the grid of the lower one. Ob-
serve that resistor R4 is between the
screen of the upper tube and the B
supply, while the screen of the lower
tube is connected directly to B supply.
Thesc precautions must be observed,
otherwise the stage will not function
properly. Figure 2-33 shows the con-
nections to the 4-pin speaker socket,
while 2-34 illustrates the wiring ol
the corresponding plug.

d) First A.F. Ciraut. See Figure
2-35. No special comments are needed
here.

e) Detector-AVC Circuit. The wir-
ing of the entire circuit is shown in

Figure 2-36. Figure 2-37 is a detailed
drawing of the phonograph portion.
Notice that the wire from the switch
to the volume control must be shield-
cd. Use regular shielded wire or, if
this is not available, cover a length
of stranded, well-insulated wire with
woven shielding. Be sure to ground
both ends of the shield to chassis.

f) LF. Amplifier Circuit. This cir-
cuit includes one set ol contacts on
the radio-phono switch. The full i.f.
amplifier circuit is shown in Figure
2-38. For further details on the switch
wiring, reler back to Figure 2-87.

g) AMixer Circuit. This section of
the set is illustrated tn Figure 2-39.
If you have trouble identifying the
loop antenna wires, reler back to
Figures 2-17A and 2-17B.

Iy Oscillator Circuit. Refer to
Figure 2-40 for a sectional diagram of

65Q7
s
SECONDARY OF
SECOND If -
TRANSFORMER
Rio
2 MEG,
ave IS R Co
o Cro © Y
65K7 05 .
AND MFN,
6547 Sw2
Rn ToCe
600K

Fig. 2-36. The detector-AVC circuit.
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RADIO-PHONO SWITCH

PHONQ JACK

{
|
SECONDIF |
TRANSFORMER|
|
\

125Q7

TO POINT "C" ON
POWER SUPPLY
RESISTOR STRIP

Fig. 2-37. ’hono portion of the detector-AVC circuit.

the oscillator dircuit, 1t the coil you
have is intended 1o be used with a
coupling condenser between the o
cillator arid ol the wube and the wop
cnd ol the coil, use a 50 mmfd. mica
lor this purpose. Il no condenser is
needed  (gimmick used instead) there
will be four, instead of three, terminal
lugs. Check the continuity between
abl terminals: when you find one that
has a wire connected to it but checks
open, it is the one 1o which the gim-
mick s connected and should be con-
nected divectly 1o pin 5 of the tube

SECONDARY
OF FIRST +F
TRLNSFORMER

socket, with no condenser between.

If you did not reccive, or have lost,
the connection diagram for vour oscil
Litor coil, the terminals can be identi-
lied by measuring the resistance with
a low-reading ohmmeter. You will gct
threc readings, which we shall refer
to as high, medium, and low. The
highest reading applies, ol course, to
the entire winding, [rom start to end.
“T'he medium reading is from the top,
or grid end, ol the coil to the cathode
tap, while the lowest reading is be-
tween the cathode tap and the chassis

Cn
mrn.g
TO AVC POINT N

PRIMARY OF
SECOND IF
TRANSFORMER

Ri3
100K

A\

Ri4
1000~ > C13

Swa

TO POINT"C*ON
POWER SUPPLY
RESISTOR STRIP

Fig. 2-38. The full i.f. amplifier circuit.
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L

L
I (VARIABLE CONDENSER)
Cls :—l

l.osum

TO AVC POINT

PRIMARY OF
FIRST IF
TRANSFORMER

-
Ci4 RIS
mro.$ %IOOK
\

y
TO POINT “C"ON
POWER SUPPLY
RESISTOR STRIP

Fig. 2-39. Components of the mixer circuit.

end of the coil.

iy Tone Control Circuit. If you in-
tend to add a tone control to the set,
refer to Figure 2-11 for the diagram.
The connections to be added are in-
dicated by the dotted lines.

1) Electron-ray Tuning Indicator.
See Figure 2-42. A type 6U5/6G5 tube
is used as an indicator. It will not only
show when the set is correctly tuned
to the desired signal but, since it is n
eflect a vacuum tube voltmeter, it will
also give a rough indication of the
relative intensity of station signals.
Once you have become accustomed to
using it, you will be able to detect
quickly any change in the sensitivity
of the set due to a laulty tube or other
causes. Furthermore, it may also be
used as an indicator when aligning
the set. Additional parts needed:
6UBG tube, 6 pin socket, l-megohm
1/4-watt carbon resistor, connecting
wires. All ol the parts may be pur-

€SA7

R1&
18K
Cis

OSCILLATOR
CoiL

L2

Fig. 2-40. Oscillator circuit.

(VARIABLE CONDENSER)

chased in kit [orm, including a special
six-pin molded socket and brackets
for mounting. Some kits also include
a panel-mounting bezel.

Alignment

When the set is completed, it must
be aligned, and this cannot be prop-
erly done without a signal generator.
With the set and generator turned on
and warmed up, connect the inner
wire ol the generator cable to pin 8
of the 6SA7 tube and the outer shicld
to chassis. The tuning condenser on
the set should be [ully meshed. Adjust
the generator to deliver a modulated
signal at 455 kitocycles. With the re-
ceiver volume control turned all the
way up, adjust the signal intensity at
the generator so that the sound heard
in the speaker is barely audible. Now
adjust the wimmers on both i.f. trans-
formers [or maximum volume: as each
adjustment increases the volume, turn

.

I —

Re®

Fig. 2-41. Tone control circuit.
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6U5

{MEGOHM
/4 WATT

y
TO POINT "C" ON
POWER SUPPLY
RESISTOR STRIP

‘ig. 2-12. Electron-ray tuning indicator.

down the generator output control to
keep volume at a low level. It the set
is equipped with the electron-ray tube,
You may use it as a visual alignment
indicator,

When the LI vimmers have been
carelutly adjusted, disconnect the gen-
crator cable Irom the set. Fashion a
coil of a lew turns ol wire and place
it close to the loop antenna. Connect
the generator cable to the ends of the
coil. Adjust both the receiver variable

condenser and the generator to 1500
kilocycles, and again adjust the gen-
erator output control so that the sig-
nal is barely audible. Adjust the os-
cillator trimmer condenser (rear sec-
tion of the variable condenser) and
the antenna wimmer (front section
ol the variable condenser) for maxi-
mum response. Here again, the elec-
ton-ray indicator will be useful in
visual alignment indication. This
completes the alignment.



Chapter 3

Tips, Tricks and Short-

culs

Tms chapter will furnish you with
information that will cnable you
to construct any of the projects in this
book with a minimuwm of difhiculty
and with the assurance that if you fol-
low instructions carefully, the project
will perform satislactorily.
Experienced radio men use tech-
niques in chassis layout, assembly and
wiring—call them “tricks of the trade”
il you will—that often save time, occa-
sionally save money, and always en-
able the set builder to turn out a
product that has a neater appearance,
is more ruggedly constructed, and is
less likely to develop “bugs” in opera-
tion. Some of these techniques will be
discussed here. None of them is espe-

PARTS

Heading the list of questions most
often asked by constructors arc those
relating to the substitution of a slight-
ly different part for the one men-
tioned. A typical question is: “Your
diagram calls for a .01 audio coupling
condenser. Will a .02 condenser work
just as well?” Perhaps the material to
follow will answer similar questions
that may have puzzled you.

Resistors

In almost all radio and clectronic
equipment a deviation of twenty per
cent from the specified value of a car-
bon resistor is permissible. There are
certain exceptions of course; some-
times the circuit will not perform well
unless a resistor is within five per cent
(or in some instances two per cent)

1l

or Constructors

cially new or revolutionary; they arve
known to professionals, but are all too
often neglected by constructors.

In addition to these general guides
and helps in construction, this chapter
-will also discuss the possibilities ot
parts substitutions—always a pertinent
question among set builders. In this
connection, remember that the parts
list that accompanies cach project will
list parts by manufacturers’ numbers
only when substitutions are unavail-
able or not desirable. Whenever a
specialized part is needed (as in the
case of an output transformer, i.f.
transformer, or the like) two or more
manufacturers’ parts numbers will be
given if equivalent parts are available.

SUBSTITUTIONS

of the rated value. Howcever, when
such exceptions occur in this book,
your attention will be directed to
them.

Bear in mind that the tolerance of
twenty per cent mentioned means
twenty per cent cither above or below
the assigned value. Thus, a 100,000
ohm resistor might be as low as 80,000
or as high as 120,000 ohms and still
do the job. In emergencies, it is olten
possible to install a resistor that devi-
ates as much as fifty per cent trom the
rated value; this will enable you to
complete the job without delay, but
you must regard such a substitution
as only temporary and replace the re-
sistor with one of correct value as soon
as possible, even though the project
appears to work moderately well.



1 BUILD YOUR OWN RADIO

N

Fig. 3-1.\. Screen bypass condenser.

Carbon resistors are nuwde in watt-
ages ranging from /16 watt upward:
those ol higher wattage. as you prob-
ably know. are targer physically and
thus are better able o throw off heat.
A higher-wattage resistor may always
be substituted [or one of lower watt-
age, provided, ol course, that you have
the space lor it In fact, in many ap-
plications  (output-tube cathode  re-
sistors  and  voltage-divider resistors
among  them) the use of a higher
wattage than specified may be quite
heneficial: the Lurger resistor will dissi-
pate more heat in the event of an
overload.

Condensers

Fixed condensers are most olten
used in coupling, bypass, and filter
applications. Neglecting for the mo-
ment the audio amplifier cathode by-
pass condenser, we find that in most
cases, r.l., LI, and converter screen
and cathode bypass condensers range
m vilue from .05 to .1 microfarad.
This applies 1o appuaratus intended

AND HI-FI SETS

7

Fig. 3-1B. Cathode bypass condenser.

for the hroadeast range: lor short-wave
work, these values are usually lower.
The common application ol a screen
hypass condenser is shown in Figure
3-1AL 5-18 shows the arrangement of
the usual rl. cathode bypass con-
denser,

Withiir reasonable Timits, there is
1o harm in substituting o higher value
ol screen or cathode bypass condenser
lor the onc specified: hifty per cent
would seem to be a reasonitble limit.
However, under no circumstances is-
it sale o use a lower value: quite
often, this will lead to such undesir-
able elfects as oscillation.

The most common value ol audio
coupling condenser (sce Figure 3-2)
is .01 microlarad. (Incidentally, some
books and articles refer to this as a
blocking condenser.) lHere again, sub-
stitution of a higher value is possible,
although the capacitance should never
be greater than .05 microlarad. Use
ol a lower value is sometimes per-
missible, although you run the risk
ol losing some ol the bass notes if this
1y carried too lar, since a smaller value

-

——— S .

-

B8+

Fig. 3-2. Use of the audio coupling condenser.
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of condenser is less able to pass the
lower notes.

In selecting electrolytic condensers
vou have considerable latitude; ex-
amination of several small AC/DC
sets will prove this to be true, for the
filter condensers run from 16 to 50
microfarads. A good rule to follow is
to use an 8 to 10 microfarad condenser
for AC operated (transformer-type)
sets and from 20 to 30 microfamds in
universal or AC/DC receivers. You
may always use higher values than
those just mentioned, it you have
such values at hand. However, you
will gain little, for doubling the size
of a filter condenser (above the values
just stated) does not double the filter-
ing eflect. Always keep in mind that
the use of higher or lower values is
not suggested as an improvement but
as an expedient when you do not have
the value specified but do have some
other value.

Some set construction articles may
call for the use of a dual electrolytic
condenser; of course, two separate
units, each of the specified value, will
work as well. Figures 3-3A to 3-3D
show how such substitutions may be
made. Figure 3-3.\ shows a standard
dual condenser, with the internal con-
nections indicated by dotted lines. Fig-
ure 3-3B shows how to connect two
single units to give the equivalent of
the dual. This can also be applied in
the event of failurc of one section of
a dual unit or should you find that
vou have on hand a dual unit with
only one good section or with the
connecting lead of one section cut so
short that it cannot be used. Simply
connect the negative lead ol a single
unit to the common negative wire
(generally black) of the dual unit.
Then connect the positive wire ol the
single unit to the point where the
positive lead of the dual unit would
ordinarily be connected.

Occasionally a set design (or an ex-
isting set) may require what is known
as a ‘“‘common positive” condenser.
This means that instead of having

?l

+!+
L
I
——
- -

§
L
b———

i
A

Fig. 3-3A. A dual condenser.

the negative terminals of the two
units connected together within the
case, as in Figure 3-3A, the two posi-
tive wires are connected, as shown in
the drawing of Figure 3-3C. An ar-
rangement to give the equivalent of
such a condenser, using two single
units, is shown in Figure 3-3D. Of
course, you must be careful to ob-
serve the connections of condensers
of this type, for one negative wire of
the combination is not connected to
ground or to chassis but to some
other point.

All paper and electrolytic condens-
ers are marked with the working volt-
age. You must be careful always to
use a condenser having a working
voltage as high as or higher than the
voltage specified in the parts list or
schematic diagram. Failure to observe

+
o
s
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g e
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Fig. 3-3B. Two units éct as dual.
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Fig. 3-3C. A “common positive.”

this will usually result in damage to
the condenser and possibly to other
parts in the set. Here is a list ol 1m-
portant condenscr applications, to-
vether with recommended working
voltages:

Filter Condensers
AC sets 175 volts
AC/DC sets 150 volts
Sereen Bypass Condensers
AC sets 100 volts
AC/DC sets 200 volts

Coupling Condensers

AC sets 400-600 volts
AC/DC sets 200 volts

Antenna Series Condensers

all sets 200 volts
Cathode Bypass Condensers (paper)
all sets 200 volts

Cathode Bypass Condensers
(electrolylic)

output stage 50 volts

first al. stage 25 volts

In some sets, low voltage elecuro-
Iviic condensers, listed in the table
above, are used for cathode bypassing,.
Such condensers arc commonly made
in values ranging from 5 to 50 micro-
farads. Usual working voltages are 25,
35, and 50. The 25 volt condenser is
suitable for usce in the early stages of

an audio amplifier, as the cathode
voltages developed in such stages are
ordinarily well within the 25 volt lim-
it. For most power amplifier stages it
is generally safer to use 50 volt con-
densers, Inall such applications, ob-
serve the voltage rating recommend-
cd in the parts list or diagram; the
condenser you use may have a higher
voltage rating, but never a lower.
Another point to be stressed is po-
larity. Figure 3-1 shows how to con-
nect an clectrolytic bypass, with the
positive terminal toward the cathode.
I'his diagram also shows how a dual
condenser may be used for cathode
bypassing in both the first audio and
output stages of a set or amplifier.

In the matter ol variable condens-
ers, vou have no choice but to use the
exact value mentioned in the parts
list: if, for example, the design calls
for .000365, a .0003 will not do as
wello Furthermore, many  designs
specily both the maximum  (lully
meshed) and minimum  (open) val-
ues ol the condenser to be used. If
vou do not follow the recommenda-
tions precisely, you may find that the
tuning range of the sct is narrower
than expected and that either the
high or the low [requencies cannot
be received.

A tew words on the two widely dii-
lering types ol variable condensers
available may be helpful. Two- or
three-gang condensers for use in TRF
receivers are made with the roto
plates in any one section, or gang,

B+¢r e
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Fig. 3-3D. Two positive units.
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of exactly the same size and shape as
the rotor plates in the other scctions.
Most superheterodynes, however, use
a condenser in which the plates in
one gang (the oscillator section) are
smaller and of different shape than
those in the other sections. This dil-
terence in rotor-plate shaping is used
to maintain a frequency diflerence
between the oscillator circuit and the
other tuned circuits. This frequency
difference is almost always 456 kilo-
cycles; however, therc are condensers
designed for other frequencies. T'o be
on the safe side, it is well to specily
the frequency wanted when you pur-
chase the condenser.

Variable condensers are  usually
mounted on the chassis in one of two
ways (assuming, ol course, that the
condenser is to be rigidly mounted
and not “floating” on rubber). In
one method, spadc lugs are used. The

I

will not work, to say nothing ol pos-
sible irreparable damage to the con-
denser.

Coils

In more elaborate projects, it is al-
ways well to follow instructions given
concerning coils. Usually the design-
er will recommend coils ol a specific
make, by part numbers. lle is not do-
ing this to boost the sales ol a manu-
facturer but because he has found that
the items mentioned will definitely
do the job. OI course, the variation
between coils ol dillerent make is
sometimes insignificant. For instance,
unshielded antenna, r.f,, and oscillator
coils for use in small AC/DC sets are
fairly well standardized. Let us sup-
posc that you are constructing a five
tube superheterodyne. The diagram
specifies a 000365 two-gang variable
condenser, tapped single-winding os-

2 |
——

W n—
mm

e

Al

DUAL ELECTROLYTIC
CONDENSER

Fig. 3-1. How to connect an electrolytic bypass.

spade lug, which is riveted or other-
wise fastened to the condenser [rame,
passes through a hole in the chassis
and carries a hexagon nut on the un-
der side. Where this mounting is
used, the condenser usually comes
with spade lugs already riveted to the
frame. The other method of mount-
ing consists of a machine screw pass-
ing up through a hole in the chassis
and threaded into a tapped hole in
the underside of the condenser frame.
In using this method of mounting you
must be particularly careful to sclect
machine screws that are not too long;
it they are, they may project far
enough through the tapped holes so
that they touch the stator plates. 1f
this happens, the stator plates will
be grounded and, of course, the set

cillator coil, and an antenna coil. If
you buy the coils in a reputable store
or supply house and if you specify
that they are to be used in the same
set, the chances are excellent that you
will get a set of coils that will per-
form well. The same thing applies to
TRF receivers—as long as the two
coils match, the set will operate sat-
isfactorily. It is possible, of course,
that the tuning range might be slight-
ly less than intended, but this is often
unimportant.

Belore leaving the subject of coils,
it is well to mention that substitution
of iLI. transformers can only be made
under certain conditions. Certainly
it is understood that il the writer
specifies 456 K.C. transformers, no
other frequency will do. No substitu-
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ton is possible here unless changes
are made in other parts. Be sure to
use iron-core translormers whenever
the desien calls lor them.

ARRANGEMENT

While compactness is often desirable
in the construction of a piece of radio
or clectronic cequipment, this aim is
olten carried too far with the result
that  oscillation, excessive hum, or
other unwanted effects appear. There
are cases where ultra-compactness iy
really necded: this is olten necessary
because the unit must fit into an un-
ustally small space or must be made
portable. In such cases, you will prob-
ably find that you will have 1o use
more than ordinary care in the -
rangement of parts, in the assembly,
and in the wiring, it the unit is 1o
work as expected.

I you will exiimine almost any fac
torv-built radio receiver, you will i
mediately  noge  three  things:  the

An auto tire pump can be
used to clean hard-to-reach
parts like tubes and condensers
that require occasional dusting.

Il these points e carvefully ob-
served, substitutions are possible, pro-
vided that the substitute parts will
tit into the space available.

COMPONENTS

chassis scems to be larger than neces-
sary, the wiring scems 1o be rather
haphazard, and, most important ol
all, the signal, in its progress [rom
antenna  to  speaker, follows  what
might be called a “straight-line signal
path.” If we carelully analyze these
three characteristics, we find that, first
of all, the apparent waste of chassis
space is not o waste at all; the design-
er arranged the parts so signals from
one stage would not interfere with
another stage. Secondly, what appears
to be haphazard wiring is rcally the
result ol @ carefully planned wiring
schedule: the final position and di-
rection ol many ol the connecting
wires have been determined only after
considerable thought and, perhaps, a
areat deal of trial and error.

Our interest at this point centers
around the [ayout and arrangement
of the major parts of the set. Figure
3-5 shows the “straight-line signal
path” arrangement mentioned before.
Notice that in [ollowing the arrows
representing the progress of the sig-
nal, there is nowhere a retracing or
doubling back ol signals. This is im-
portant, because where such retrac-
ing occurs there is a much greater
chance of oscillation and other un-
wanted eflects. A project planned in
this way will generally have a better
chance of operating satisfactorily.

Another result of the straight-line
construction is that all ol the com-
ponents belonging o any one stage
are grouped closely together and the
connecting wires are therefore as
short as possible. It is a well-known
fact that unduly long wires (especial-
ly grid and plate wires) arc a common
cause of oscillation. This, by the way,
is one of the most troublesome eflects
encotmntered by constructors.,



TIPS, TRICKS AND SHORTCUTS n

-

<
N

RECT. #OUTPUT DET.
ISTAF

L.F CONV.

L

Fig. 3-5. A “straight line signal path” layout.

It follows that better separation be-
tween stages results from the straight-
line construction. Look at Figure 3-6.
Here the chassis has been made con-
siderably smaller and it has been nec-
essary to “bunch up” the various
parts. Notice that the signal, in pass-
ing from antenna to speaker, traverses
a zig-zag path. Not only are critical
grid and plate leads made longer, but
also it is more likely that they will
approach each other too closely or
will run parallel for considerable dis-
tances. Referring back to the straight--
line design of Figure 3-5, you will sce
that where unshielded glass tubes are
used, the i.[. transformers, {or exam-
ple, offer some measure of shielding

between tubes and thus help prevent
interaction. This shielding eflect may
not be possible with the type of con-
struction shown in Figure 3-6. Finally,
a set using straight-line construction
is usually much easier to wire and pre-
sents a neater appcarance when com-
pleted.

Straight-line layout does not mean
that the tubes and parts must be in a
single row; the layout can take an L-
shape, as shown in Figure 3-7. This
is a good arrangement and is often
used, particularly in small sets of the
“All-American Five” variety. You will
notice that the rearrangement has
been confined to the audio portion
ol the set, which is not so critical.

LOCATION OF POWER SUPPLY

While less critical in AC/DC sets, the
location of the power supply may be-
come quite important in the trans-
former type of receivers. This is be-
cause some transformers (particularly
the unshielded, or open-coil, types)
are capable of radiating energy that
can be picked up by the grid leads
of tubes. A safe procedure is to keep
all the power supply components
(transformer, rectifier, choke, filter
condensers, and voltage dividers) to-
gether and as far as possible from
other stages. In car radios, it is im-
perative that the power supply unit
be separated from the rest of the set
by a partition; in effect, this places
the power unit in a separate, shielded
compartment. This is not necessary
in home receivers, but there should

be some isolation of power supply
components. A typical arrangement,
used in AC sets, is shown in Figure 3-8.

In considering the power supply, it
is well to note that detector and audio

DET.
ISTAF( /D

RECT. OUTPUT

A

CONV,

U

Fig. 3-6. A poor layout.
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Fig. 3-7. An L-shaped layout,

stages are most easily aftected by hum
voltages set up by the power unit com-
ponents. Close observition of a num-
ber ol factory-built sets will demon-
strate this. You will find that in many
cases the power unit is placed rather
close to an r.[. or converter stage, brut
because these stages do not operate

HOW TO PREVENT
Oscillation is the result of coupling
between the input (grid) and output
(plate) circuits ol one stage or be-
tween the circuits ol two neighboring
stages. Encrgy is ted back [rom the
output circuit to the input circuit;
this builds up until the stage oscil-
lates. tlere ave some of the more com-
mon causes of oscitlation:

ay Grid and plate leads ol one
stage arce too close together or are
parallel lor a considerable distance.
by Grid or plate leads ol one stage

o Oouo

RECT.
TUBE
F(l)ﬂERNSE
OC DENSERS
POWER
TRANSF O

U

Fig. 3-8. An AC power layout.

AND OVERCOME

at audible [requencies, there is little
hum interlerence. .Any hum intro-
duced into the audio system of a sect
will be noticeable, but it will be more
objectionable when picked up by one
ol the carlier stages, for the hum volt-
age is then amplified to a greater
degree.

OSCILLATION

are too close o grid or plate leads of
another stage.

¢) Unshielded antenna and r.[.
coils are located 100 close together.

d) Screen bypass condenser is de-
fective or lacking.

¢) Unshielded glass wubes are lo-
cated too close to cach other.

[} The shells of metal tubes are
not grounded.

¢) There is poor contact hetween
the rotor shalt and the [rame ol a
two- or three-gang variable condenser.

Now, suppose we consider these
causes in sequence and take up the
remedics [or them.

Grid and plate lead interaction

[t would secm that once the possi-
bility of interaction hetween grid and
plate leads ol a stage is recognized, it
should be easy to avoid such trouble.
This is not always the case, however,
for it is often difficult 1o spot the focal
point ol the trouble. Sometimes, just
an extremely short length of grid
wire brought too close to a plate wire
will set up oscillations. The possibility
of interaction is increased as the fre-
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quency becomes higher (short-wave
fans take notice).

The safest procedure is to keep all
grid leads as far as possible from plate
wiring, keep leads short, and wherever
possible keep them close to the chas-
sis. Be particularly careful regarding
the wires leading down from an i.f.
transformer. Keep them dressed as
shown in Figure 3-9A, never allow
them to cross as in 3-9B.

If you encounter a stubborn case
of oscillation and f[eel that it is caused
by the arrangement of wiring, there
is just one way to locate the trouble—
trial and error. You may be able to
find the troublesome stage by ground-
ing its grid; if the oscillation stops, it
Is possible (but by no means certain)
that the cause lies in that stage or in
one preceding it. Using a tool madc

B+ GRID
(RED) (GREEN)
PLATE GRIDRETURN
(BLUE) {BLACK)
RIGHT
Fig. 3-9A.

of insulating material—a lollipop stick
or a piece of thin dowel will do very
well—try moving grid and plate leads,
meanwhile noting the effect. It is al-
ways best to adjust the set so that the
whistling is just about as strong as
you can make it before going ahead.

When you discover that a change
in the position of the wire makes a
decided difference, try moving the
wire to various positions. It may be
that you will have to remove the wire
and install another length running in
an entirely different direction.

Onec caution should be noted here:
you may find that moving some of the
oscillator circuit wiring has an eflect
on the whistling. As a rule, you will
find that moving such wiring merely
changes the pitch of the whistle, with-

out having any great eflect on its in-
tensity. In fact, the possibilities of
trouble in this circuit can be ncg-
lected.

Concentrate most of your efforts on
radio frequency stages, if there are
such. Next in line of suspicion comes
the intermediate frequency stage,
then the detector, and finally the con-
verter.

Of course, we have considered here
only oscillations that occur at radio
or intermediate [requencies. An audio
stage can oscillate too, but then the
eflect is usually quite different. First
of all, the pitch of the whistle is not
changed by working the tuning con-
trol. Second, although -some audio
oscillation occurs at a constant pitch,
the more usual form is sometimes
called “motor-boating”—an excellent

GRID PLATE
(GREEN} (BLUE)
RIDRETURN 8+

(BLACK) (RED)
WRONG
Fig. 3-9B.

description.

Some constructors clear up oscilla-
tion resulting from wiring by shield-
ing the offending wires. This may be
done—but as a last resort only and
under the following conditions:

a) Exhaust all other possibilitics
first, by checking the other causes
given later in this chapter.

D) Use only as much shielding as
is absolutely necessary.

¢) Shield grid leads only, never
plate leads.

d) Be sure that the shield is well
grounded at both ends.

¢) Recognize the fact that shield-
ing a wire will change the tuning
characteristics of the circuit and may
make realignment necessary.

f) Never add shiclding to a set
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Fig. 3-10. Placement of coils.

that previously worked well. Look
Tor other causes.

Coil inleraction

Interaction between coils is a com-
mon cause ol oscillation, particularly
in TRE receivers. You may  easily
avoid such vouble by placing  the
coils as shown in Figure 3-10. Notice
that not only is the axis of one coil
at right angles 10 that ol the other,
but also that the placement of the
coils—one above the chassis, the other
below—places the chassis between the
two ~o that it acts as a shield. It is
possible tor coupling to exist between
an unshielded coil and an unshielded
glass tube: this is more likely o hap-
pen when the coil belongs to one
stage and the tube to another. This
can olten be detected by placing,
temporarily, a grounded metal plate
between wtube and coil. 1 the oscilla-
tion stops, shield the tube. The metal
plate used lor making the test must
be  erounded, otherwise the result
micht be to make conditions worse.

RADIO AND HI-FI SETS

Furthermore, when vou decide that
the tube is to be shielded, use a shield
that fits the tube rather closely and
is well erounded.

Sereen bypass condenser

The purpose ol a screen bypass
condenser is to maintain the screen at
ground potential from an .l stand-
point, although the sereen is still kept
ata high DC voluage. 1f the condenser
is missing, ol too low capacitance, or
is delective, oscillation may result. In
larger sets having an rf. stage and
one or more L stages, itis well to use
a sereen bypass condenser tor each
stage ahcad of the detector. As men-
tioned belore, for broadcast-range sets
the condenser should be at least .05
microfarads. The condenser should be
connected  divectly from the screen
rerminal of the tube socket to chassis
or to B minus: connecting it to some
other point farther away from the
screen may not give the same result.
Sce Figure 3-11 for a typical connec-
tion diagram. Be sure, too, that the
end of the condenser having a stripe
or marked “outside {foil”) is con-
nected to ground or B minus: the
outside [oil then acts as a shield.

Many small AC/DC sets do not use
screen bypass  condensers; i such
cases, the clectrolytic filter condenser
is depended upon to do the job. Fig-
ure 3-12.\ shows how this is possible.
Radio frequency energy in the con-
verter tube sereen circuit is bypassed
through the second section ol the fil-
ter condenser to the ground and thus

BYPASS CONDENSERS CONNECTED

DIRECTLY TO SCREEN TERMINAL
I = pteetey
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Fig. 3-11. Connecting the screen bypass condenser.
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Fig. 3-12A. How filter condenser works on bypass.

i prevented from reaching the inter-
mediate lrequency stage. This is all
very well. But sometimes the filier
condenser tails to work well as a by-
pass condenser, although still able o
do its regular job. You can detect
such troubles by connecting a .1 mi-
crofarad paper condenser in parallel
with the hlter condenser, as shown in
Figure 5-12B. 1 the oscillation stops,
you need not replace the filter con-
denser: just connect the paper
condenser permanently in place.

Unshielded glass tubes

The matter ol oscillation resulting
from unshiclded  glass tubes placed
too close together has been covered
above. As stated, the remedy is to it
the tube or tubes with close-fitting,
grounded shields. Mctal tubes can de-
velop similar troubles it you [lail (o
ground the metal outer shells. You
will remember it was suggested earlier
that an ungrounded shield might he
worse than no shield ac all: and metal
tubes can give vou an excellent dem-
onstration ol this lact,

Condenser contaet

I'he rotor plates ol a variable con-
denser are connected o chassis (or 1o
B minus) via the rotor shalt and the
frame ol the condenser. This some-
times becomes a high resistance path
due to the fact that the shalt rotates
in some type ol hearing, usually lu-
bricated during manufacture. T'he re-
sult is that the contact between [rame
and shalt (poor at best, due to the
rotation ol the shalt) is made worse
by the lubricant. Even ball hearings.

used 1 most condensers, do not pro-
vide a satislactory contact. To over-
come this condition, each rotor sec-
tion ol the condenser is provided with
@ brass or Dbronvze wiper contact,
shaped something like @ two-tined
lork. Each wiper contact has a solder-
ing terminal. For cifective grounding
ol the condenser, do not depend up-
on lastening it o the chassis with
screws  but conmect the  soldering
terminals 10 chassis or B minus with
wire or, better, with woven metallic
braid. I the set design calls lor
mounting the condenser on rubber
to eliminate microphonic cffects, there
will then be no connections to chissis
or B minus, unless you make the wire
connections  just  mentioned.  One
point that 4s olten ignored is that
dependence upon a connection
through the condenser rame, or con-
necting only one of the wipers to
chassis, may lead o oscitlation. Figure
3-13 shows how this may happen.
This partial diagram illustrates the
r.Loand detector stages of a small sct.
Notice that neither ol the variable
condenser scctions has o ground or
chassis connection: this is about what
would happen il you depended upon
the condenser Irame and shalt for a

AMFD.
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Fig. 3-12B. Checking filter condenser.
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Fig. 3-13. Poor grounding of variable condensers.

connection. Under this condition, you
will notice, the two sections are in
series: this provides cflective coupling
between the grids ol the two tubes
and oscillation will almost certainly
result.

Occasionally, even on a new con-

denser, the wipers make poor contact
with the shalt. In some types there is
an adjustment screw on the wiper
that may be tightened to correct the
condition; on others it is necessary
to bend the wiper spring slightly to
increase its tension.

CHASSIS CONSTRUCTION

For any one of a number of reasons,
you might want to make your own
chassis for a particular project. Per-
haps the exact size you have in mind
is unavailable, or you may wish to
use solt aluminum instead of .the
usual steel. Aluminum is obviously
far easier to work than steel, and on
some projects it makes a fair substi-
tute; however, do not use it in very
large projects or the result is likely
to be rather flimsy. Also, do not use

aluminum alloy: although it is harder
and more rigid than soft aluminum,
it has a tendency to crack on sharp
bends.

Suppose, for instance, your project
requires a chassis measuring 5 by 7 by
1-1/2 inches. For this job you will
need a piece of 18 or 20 gauge sheet
aluminum measuring 8 by 8-1/2
inches. The thickness, or gauge, of the
metal will depend upon the size of
the chassis to be constructed; 22 gauge

- 8/ >
/ % Z
N .
X
g" w Y
5"
_ z
/V %\
I N

Fig. 3-14. Preparing metal sheet for chassis.
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will probably be heavy enough lor,
say, a small preamplifier chissis meas-
uring 3 by 5 inches. For sizes larger
than 7 by 10 inches, use 16 gauge. It
is not advisable to use solt aluminum
for a chassis larger than about 10 by
12 inches, unless it is reinforced by
some kind ol partition or hrace.

Lay out the chassis as shown in
Figure 8-14. With a pair of tin sips,
cut out the corner arcas, shown cross-
hatched in the drawing. Be carelul
not to cut beyond the intersections ol
the lines, as this may weaken the
chassis at those points. When bent
into shape, the two narrow strips
(3/4 by 5 inches) will form the end
aprons ol the chassis, while the wider
strips (1-1/2 by 7) will become the
lront and rear aprons. Now file the
ends (B, G, and D in the sketch)
ol the narrow strips slightly: this will
relieve the ends, so that when bent to
shape. the end aprons will fit between
the front and rear aprons.

For bending the chasis o shape
vou will need two hard-wood blocks
1’2 o #/4 inch thick. Maple or birch
is best, but a soft wood such as pine
can be used if the blocks are to be
used for only one job. The blocks
should measure just a wrifle less than
7 inches long by at least 3§ inches wide.

Il the lines drawn on the metal
belore cutting have become obliter-
ated, redraw them. Begin by bending
the two end aprons. Place one wood
block on the upper, or marked sur-
face ol the metal so that the edge of
the block coincides exactly with the
pencil line. Your accuracy in placing
and keeping the blocks exactly on the
lines during hending will determine
the accuracy and neatness ol the
bends. Now place the second wood
block against the under side ol the
metal, and shift the block around un-
ul its edge coincides with the edge
ol the upper block.

If you intend to usc a vise for
bending, hold both blocks in place
and clamp the entire assembly of
metal and blocks in the vise. If the

Chassis punches can be used
to produce large, cleanly-cut
holes. Tightening the holt pulls
the cutter through the metal.

vise is large, vou may be able to
clamp the work so that the apron
strip protrudes above the blocks, but
with a smaller vise you will probably
have to clump it so that the main
area of the chassis extends above and
only the apron surip is clamped be-
tween the blocks. In the event that
vou have no vise, two large iron
clamps may be used to hold the metal

L.arge square or rectangular
openings of any size can be cut
out with square die cutters.
Overlap several bites as needed.

between the bending blocks., Of
course, a vise alone. without the bend-
ing blocks, may be used, but it should
be fitted with soft metal jaws to avoid
marring the work. However, unless
the vise has-unusually wide jaws, a
much better job can be done with
the blocks, for then the entire length
of the bend is made in one operation.
Belore bending, recheck the blocks
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Fig. 3-15. Ends of the metal sheet are bent over blocks first by
hand, then with wooden or plastic mallet.

to be sure they have not shifted from
the line.

Start the bend by hand, and con-
tinue until the bent over area of the
metal lies {lat against the bending
blocks. This will give a bend with a
slight radius. Now tap the metal along
the bending line with a wooden or
plastic mallet until a sharp bend is
lormed. Never usc a hammer lor this
purpose. It you do not have a mallet,
hold a scrap block of wood against
the mectal and strike the block with
a hammer.

When one end apron has been com-
pleted, bend the opposite one. The
partially finished chassis will now look
like Figure 3-15. Bend the wider front
and rear aprons, using the process
just described, and the job is com-
pleted. See Figure 3-16.

For a chassis of moderate size, you
will find the type ol construction de-
scribed above remarkably sturdy. The
end aprons can be made wider, if
you wish, so that space for mounting
parts is added. 1f the chassis is to be
mounted in a cabinet, you may want

Fig. 3-16. Front and rear aprons are bent next.
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LEDGES FOR
MOUNTING

‘ig. 3-17. Finished chassis will look like this.

1o add ledges for this purpose. AHow-
ing 1 2 inch for each ledge. the metal
stock for a5 by 7 by 1-1/2 inch chassis
would measure 9 by 8-1/2 inches. The
additional 1/2 inch is turned under
the front and rear aprons, as shown
in Figure 3-17. To bend a chassis of
this type, the bending blocks must be
just o wille smaller than the (ront

(or rear) apron in both dimensions.
The chassis may be fastened in the
cabinet by drilling the ledges 10 take
three or lour-self-threading sheet met-
al serews. A chassis of this type is con-
siderably more rigid than the first
type described on account of the ex-
tra reinforcement ol the mounting
ledges.

WIRING

Practically all present day radio re-
ceivers are wired in such a manner
that the connections are as short and
direct as possible and there is no rea-
son why you should not use this meth-
od in wiring your projects. it done
haphazardly, of course, it will not
present a neat appearance, but if the
original parts layout is sound, the
wiring, although shore and  direct,
will fall into a pattern that will- be
lairly neat.

Special attention o ground or
chassis connections will contribute «
great deal to the perlormance ol a
project. One common crror is trying
to solder wires directly to the chassis.
‘This can be done, but only if you use
a soldering iron large enough for the
job. Constructors are apt to forget that
the chassis is capable of radiating a

considerable amount ol heat. Betore
the metal becomes hot enough w0
cause solder to fow, the soldering
iron has cooled. The result is a “cold
soldered” joint. The wire may be
“stuck” to the chassis, but is not truly
soldered. To make a direct soldered
connection to a chassis, you will need
@ d00-watt electric iron. Lacking this,
your next best bet is to avoid solder-
ing to the chassis entirely and make
all chassis  connections to «soldering
lugs lastened to the chassis with
screws. 'T'he one exception is in cases
wherce a pre-formed chassis has
stamped ground connections, which
are little tongues of metal cut away
from the chassis on three sides to lorm
soldering lugs. Since the lugs are more
or less isolated from the metal mass
ol the chassis, the heat ol the iron is
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Good soldering requires a
clean iron and ample heat.

not dissipated so quickly. Attempting
to solder wires to an aluminum chas-
sis 1S a comp'lete waste of time with
ordinary equipment, but the job can
be done with special aluminum solder
and a very large soldering iron.
Instead ol trying to solder to the
chassis, make ground connections to
convenient screws on the chassis, but
don’t be satisfied with a connection
made by merely winding the end of
a wire around a screw and tightening

the nut. It is not neat and the wire
is likely to break at the point where
the screw head or nut exerts pressure
on it. Furthermore, if more than one
wire is to be connected to the same
screw, you will be courting trouble,
for almost certainly one will fail to
stay in place. Put the shakeproof type
of soldering lugs on the screws, then
solder the wires to the lugs.

Although every set constructor
knows that only rosin-core solder
should be used in radio work, a time
arrives when this kind of solder will
not work as well as expected. Perhaps
the wire to be soldered is untinned
copper or perhaps the terminal lug
is a bit corroded. Whatever the rea-
son, everyone occasionally cheats a
bit and uses a dab of soldering paste.
You may do this and keep out of
trouble, provided you are very careful.
First of all, never use soldering paste,
no matter how minute the quantity,
on the terminal of a coil. Even
though you diligently try to remove
all traces of the paste, enough will re-
main to corrode the fine coil wire in
time. When you must use paste, use
as little as possible, and, immediately
after soldering, while the connection
is still hot, sponge it thoroughly with
a cotton swab dipped in alcohol.

VOLUME CONTROL TIPS

In building radio equipment you will
encounter two general types of con-
trols: those used in superheterodyne
receivers, amplifiers, and intercom-
municators, and those used in TRF
receivers, The first type usually has
a total resistance of from .5 to 2 meg-
ohms, while the latter ordinarily
ranges from 10,000 to 50,000 ohms. If
you are building a superheterodyne
and the diagram specifies a 1 megohm
control, you may usually substitute
one having a value as low as .5 meg-
ohm or as high as 2 megohms. TRF
receivers will, as a rule, work well
with a control that is anywhere be-
tween the values of 10k and 50k.

Beginners sometimes have trouble
remembering the terminal connections
of controls; the diagrams of Figure
3-18 may help, if you have such trou-
ble. 3-18A shows the diode detector
type ol control commonly found in
superhetcrodyne receivers. With the
shaft of the control pointing toward
you and the terminals pointing down-
ward, as shown, the terminal at your
left is to be connected to ground (or
to B minus). The center terminal is
usually connected to the grid of the
first audio amplifier (through a cou-
pling condenser) . The terminal at the
right joins the grid return lead of the
second i.f. transformer (this wire is
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usually color-coded black) .

Figure 3-18B illusurates the connec-
tions to the antenna-C bias types ol
control commonly used in TRF scts.
Incidentally, this type of control op-
erates in two ways. It is shunted across
the primary of the antenna coil, and
thus varies the voltage appearing
across the coil. Also, it is connected
between the cathode of the r.l. tutbe
and ground. Varying the resistance
ol the control changes the cathode
bias on the grid of the r.{. tube. With
the shaft of the control pointing to-
ward you and the terminal lugs point-
ing downward as belore, you will
note that the terminal at the left is
connccted to the top end of the an-
tenna coil primary. The center lug is
grounded, while the right-hand lug
is connected 10 the cathode ol the r.f.
tube.

A lew controls have their outer
metal case extended so it makes con-
tact with the normally grounded
terminal of the control. This is use-
ful, providing the terminal is to be

A\NCREASE
VOLUME
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Fig. 3-18A.

connected o ground, for it eliminates
one connection. In rare cases, how-
cver, this end ol the control is intend-
ed to be connected to a point other
than ground. In such cases you will
have 1o avoid a control ol this Lype
or else insulate the shaft and body of
the control [rom the chassis, which
can be a rather difficult operation.
For the average set-building job you
will probably buy one of the general
replacement  types of control, and
there is a good chance that you will

GRID RETURN
2ND. IF TRANS, o
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get one with a plug-in type ol re-
movible shalt. To assemble a control
ol this type, first cut the shalt to the
length needed. File the cut end of the
shalt to remove burrs. Place the con-
ol on a bench or wible, with the
opening for the shalt lacing upward.
Plug the notched end of the shalt into
the control, and tap the tree end of
the shalt lightly. Slip the C-washer
into the groove in the shalt, and tap
into place.

I'he wire connecting the center
terminal of the diode type of control
with the grid ol the first al. tube is
rather critical and in some sets may
pick up hum. Since this wire is nec
essarily located close to the switch on
the rear ol the control, the grid lead
may pick up hum from the line con-,
nections to the switch. For this reason,
on some sets the on-ofl switch is *‘di-
vorced” [rom the volume control and
is mounted either separately or on the
tone control. 1f you encounter trouble
of this kind, the only remedy is to
move the switch to a location away

\NCREASE
VOLUME

Fig. 3-18B.

[rom the volume control, even though
this may involve the installation of a
separate switch. You can easily verily
such trouble by disconnecting the line
wires {rom the switch. Temporarily
connect them together and move them
as lar as possible from the control. Of
course, the set will now be on uas soon
as the line plug is inserted in the out-
let. I such an arrangement achieves
a noticeable reduction in hum, install
a separate on-off switch as lar as pos-
sible from the control,
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CAPACITANCE MAY BE
CHANGED TO GIVE
DESIRED FREQUENCY
CUT OFF

SOK

SO0K CONTROL
TAPPED AT 100K

I-——TO IST AF GRID

Fig. 3-19. A bass compensation volume control circuit.

Any radio recciver or amplifier has
a tendency to sound tinny or high
pitched when the volume control is
adjusted for a low level. Set manufac-
turers have compensated for this by
installing the bass compensation type
of volume control. You may apply the
idea to most amplifiers and to any re-
ceiver using a diode type of control.
Figure 3-19 illustrates the circuit used.
Here is how it works: when the con-
trol is set at a low level, some of the
higher notes are bypassed to ground
through the resistor and the con-
denser. The result is that, with some

of the higher notes eliminated, the
music seems to be deeper although no
actual increase in the bass has been
eflected. There is a slight decrease in
the over-all volume when using a cir-
cuit of this type. Controls are made
with the tap at various points but a
good general rule when using the or-
dinary .5 megohm unit is to select one
with a tap at 100,000 chms from the
grounded end. The resistor should be
about 50,000 ohms. The value of the
condenser will determine the amount
of high frequency cut ofl. A good val-
ue to begin with is .01 microlarad.

LINE BALLAST RESISTORS

Many AC/DC sets use a resistance
connected in series with the tube
heaters to drop the line voltage to «a
alue suitable for the tubes used. An
exception is found in those sets that
have a tube complement in which
the tube heater voltages added to-
gether equal the line voltage, which
is usually 117. An example of such a
tube complement is 35\W+4, 50C5,
12BEG, 12BA6, and 12AV6.

In the construction of smaller units,
however, such as 2- and $-tube ampli-
fiers, intercommunicators, phono-
graph oscillators, and the like, you
will almost always find that some type
of line resistor is necessary. In such
cases it is helpful to know how to de-
termine the value of resistor to be
used and to be aware of the substitu-

tions that can be made.
Line ballasts are available in at
least four types:

a) .\ llat, moulded, wire-wound re-
sistor.

0) .\ wtubular, vitreous, wire-wound
resistor.

c) A Dballast tube, which is not a
true tube at all but merely a resistor
within a glass or metal envelope.

dy A resistor line cord. This con-
sists of the usual two-wire cord; one
of the wires has an ashestos covering
and on this covering the resistance
wire Is wound.

It should be emphasized at once
that, provided the resistance values
and current carrying capacitics are
equal, these units are interchangeable.
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Easicst 10 use, of course, is the flat
wire-wound resistor, lor it requires
only two machine screws and nuis
for mounting and lies llat against the
underside of the chassis or one of the
aprons, taking up very little space.

Flat and tubular resistors

Next comes the tubular wire-wound
resistor, which many radio men fecl
gives less trouble than the flat type.
It does have the disadvantage of be-
ing difficult o mount and taking up
a little more space. Tu is lastened in
place cither by a pair of L-shaped
brackets with a threaded rod passing
through the resistor or by means of
two L-shaped clips. The clips are se-
cured to the chassis with screws and
nuts; the ends ol the clips fit into the
center hole ol the resistor and hold it
in place. It is hardly necessary to say
that resistors ol either ol these two
types should never be located close to
coils, condensers, or other parts that
might be affected by heat

Resistor line cords

The resistor type of line cord is
still rather popular, although some
people object to the fact that the en-
tire cord runs quite warm during
operation. These cords are made in
a wide variety ol resistance values,
and the value you select will depend
upon the number and types ol tubes
to be used. This brings us to the
method used for determining the val-
ue needed.

When you have decided to build a
particular project, you may want to
substitute other types ol tubes for
those mentioned in the circuit de-
scription and schematic diagram. For
instance, in almost every case there
is a G-volt tube that is the equivalent
of a given type ol 12-volt wube. Simi-
larly, there are 25-volt tubes that, ex-
cept for heater voltage, are inter-
changeable with 50- or 35-volt Lypes,
and so on. In such cases it is important
to understand the method of calculat-
ing the value ol a resistor line cord

or any other type ol line resistor.

Determining line resistor value

To determine the line resistor val-
ue, you must know two things: the
heater voltage ol each ol the tubes and
the heater current ol the tubes. You
will understand, of course, that in any
series heater circuit, the current drain
of all the tubes must be the same.
Unless special, rather complicated ar-
rangements arc made, a tube requir-
ing .3 ampere cannot be used in se-
ries with others that require only .15
ampere.

Suppose we take a tvpical series
heater circuit as an example. The set
is o use two 25-volt tubes and three
6-volt tubes. (Note: the heater volt-
age ol a 6-volt wube is actually 6.8
volts, but 6 volts is close enough for
the calculation)) Al the tubes take
i heater current of .3 ampere. The
first step is 10 add all ol the heater
voltages: this comes to 68 volts. \We

Checking resistors.

next subtract this vadue from the line
voltage (117 volts in most areas of
the United States) to find the voltage
that must be lost in the resistor. We
find that the drop necessary is 19
volts. The value of resistance necded
is now found by using Ohm’s law:
49 volts divided by .3 ampere equals
163 ohms, Actually, a 160 ohm resistor
must be used, since this is the nearest
value manufactured.
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Fig. 3-20A. A series heater circuit with resistor cord.

Constructors are sometimes puzzled
by the fact that a resistor cord has
three wires instcad of two, but there
is no mystery to this. It is because a
connection must be brought from the
line plug to supply voltage to the
plate of the rectifier tube. This con-
nection is the third wire. If you were
to use a wire-wound resistor mounted
on the chassis (with a two-wire cord),
you would have to run a wire from
the resistor to the plate of the rec-
tifier tube. This is the same connec-
tion as before, but in a resistor cord
it is brought directly from the line
plug. Figure 3-20A illustrates a series
heater circuit using a resistor cord.
It also shows the color-coding of the
wires in the cord. Although a very
tew cords do depart from this color
scheme, you will find it is almost uni-
versally used. Figure 3-20A illustrates

BLACK WIRE

still another point sometimes ignored
in set building, the correct order of
tubes in the heater circuit. Scanning
the series circuit from right to left,
you can readily see that as you pro-
ceed to the left, each succeeding tube
has a higher voltage above ground
than the one before it. The left-hand
heater terminal of the detector-first-
audio tube, for example, will be ex-
actly 6.3 volts above ground. Now, it
is a fact that the chances of hum pick-
up are in proportion to the voltage
of the heater above ground. The most
sensitive tube in the string is the first
audio, therefore it is placed at the
ground end of the string. Next come
the converter, the i.f. amplifier, the
output stage, and last the rectifier,
which, having no tendency to intro-
duce hum, is located at the line end
of the string.

TO PLATE OF RECTIFIER

)

R,

4 T0 TUBE
et HEATERS

——
140-0HM

WIRE-WOUND RESISTOR

1STO,
N Wirg

{RESs,
8ROwW,

160-0HM
RESISTOR LINE CORD

REO wire

TO ON-OFF SWITCH

Fig. 3-20B. A resistor line cord with wire-wound resistor.
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Belore leaving the subject of re-
sistor line cords, it micht be well to
mention the universal type, which has
several resistors built into the cord
and can wually be adapted 0 sets
using from one to as many as five or
six tubes. Such cords come with an
instruction sheet that will show vou
how to connect together (or tape up,
as the case may be) certain wires so
as to get the desired resistance value,
It you intend 1o build projects for
('xperien('c or lor fun and expect to
dismantle them sooner or later, vou
are advised to invest in i universal
cord for your first project. The addi-
tional- cost is not oo great and vou
will then be able to reuse the cord
in later, more advanced projects. An-
other point to remember is that when
building a project that requires, for
example, a 300-ohm line resistor and
vou find that vou have on hand only
a 160-ohm line cord, you can always
connect a 0-ohm flat or tubular
wire-wound resistor in series with the
cord in order to make up the needed
value, as in Figure 3-20B. This applies
to other types ol line ballast resistor
as well,

Ballast tubes

Although the ballast tube has be-
come practicilly obsolete, it is possible
that you might want to revamyp a set
using one or you might decide to use
the chassis and parts from such a set
in building a project. In that case you
would want to know something about
ballast tubes and how 1o replace them
with other types ol line ballasts.

The principal disadvantage of the
ballast tube is that an additional tube
socket must be used to accommodate
it. The extra socket, ol course, takes
up space on top ol the chassis that
might well be used lor other com-
ponents. You will probably find that
most sets using a ballast tube employ
an octal socket lor this purpose, al-
though there werc a lew very early
models that used a [owr-pin socket.

It is [airly obvious that not all the
socket connections are used, since in
most cases the tube utilizes only two
or three base pins. The unused socket
terminals made quite convenicnt tie
points [or various wires that frequent-
ly had no relation to the heater c¢ir-
cuit. This is mentioned here because
experimenters and set builders are
olten confused by the fact that the
ballast-tube socket has more connec-
tions than appear to be necessary. In-
formation on the base-pin connections
ol ballast tubes is published by the
tube manufacturers. T'wo of the more
common types are discussed here,
Ballast-tube types are designated by
a combination of numbers and letters
that give you information concerning
the application of the tube. Suppose

Tube type numbers wear
away through handling. Protect
them by placing clear tape over
them when tubes are new.

we use the designation KI19B as an
exanmple. T'he first letter, K, indicates
the tyvpe of pilot lamp that the tube
is intended o be used with. K indi-
cates a I30-milliampere wype. I the
letter happened to be L., a 230-milli-
ampere lamp should be used: M in-
dicates a 200-milliampere lamp. The
figures reler o the voltage drop across
the ballast tube. You will recall that
when we calculated the value ol a
line resistor earlier in this chapter,
we lound that we required a voltage
drop ol 49, equivalent to 163-ohms
resistance in that particular circuit.
‘T'he ballast tube here used as an ¢x-
ample would thus have a voltage drop
ol 19 or, in other words, a resistance
ol 163 ohms, The linal letter in the
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Fig. 3-21A.

designation, B in this case, reflers to
the circuit, or the base-pin connec-
tions. Figure 3-21.\ shows the A\ type

ol circuit, while 3-21B illustrates the

B circuit. You will note that in the
diagrams each terminal of the ballast
tube has two numbered circles. The
upper circles apply to tubes using a
four-pin socket: the lower are used
for tubes intended for an octal socket.

Replacing a ballast tube

Now, let us assume that you have
a set using a ballast tube and want to
replace the tube with a resistor line
cord or some other kind of line bal-
last vesistor. I you still have the orig-
inal ballast tube, look for the type
designation  stamped on the tube.
Looking this designation up in the
tube manuflacturers’ listing will give
vou [ull information. You will then
know the value of the replacement
resistor to be used and the socket
terminals to be used.

Il you no longer have the original
ballast tube, vou can determine its

To keep weight off delicate
coils and tubes and lessen
chance of breakage, attach one
or two C-clamps to steady set.
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Fig. 3-21B.

type by first tracing the wiring, dis-
regarding ali socket connections ex-
cept those running to the line plug,
the plate of the rectifier tube, and
the tube heaters. If you find a pilot-
lamp socket wired to two of the bal-
last-lamp socket terminals, you will
immediately know that a ballast of
the type shown in 3-21B has been
used. The resistance value of the orig-
inal ballast can, ol course, be deter-
mined from the number of tubes used
and their heater voltages. If the set
did not use a pilot lamp connected
across a section of the ballast, your
problem is simplified. Assuming that
the set originally used a 49A ballast
tube, a check of the set reveals that
heater circuit wires are connected to
socket terminals 3 and 7. Tracing
the wiring, you find that there is a
wire [rom the line plug to pin 3 of
the ballast socket. Pin 7 of the ballast
socket is connected to one heater
terminal of the rectifier tube. Connect
the resistor wire ol the line cord to
7, as shown in the skctch, Figure
3.22B, but do not remove the hecater
wire already connected there. There
is a-wire connected between terminal
3 and terminal 5 ol the ballast socket,
and another wire runs from this point
to the plate of the rectifier. Discon-
nect the original line cord wire. The
jumper wire from 3 to 5 need not be
removed. Connect the black resistor
line-cord wire to terminal 5. The re-
maining wire of the original line cord
was comnected to the line switch. Re-
move this wire, connect the red wire
of the resistor line cord in its place,
and the job is completed.

If the ballast tube is to be replaced
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by a wire-wound vesistor ol the flat
or tubular tube, the work is stll
casier., In that case, merch connect

PILOT

For a number of reasons it is olten
desirable to install a pilot Limp on a
project, although the original circuit
diagram did not include one. If the
set uses o power tramslormer, the
problem is a simple one indeed. Just
connect a pilot-lamp socket in paral-
lel with the tube heaters at any con-
venient point, insert lamp in the
socket, and you are reidy 10 go.

On series heater jobs there e sev-
cral ways ol adding panel Eimps. The
simplest method is o connect the
lamp in series with the heaters, but
this does have disadvantages. You will
probably find that the Lunp is 100 dim
untl the tubes have warmed up and

BALLAST TUBE SOCKET
Fig. 3-22A. Original ballast tube circuit.

BLACK

RESISTANCE-TYPE
LINE CORD. VALUE
EQUAL TO ORIGINAL
BALLAST

BALLAST TUBE SOCKET
(NOW UNUSED)

the new line ballast resistor between
terminals 5 and 7 ol the ballast
socket.

LAMPS

ol 170 ohms, and the pilot-lamp sec-
tion works out to 35 ohms. You would
then use a 133-0ohim main section and
a 3h-ohm pilot-lamp secton in series
with it, comnected as in Figure 3-23.

Sets using tubes whose heater volt-
ages add up 1o the line voltage gen-
crally employ such vectifier tubes as
9575 or 35WI. These tubes have
built-in provision lor a pilot lamp in
the form ol a tupped heater. The
pilot lamp is connected across the
smaller section of the heater, as shown
in Figure 3-2t On smaller projects
using two or three tubes, you can still
use this method, provided that a rec-
tifier tube having a tapped heater ds

TO RECTIFIER TUBE PLATE
TUBE HEATERS

TO RECTIFIER TUBE PLATE
TUBE HEATERS

Fig. 3-228. Ballast tube replaced by line resistor cord.

then becomes too bright. "T'here is also
the possibility ol lrequent burn-out.
\ much better way is to connect a
wire-wowud resistor in series with the
heaters and connect the Lomp in paval-
lel with this resistor. But this method
cannot be used if the total of the
heater voltages is equal o the full
line voltage. Furthermore, you must
remember to deduct the value of the
pilot-lamp resistor [rom the total line-
ballast resistance used. Suppose that
the set requires a total line resistance

used. You would then add o series
line resistor o give the required volt-
age drop.

Incidentally, itis tairly common for
the pilot-lamp section of the heater
in such wbes w burn out, leaving
the remainder of the heater intact.
The tube may still be good and, il so,
can still be used. One method is o
connect a wire jumper across the pilot-
lamp section ol the wibe. For Lype
35725, connect the jumper between
socket terminals 2 and 3. It the tube
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LINE RESISTOR

350 \, 1350
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TUBE HEATERS

PILOT LAMP
SW

Fig. 3-23. A main section and pilot lamp section in series.

is a 35\V4, use terminals 4 and 6 in-
stead. For a 35Y4 terminals, 1 and 4
are the proper ones. This method will
increase the voltage applied to the
tube heaters by a small, but not seri-
ous, amount and, of course, the pilot
lamp will no longer light. This is
therelore an emergency measure only.
-\ much better plan is to connect a
small wire-wound resistor between the
proper tube-socket terminals in place
of the jumper wire. Not only will the
lamp then light, but the tube heater
voltages will remain at their original
values. The resistor value should be

RECTIFIER

PILOT LAMP

between 40 and 50 ohms, and a 2-
watt resistor should be used for this
1)urpose.

Perhaps the most satisfactory meth-
od of connecting a panel lamp is to
locate it between the line cord and
the plate of the rectifier tube, as
shown in Figure 3-25. This scheme
is used on the majority of present-day
commercially built sets. The lamp op-
eratcs on the rectified direct current
flowing through the rectifier. While
this method is very good, it has one
slight  disadvantage—the lamp may
flicker on unusually strong signals.

Fig. 3-21. A pilot lamp connected across the heater.

RECTIFIER

Fig. 3-25. A panel lamp between line cord and rectifier tube.



Chapter 4

How to Build Amplifiers

and Intercommunicators

Tlns branch ol radio construction
has a particular fascination  for
many builders. Just why this should
be so is not entirely clear. Perhaps the
perfectly natural desire to use a micro-
phone has some bearing. Then, wo, it
is possible that the growing interest in
recorded music has had an influence.
It 15 a lact, whatever the reason, that
much of the interest among construc-
tors and experimenters centers around
the many types of audio wmplifier.

In this chapter we present a number
of projects, ranging [rom an extreme-
ly simple and inexpensive one-tube
phonograph amplificr to a more com-
plex outfit that will deliver consider-
able power and is suitable for use
with phonograph, microphone, or ra
dio tuner. It is perhaps worth men-
tioning that many constructors who
have built amplifiers have profited
through rentad of theiv equipment for
social gatherings.

In connection with amplifiers, we
shall take up the construction of inter
communicating systems, which are
really nothing more than rather spe
cialized amplifiers. Within the last
lew years, intercommunicators have
been widely used in all kinds ol busi-
ness establishments, [rom {ood mar
kets to large manulacturing plants.
Even more recently, they have come
into favor in the home, where they
have been used in many wiays—noti-
fying dad that dinner is ready as he
putters in his  basement workshop,
keeping tabs on Junior asleep in his
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room while mother goes about her
houschold tasks or perhaps entertains
the bridge club in the living room,
listening to baby.

Finally, we.consider some of the
problems in building equipment for
the reproduction of records, including
the limitations and the possibilities of
records, pickups, and motors, together
with circuits for tone compensation
and the reduction ol record surface
noisc.

Amplifier differences

It is well to remember that there
are one or two essential differences
between the amplifier intended for
use with phonograph or microphone
and one designed o lunction in an
intercommunicating system. First ol
all, the usual smalt amplifier designed
lor phonograph work is called upon
to deliver a moderate amount of pow-
er with as good a [requency response
as possible. Perhaps a 10-watt ampli-
fier for use in the home may never be
used at [ull power, but a ten-to-one
reserve is needed to prevent overload-
ing on the louder passages. And, as
we are all aware, an amplificr intended

Jor reproduction of music must be

capable of handling all [requencies
lrom about 30 to at least 10,000 cycles
persecond if we expect to get anything
like a [laithful reproduction ol the
original music.

Well, how about reproduction of
speech? Next time vou use the tele-
phone, pay no attention to the con-
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versation lor a moment and try in-
stead to concentrate on the sounds
you hear. You will then become aware
of a fact known to engineers for a
long time. For intelligible specech the
instrument need not be capable of re-
producing all the tones the human
voice can create. In other words, the
telcphone transmits a far narrower
band of Irequencies than most ampli-
ficrs. In fact, the range of the usual
hand-set instrument is so limited that
we olten picce together a conversation
partly by guesswork, by filling in
words we think the party said. If you
doubt this, ry having someone read
to you over the telephone a few [a-
miliar paragraphs and sce how much
ol it vou actually hear.

Much the same thing applies to an
intercommunicator intended for home
use. There is no real need for large
amounts of power, just as long as the
speech is audible and intelligible, We
need not be as carelul to design the
unit with a view to laithful reproduc-

tion of all tones. If the equipment is
to be used in a business or industrial
application, however, the require-
ments will probably be  somewhat
more rigid.

On the other side of the balance
sheet, we find that the intercom must
mect other specifications not appli-
cable to phono amplifiers. Part of the
time the intercom is used with the
speaker (connected as a microphone)
in the input circuit. For talking in the
opposite dircction, conditions must be
reversed. This introduces a complica-
tion: the “talk-listen” switch. An ex-
ception is the simple onc-way inter-
com described later. Some intercoms
must be designed so the master-station
operator can make contact with any
one ol a number ol remote stations
without activating the others. We take
up the construction of a multi-unit
intercom below, but to avoid a com-
plicated switching system, it connects
the muaster station to all remote sta-
tions at once.

COMPACT ONE-TUBE PHONO AMPLIFIER

This tiny phonograph amplifier s
about as simple and as small as can be
built. "Tube equipment is kept at a
minimum by using a selenium recti-
ficr. This unit cannot, ol course, be
uscd as a public address system, nor
will it fill a large room with music. It
will serve very well as a “personal”
type ol phonograph and is widely
used in portable units designed for
children. It will fit inside the cabinet
of the average record player or it can
be combined with a player in a home-
built cabinet like the one described
later on in this chapter. One point
necds emphasis: the pickup cartridge
used with it must deliver a relatively
high voltage output. Among the car-
tridges  suitable are: Shure \W2H,
Electro-Voice H60, Astatic L-82-\.

Circuit description
The circuit diagram is shown in
Figurc 4-6. A 50C5 tube is used to

drive a 3-inch p.m. dynamic speaker.
All voltages for the tube are obtained
from the selenium rectifier, SR. Heater
voltage for the tube is taken from the
line and reduced to a suitable value
by the 450-ohm line dropping resistor,
R1. Although the ampilifier is of the
familiar AC/DC type, remember that
the ordinary phono motor will oper-
ate on alternating current only. Notice
the outlet lor supplying power to the
motor; the supply to this outlet, as
well as o the amplifier, is controlled
by the on-off switch, a part of the vol-
umice control. If you prefer, the outlet
may be omitted and the motor is
then connected dirvectly to an external
outlet.

Paris list

Resistors

R1 450-ohm line cord resistor
R2 500K ohm volume control,

’
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with switch
R3 150 ohm, 1/2-watt carbon
R4 47 ohm, 1 /2-watt carbon
R5 5000 ohm, 1/2-watt carbon

Condensers

Cl .05 mfd., 200-volt midget paper
tubular

C2 10 mid., 25-volt electrolytic
(tubular)

C3 .01 mid., 400-volt midget paper
tubular

C4 30-20 mid., 150-volt electrolytic
(tubular)

Transformers
Tl Output transformer, compact
type, 2,000 ohm primary, 3.5 ohm
secondary
’ Speaker
3-inch PM dynamic, 3-4 ohm voice
coil (square type frame preferred)

Chassis: 3 x 4 x 2 inches
Tube
50CH

Layout and assembly

The entire amplifier, including the
speaker and the phono motor re-
ceptacle, can be built on a chassis
measuring only 3 by 4 by 2 inches,
if you use judgment in the selection of
parts. Note that the parts list speci-
fies midget condensers in most cases;
the volume control, too, must be of
the midget type, measuring not more
than 15/16 inch in diameter. If the
parts specifications are followed close-
ly, you will have space for all com-
ponents, for besides the volume con-
trol, resistor line cord, and filter
condenser, only three resistors and
three condensers are needed.

If you care to make your own chas-

Pl | | PN

MOTOR RECEPTACLE

—Nj| -
VOLUME @

CONTROL

@
PHONO JACK

| S—

Fig. 4-1. Top view of chassis.

Miscellaneous

Selenium rectificr, 50 m.a. output

RCA-type phono jack

Motor receptacle: 2-pole female re-
ceptacle, flush mounting, Amphenol
51-FI or cquivalent

7-pin miniature tube socket

2 4-36 x 3/8-inch r.h. machine screws

2 4-36 hexagon nuts

6-32 x 3/8-inch r.h. machine screws

6-32 hexagon nuts

2-point tie strip

Push-back wire

Rosin-core solder

sis, use a picce of 20-gauge aluminum
7 by 8 inches in size. Follow the in-
structions given in Chapter 8 and
you can make a 3 by 4 inch chassis
with side and end aprons a full two
inches in depth. Although narrow end
aprons were used in previous projects,
the small size of this amplifier makes
the extra apron width necessary.

It you can, sclect a speaker with a
square frame; it can be fastened to the
chassis with two screws through the
lower corner holes. The speaker, to-
gether with the compact output trans-
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Fig. 4-2. Underside view of chassis.

former, will be light enough so that
* this kind ol mounting will be sufh-
ciently rigid. See Figure 4-1 for a top
vicw ol the chassis, showing the speak-
cr in place. Place the selenium recti-
fier at the lelt rear corner ol the
chassis. (Nofe: When lacing the speak-
cr cone, the rectifier is considered to
be it the rear ol the chassis))

1'he 1ube socket is placed between
the selenium rectifier and the speaker.
Its exact location can be determined
alter the speaker and rectifier posi-
tions have been marked.

When all screw holes Tor lastening
the speaker, rectifier, and tube socket
have been marked and center punched,
vou may lay out the positions ol the
parts under the chassis. ‘The filter con-
denser s placed under the speaker.,
Fhe center ol the volume conwrol
shatt, as indicated in the underside
view, Figure 1-2) is 2-1 8 inches [rom
the right side of the chassis.

I'he phono jack iy pliced on the left
side ol the chassis (see Figure 1-35)

2.1 4 inches rom the rear and 1116
inch from the lower edge ol the chas-
sis. On this same sketeh you will note
the position of the hole for the line
cord, 7,16 inch from the Iront of the
chassis and 174 inch [rom the lower
cdee.

Referring o Figure -1, the right
side view ol the chassis, locate the
center of the motor re(‘cpul(‘le ApProx-
muely 15 716 inches from the rear
and about an inch from the bottom.
I'he exact position of the receptacle
will depend upon its size. Figure 4-5
is the rcar view ol the chassis, showing
in greater detail the position of the
volume control.

Al holes, except those for the tabe-
socket screws, are 1o be drilled with a

25 drill, which provides clearance for
a 6-52 serew. The socket s fastened
with two 4-36 screws: use a #3101 drill
lor these. Drill or ream the volume-
controlshalt hole 1o 378 inch, punch
out the socket hole with a 5 /8-inch
sheet metal punch, and punch a hole

VOLUME
CONTROL

1
Y —
2/ PHONO JACK
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Fig. 4-3. Left side view of chassis.
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e——1 %/, —1

Fig. 4-4. Right side view of chassis.

for the motor receptacle. The size of
this last hole will be determined by
the dimensions of the particular re-
ceptacle, but usually it will be about
1-1/4 inch.

The parts may be mounted in any
order, but it will be necessary to re-
move the filter condenser temporarily
when wiring the tube socket.

Wiring

It will probably be best to wire the
heater circuit first. Do not forget to
anchor the line cord in place by tying
a single knot in it close to the inside
of the chassis apron. With the hcater
circuit wired, place R4 in position on
the 2-point tie strip, then connect RS
between the end of R and the screen
terminal (pin 6) of the tube socket.
You may connect the filter condenser

to the filter-resistor terminals and

later remove it from its position while
wiring the tube socket. Wires to the
sclenium  rectifier may be  brought
through two small holes in the chas-

sis, drilled close to the rectificr termi-
nals. The motor receptacle is con-
nected in the circuit by bringing the
black line-cord wire to one of its
terminals and connecting the other to
chassis.

Final test

It the record player is to be more
than a foot or two from the amplifier,
be sure to shield the entire length of
the connecting wires. With a pickup
capable of delivering about two-volts
output and a record of average loud-
ness, the amplifier should give ample
volume in a small room. I the music
is too high-pitched or record surface
noisc¢ is objectionable, try the com-
pensating circuit used in the three-
tube phono amplifier to be described
later. As you will sec from inspection
of Figure 4-21 this circuit consists of
a 700K resistor connected across the
pickup jack and a l-megohm resistor
connected between the jack and the
volume control.

PHONOGRAPH OSCILLATOR

A phonograph oscillator is a minia-
ture broadcast station. It transmits a
carrier wave within the broadcast
range (the upper, or low-frequency
end of the band is usually the better) .
Signal voltages from the phonograph
pickup are used to modulate this car-
rier and the resulting signals arc
picked up by the receiver in the usual
way. If the record player is within a
few feet of the set, the results can be
very good. The principal advantage of
the device is that no electrical, con-

nection between player and set is nec-
essary. This makes it truly portable,
for it can be carried about from place

R e——

VOLUME !
CONTROL l

Fig. 4-5. Rear view of chassis.
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to place and used with any set on a
moment’s notice and with no previous
preparation. Should you want to take
vour record collection to a friend’s
home and vou find that he has neither
phonograph nor amplifier but does
have a radio set, the phono oscillator
-is the answer. Following this descrip-
tion you will find plans for building
vour own record plaver, with the os-
cillator unic incorporated in it. Phono
oscillitors conform o Federal Com-
Conmmission rules and
regulations, provided the power radi-

municiions
ated s linited, Using the tube and

the cireuit 10 be deseribed here, vou
will he within those specilications,

PHONO JACK

A

YOUR OWN RADIO

AND HHF-FI SETS

used in the six-tube AC receiver de-
scribed in Chapter 2. In fact, with one
or two changes, you can use such a
coil in place of the one specified.
Audio voltages from the phonograph
pickup wre injected into the tube’s
clectron stream by way of grid 3, and
the modulated signals are then fed
from the plate to the antenna. Plate
and screen voltages for the 12BA6 are
supplied by the sclenium rectifier, SR,
while the heater voltage is held at 12
volts by the line resistor, R6,

Parts list
Resistors
R1 HOOK ohm, 1 2-wan carbon

50CS5

)
OSMFO.
R2
VOL.CONTROL
IMEGOHM

N smm ) MOTOR
== J RECEPTACLE

SR
N |

T
Lo Lo

SPEAKER
=T ?K
o1
1500

T T.LF

d |
R

4500

4| 2 {IN LINE CORD)

Swi

4Tn
MWV
+
o
JOMFD. 20MFO.
B0V, — 130V.

Fig. 1-6. Schematic diagram of a one-tube phonoe amplifier.

Circuit deseription

See Figure 1-7.

A TZBAG tube develops the modu-
lated signals radiated from the unic by
way of the antenna, whicl may con-
sist of a short length of wire. Grid 1
and the cathode are used as the r.f.
oscillator clectrodes. Note  that  the
oscillator coil is of the tapped, single-
winding variety, similar o the one

R2 25K ohmy, 1 /2-watt carbon

R3 HK ohm, l-watt carbon

R SK ohm, l-watt carbon

RH oK ohm, 1/2-watt carbon

R6 700-ohm, 20-watt wire-wound
Condensers

Cl 1830 mmid., mica

2 20-20 mfd., 150-volt clectrolytic

(tubular)
€3 Lomtd., 100-volt paper tubular



AMPLIFIERS AND

Ci 250 pimfd., mica
Ch 02 mld., 400-volt paper tubular
Coils

LI Single winding, tapped phono-
oscillator coil with tuning
capacitor

Miscellaneous

Sclenium rectifier, 50 m.a. ourput

7-pin miniature tube socket

Line cord and plug

SWI: on-off switch, single-pole single-

throw, rotary

2 3-point tie strips

RCA-type phono jack

2 4-36 x 3/8 inch r.h. machine screws

2 4-36 hexagon nuts

A

PHONO JACK
O

INTERCOM SYSTEMS 0l

Layout and assembly

Few comments are needed concern-
ing this phase of construction, for only
a small number of parts are used and
there is cnough chassis space for all
of them without crowding. Figure
4-8A is the top view ol the chassis,
showing the positions ol the tube
socket, sclenium rectifier, and the tie
strip for the wire-wound line drop-
ping resistor. The resistor is located
here rather than under the chassis be-
cause it radiates an appreciable amount
ol heat and will run at a lower tem-
perature with improved ventilation.
\ resistor line cord is not specified lor
this project since, duce to the un-

_ \
Ri %;z |
SO0K 5K
i
o] ;' \

1BOMMFD.

Ll

=

R3 5K R4 5¢
VYV +| VYVYV |+
20 MFD. C2 20MFD.

= o

|
&
C3
Swi
=

Fig. 4-7. Schematic diagram

6-32 x 3/8 inch r.h. machine screws

6-32 hciztgon nuts

Chassis: 8 x 8 x 1-1/2 jnch, aluminum
or steel. If homemade, use 20-gauge
sheet aluminum, 6 x 6 inches.

Push-back wire

Rosin-core solder

Tube
12BA6

of a phono oscillator.

usually high value needed, it may be
difficult to buy. It you should preter
to use a resistor cord, you may connect
two 350-ohm cords in series and sub-
stitute this combination for the wire-
wound resistor.

Figure 4-88 is the underside view of
the chassis, showing the filter con-
denser, oscillator coil, and filter-re-
sistor tie-strip positions. The under-
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Fig. 1-8A. Top view of chassis.

PHONO JACK
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FILTER
CONDENSER
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OSCILLATOR

CoIL
SWITCH

Fig. 4-8B. Underside view of chassis.

side ol the tube socket is not visible in
this drawing, it is covered by the filer
condenser. .\ separate drawing, Fig-
ure 1-9, shows the 12BA6 socket termi-
nal arrangement. Unless vou are in an
arca served by one ol the larger radio
supply houses, you may have wrouble
getting just the right type ol oscillator
coil. But vou can use the ordinary
singleswinding oscillator coil used in
superheterodyne receivers by connect-
ing the vequired  capacitimee  in
parallel with it. Il vou make this

RADIO AND HI-FI SETS

substitution, refer to Figure 410 [or
the commecudon diagram. The shunt
capacitinee  consists ol a 100-munld.
mica condenser in parallel with a
O-180ammtd. wimmer. With this ar-
rangement it s possible 1o shilt the
operating Irequency of the oscillator
over a wide portion ol the broadeast
rangc.

Fhe location ol the phono Jack is
shown in the chassis rear view, Figure
-1 Ao shown in this sketeh is the
hole Tor the line cord,

Besides the serew holes [or the parts
illustrated (and  the  socket  center
hole) . you will have to drill several
holes not shown in any ol the draw-
ings. ‘They are hetter and more casily
located and drilled after the actual
phwsical dimensions and locations ol
the parts have been determined. Drill
1wo holes close to the line-cord resistor
strip lor the two wires that lead up to
it. Be sure that all burrs are removed
lrom the edges of these holes, as the
wires running through them are con-
nected directly to the power line. One
more hole lor a wire must be drilled
close to the selenium rectifier. The
sitme precautions apply here,

Wiring

I'he civenit diagram is quite simple
and  few instructions are necessary.,
Connect R3, R4, and R6 to their re-
spective tie strips belore starting the
wiring. s the wiring progresses, vou
will find it necessary o remove the
lilter condenser, C2, in order to make
connections 10 the tube socket. It s
better  cither to allow ample  lead
length on that condenser or to connect

Fig. 1-9. Tube socket arrangement.



AMPLIFIERS AND INTERCONM SYSTLENS 103

SUPERHETERODYNE

=

/mwlmu
MMFD.

TRIMMER

Fig. 4-10. Oscillator coil junction.

it in the civcuit after the tube-socket
wiring is finished. Be very carelul in
bringing line-cord wires through the
chassis to the line resistor and scleni-
um rectificr. Any burr or sharp edge
on the holes through which the wires
pass may result in a ground and the
blowing of a fuse. Also note that onc
ol these wires (from line resistor to
sclenium rectifier) may be run above
the chassis.

Testing
You may find that, with the oscil-

PHONOQ JACK

Qo

LINE CORD

Fig. 4-11. Rear view of chassis.

lator close to the radio receiver, sig-
nals are strong enough. If they arc not,
connect a short length of wire to the
free end of C5. With the phonograph
in operation and the oscillator tuhe
warmed up, tune the radio receiver
until you hear the signals. If you are
using an oscillator coil with an ad-
justable tuning capacitor, tune the sct
to a spot on the dial where no broad-
cast signals are heard, then adjust the
oscillator trimmer until the oscillator
signals are as loud as possible. If the
signals do not seem strong enough,
try shifting the frequency: the sensi-
tivity of any radio sct varies consider-
ably over the entire range.

INSTALLING THE PHONO OSCILLATOR IN A
TABLE-MODEL RECORD PLAYER

The cabinets of many table-model
record players arce large cnough to
permit the installation of a phono-
graph oscillator or a small amplificr
within the cabinet, thus resulting in
a compact, portable unit. If, alter care-
ful mcasurement, you find that vour

record-player cabinet is large enough,
the installation can be made with very
little trouble. The probable position
of the oscillator is shown by the dotted
lines in Figure +-12, In manual players
there will most likely be ample area,
and the principal consideration will

PICKUP
TURNTABLE
\ ] .
-
A
’ A
[
] ]
[ I B
] [ {OSCILLATOR
X YU PRy S
t
SWITCHO |
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1

Fig. 1-12. Location of phono oscillator in record player.
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PHONQ OSCILLATOR LINE CORD
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RECTIFIER

TO FILTER CIRCUIT
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PHONO MOTOR LINE CORD

Fig. 1-13A. Connecting phono motor directly to oscillator.

then be the height ol the cabinet. In-
cluding the tube, the oscillator unit
will require a height of something
over three inches. 1t is  doubtlul
whether any ol the current models of
automatic-changer  cabinets will e
large enough to take this unit.

Often the bottom of the cibinet is
open, and it s necessary  to - fasten
the chassis to the instde wall of the
cabimet with two or more screws and
nuts. Countersunk-head  screws  are
reconmmended. IT the construction of
the player permits you to do so, fasten
the oscillator to the rear ol the cabinet
so that the serews do not show. Ol

PHONO OSCILLATOR LINE CORD

course, the switch shaft must pass
through a hole in the cabinet and this
location will put the switch ac the
rear—not a serious drawback. Drill
the holes in the chassis for the support-
ing screws first. Then, by measure-
ment, determine the position of the
hole for the switch shalt and drill
that. Hold the oscillator unit in posi-
tion, slip the screws through  the
cabinet and the chassis, and then
screw the nuts on. 1t will probably be
impossible 1o use a nut driver; hold
the nut with a pair of pliers as you
tighten the screw.

One or two clectrical connections

. TO LINE RESISTOR

SELENIUM
_RECTIFIER

= —3 5
[ ] L
TO B MINUS
—
c—
¢ TO FLTER CIRCUIT
SWITCH
2-POLE
FEMALE
PLUG CONNECTOR

PHONO MOTOR LINE CORD

=

SHORT LENGTH OF CORD

Fig. 1-13B. Connecting phono motor to oscillator using female connector.
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are needed to make a finished unit of
this project. The pickup must be con-
nccted to the amplifier, of course, and
1t is desirable for one switch to control
both phono motor and oscillator.
There are two ways to do this, The
first method is to connect the record-
player line cord dircctly to the oscilla-
tor, as-shown in Figure 4-13A. This is
the simpler method and no parts are
necded, but it has the disadvantage
that it it becomes necessary to remove
the oscillator unit at any time, the
connections must be unsoldered. A
much better way to do the job is illus-
trated in Figure 4-13B. You will need

INTERCOM SYSTENDMS 105

a two-pole. temale connector. This is
made in two parts and can be sepa-
rated for making connections by re-
moving two screws. Connect a short
length of rubber-covered line cord
to the connector; usually, a foot or so
will be enough. Referring to the wir-
ing diagram, note that one wire is
connected to the line terminal ol the
selenium rectifier and the other runs
to the terminal of the on-off switch
farthest from the line. When the
record-player line plug is inserted in
the connector, the on-off switch will
operate both motor and oscillator.

ASSEMBLING A RECORD PLAYER

A simple manual record player may
consist of only two main parts—motor
and pickup—and as a rule these parts
can be purchased separately and as-
sembled at a cost far less than that of a
commercially-built player. The lowest-
priced motors run {rom threc to four
dollars, and a fair pickup can be
bought [or about the same; this con-
trasts favorably with even the most
inexpensive player. On the other
hand, if you want something more de
luxe, you can buy a first-rate motor
and pickup for less than the cost of
an excellent player and, unless you
insist upon frills, the cost of the home-
made cabinet will be very little.
The first step in assembling a record
player is to sclect the motor and the
pickup. When we mention motor, we
consider it to include the turntable,
which comes with the motor. Motors
tall into two bhroad classifications:
governor-controlled and  rim-driven,
The first is the more expensive but in
most cases will maintain a more con-
stant speed. The motor (which may
be the same as used in the rim drive)
drives the turntable through a worm-
and-gear arrangement; speed is con-
trolled by a centrifugal governor. The
motor proper may be the same for the
rim-drive type, but in this case the
motor shaft has a roller of brass or

bronze. This roller bears against a
rubber drive-wheel, which rides on the
inner flange of the turntable. The
main weakness of the rim-drive is that
wear of the rubber tire decrcases the
speed of the turntable. And if the
rubber drive-wheel is allowed to rest
against the turntable rim for a long
inactive period, it is likely to develop
a flat spot, which may show up in the
music as a “wow,” or periodic increasc
and decrease in pitch. All things
considered, however, the rim-drive
motor is a rugged, fairly reliable de-
vice and is widely used in manual
players and automatic changers.

The motor

Three styles of rim-drive motor are
presently available: single-speed, for
78 r.p.m. records only; two-speed for
78 and 33-1/3 r.p.m.: and three-speed
for 33-1/3, 45, and 78 r.p.m. Which
style you choose depends, of course,
upon your present record collection
and what you intend to buy in the
future. You will remember, of course,
that one type of pickup is used lor 78
r.p.m. records only, while another is
needed for playing the 45 and 33-1/3
records.

The pickup
Pickups range in price from three
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—THUMB SCREW

Fig. 1-11. Thumb-screw cartridge.

dollirs upward. Ar fise glance there
scems to be little difference in their
comnstruction. But when we examine
them more closely, we find that there
are reasons lor the difference in price.
Ihe cheapest pickups are usually sold
without a stvlus, or needle: the car-
tridge usually has a thumb-serew (see
Ficure 1-11) for holding cither the
ordinary variety ol steel needle or a
more  expensive  Usemi-permanent”’
npe thae may be ased lor plaving
non records. Most of these operate
at o Jairly heavy stylus pressure—two
to three ounces. Next in the price
range is the pickup equipped with a
“precious” metal sivlus capable ol
plaving  several  thousand  vecords.
I'hese pickups are designed for much
lighter pressure, usually from one 1o
onc-and-a-hall ounces. The stylus tip
is made ol a havd meal, such as os
nim, and since replacement is neces.
sy only at inlrequent intervals, the
stvlus-retaining serew generally has a
slotted head, as in Figure <15, or o
recessed head (Alen typey . Most ex-
pensive of all is the pickup with car-
ridge equipped with o jewel sivlus,
‘usualhy dinmond or sapphirve. Because
ol their hardness and ability to ke
a e polish, such points can be used
for very long periods without undue
record wear, Furthermore, such pick-
ups are designed for exuemely light
pressure. usually from seven or eight
gris 1o one ounce. In many cases the
stylus cannot be replaced, and, if
necessary, the entire cartridge must

be changed. In other cases the stylus
can be replaced at reasonable cost.

Stylus and stylus pressure

I'ype ol styvlus and stylus pressure,
among other things, should be taken
into comsideration  when buying a
pickup. T'he lighter the stylus pres-
sure is o be, the more carefully a
pickup must he designed and balanced
and—it {ollows—the higher the price
will beo Bue with lighter  pressure,
hener balance, and accurate tracking,
it also follows that far less record wear
will occur,

Pickup cartridges intended for use
with the several different kinds of
records (78, 15, and 33-1,3 r.pan.)
must be equipped with two needles.
One. having a tip radius of 003 inch,
is used for 78 rop.m. records: the other,
with a tip radius ol .001 inch, lor both
15 and 33-1,3 r.p.on. Two needles e
needed  because the grooves in the
1 and 35-1°5 records are narrower
than in the 78 vopans Any attempt to
interchange necdles or cartridges will
surely result in damage to the record.
In players and  automatic  changers
designed for all three types of record,
the change-over can be handled in
any one of three different ways: «) by
using two separate pickups: b) by
using a “twrn-over” ype ol cartridge
with a stylus at cither side: and ¢) by
using a reversible stylus. 1 your record
collection includes 45 and  33-1/3
r.pan records and you want 1o build
a manual plaver at the lowest cost,

SET SCREW

STYLUS

Fig. 4-15. Set-screw type cartridge.
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you should be able to buy a three-
speed motor for under ten dollars and
a pickup equipped with a turn-over
cartridge for perhaps seven to eight
dollars. (These prices are the lowest
to be expected and can be obtained
only in large cities through large radio
supply houses.)

Constructing the cabinet

When building a manual player,
the procedure is the same whether it
is designed for single speed or for two
or three speeds. There is practically
no difference in the proportions of the
pickup and very little in the size of
the motor.

When you have the pickup and

Yixsxia
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glue should be used as well. 1f screws
are used, the flat-head type are prefer-
able. If you use nails, set the heads
slightly below the surface of the wood
with a nail set or a slender punch. Six
small wood screws (about 3/4 inch,
number 6) will fasten the top to the
sides. Do not usc glue on the joints be-
tween top and sides as you may want
to remove the top at some [uture time.
When the box is completed, sand it
well and apply a coat of shellac. Fol-
low with two or more coats of enamel
in the desired shade. The finished box
is shown in Figure 1-16.

I you prefer a cabinet in a natural
wood finish such as walnut or ma-
hogany, the material and the method

% x5x127,

Fig. 1-16. Record player cabinet.

motor, the next step is to construct the
cabinet. If it is to be painted, white
pine lumber or common plywood will
be suitable. You will need about five
lincar fect of 3/4 by 5 inch stock for
the sides. For the top, or motor board,
you will need a piece of 3/8-inch ply-
wood, 14 inches square. Cut four
pieces from the 3/4-inch stock, two 14
inches long and two 12-1/2 inches long.
Butt joint the ends of these pieces to
form an open box 14 inches square.
Either finishing nails or screws may be
used for fastening, but in either case

of construction will be somewhat dif-
ferent. For the sides and top, buy ply-
wood that is veneered on one side in
the desired wood. For the sides use
3/4-inch plywood, and for the top use
3/8-inch.

When building a cabinet in natural
wood finish, the end grain of the side
and end pieces will be unsightly un-
less the cabinet is built to conceal it.
There are many ways of doing this.
Figure 4-17 illustrates onc method, in
which the ends of the picces are
mitered and held together with glue
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Fig. 1-17. Joining corners (method 1).

and wood serews, The corner block.,
i the sketch, affords considerable
reinforcement. 0 this joint is used.
no end grain acall will be visible, but
some sKillis needed o make @ good
miter joint,

\n alternative method is shown in
Figure 1180 Here a litde of the end
arain shows but not enough 1o be un-
sightiv. For o cabinet ol the size sug-
gested, the corner blocks should he
fall five inches long and about an inch
squanre. Use #3 or #10 wood serews
-1 1 inches long. 1'wo screws driven
into cach side picee (total ol four for
cach corner ol the cabinet) will suflice.

When the glue has hardened, vou
are ready 1o imish the cabinet. Finish
the top ar the same time as the sides,
and do all inishing work on the top
bhelore cutting the opening for the
notor. Steps in finishing are: 1) Sand
with BO sandpaper. 2) Siain as de-

"7'/
\/ /| SIDE
A
I\
‘\"l',/
e
|
L |
FRONT
Fig, 1-18, Joining corners (method 2).
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sited. 3) For a cose-grained  finish,
apply a coar ol wood filler. Il an
“open-grain’ huish will be satisfactory,
the filler may be omitted. 1) Apply
a thin coat of shellacs when dry, rub
to dullness with 6-0 garnet finishing
paper. Hovou prefer a o duall finish,
apply a second coat of shellae, sand,
then apply o coat of paste wax and
rib. 3) For a high finish, follow the
first coat ol shellae with two coats of
rubbing varnish (or licquer. if you
prefer) . rubbing cach coat with 6-0
garnet paper. Rub final coat with very
line pumice powder and water.

Assembly

When the cabinet is finished, drill
the serew holes for Tastening top to
sides, You ave then ready to cut a hole
in the top lor the motor, T'he motor
iselis suspended from a motor plate,
which also carries the tarntable drive
wheel and 1the center pin. An open-
ing must be cue in the 1op of the
cabinet (o admit the motor: then the
motor plite is tastened in place with
several small wood serews. The cut-
ting ol this opening is simplified il
vou have the instruction sheet that
comes with o new motor. 'The istruc-
tions almost always include a tem-
plate lor cutting the motor opening,

Plice a sheet of carbon paper lace
down on the cabinet top. Place the
template over the carbon so the mark
indicating the record center pin is at
the center of the cabinet op. Then,
with a fairly hard pencil, trace the
lines marking the area 10 be cut out.
Drill several starting holes 1o admi
the saw, then cut with a coping saw or
narrow compass blade.

Lacking the original template, you
will have to make your own. Cut a
picce of crdboard to the same size
and shape as the motor plate. Mark
the approximate position and arca of
the cut-out on the cardboard, and
cut a small hole. Slip the template over
the motor and ey it for size. If the
cut-out nea s oo small, trim a bit
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nary white shellac as a base. Start with
a fairly thin mixwre. Add to it
cnough dry spirit-soluble powder stain
to give the desired shade. For a wal-
nut cabinet, Vandyke brown will give
a good contrast. On mahogany, usc¢
Vandyke brown mixed with some red.
The exact proportions are unimpor-
tant as long as the final product is
several shades darker than the cabi-
net finish, Of course, if the cabinet is
to be painted, it is only neccessary to
finish the inside edge of the opening
in the same color.

The next step is to cover the speaker
opening with grille cloth. It is pos-
sible to simply stretch the cloth over
the inside, but this is a little difheult
to do. A much better way is to cut a
cardboard mask an inch or so larger
each way than the opening. In the
center of the mask cut a round open-
ing to match the onc in the cabinet.
Cut the grille cloth a litde larger all
around than the mask. Apply a little
cement  (household cement will do)
to the front surface of the cardboard
mask, but be sure that the cemented
areas will not be visible through the
opening in the cabinet. Stretch the
cloth over the mask and apply weights
to it until dry. You now have a neat
grille that is casy to put in place; it
is only necessary 1o fasten the cloth
and mask to the inside of the cabinet
with several very small carpet tacks.
Figure 4-20 shows how to install the
grille cloth and mask.

When installing the amplifier in the

INTERCOM SYSTLENMS [

CEMENT HERE

CARDBOARD
MASK

HOLE FOR
SPEAKER

FINISH
EOGE

FRONT OF
CABINET

Fig. 4-20. Speaker grille assembly.

cabinet, refer to the instructions given
under the phono oscillator. For dia-
grams showing how to connect the
phono motor to the amplifier, refer to
Figures +-13A and 1-13B.

THREE-TUBE AC/DC AMPLIFIER

This three-tube amplifier using minia-
ture tubes features tone control and
a choke-condenser power-supply filter.
It is small enough to fit into the suit-
case type of portable phonograph.

Circuit description

See Figure 4-21.

A 2N duo-diode-triode tube s
used as the voltage amplificr. s the

diode plates are not needed, they are
tied together and connected to chassis.
A 50C5 tube drives the speaker. Al
though a 5-inch p.m. speaker is speci-
fied in the parts list, a speaker of any
diameter may be substituted, but a
larger size cannot be mounted on the
chassis. An electrodynamic type of
speaker may also be used, provided
that the field-coil resistance is approxi-
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mately 500 ohms. In this case, the field Transformers

coil is connected i~n place of the filter Tl output transformer, 3000 ohm
clmk'c, and the filter choke may be primary, 3.5 ohm sccondary;
climinated.

Parts list

R1
R2

R3
R1
R5
R6
R7
R8
RY
R10

PHONO
JACK

C1

C2

Resistors
500 K ohm, volume control
HOOK ohm, tone control, with
switch, SWI

700 K ohm, 1,/2-watt carbon
I 'megohm, T 2-watt carbon
5 megohm, 1, 2-watt carbon
270K ohm, 1/2-watt carbon
HO0K ohm, 1,/2-watt carbon
150 ohm, 1 2-watt carbon
15 ohm, | 2-watt carbon
120 ohm, S-watt wire-wound

Stancor type \-3877 or Merit
type A-3018

Speaker

5-inch PM  dynamic, 3.5-0ohm  voice

coil: Jensen P3-X or equivalent
Miscelluneous

3 7-pin miniature tube sockets

RCA-type phono jack

6 -1-36 x 3 /8-inch r.h. machine screws

6 4-36 hexagon nuts

I 2-point tie swrips

6H-52

6G-939

x 3 8-inch r.h. machine screws
hexagon nuts

_ 50C5
‘ T
SPEAKER
c3
008
R2
500K
o TONE CONT

s00k W, SWITCH

voL

CONTROL

35wa =l
s
+ + I
30MFD o 20MFD.
o o -
Re
1S
4 50C5 12476 lc a
3 IMFD.
1 SE /) s s
Swi MCF 7 mbe— RI0
: "T 120n

Fig. 1-21. Schematic diagram of a three-tube amplifier.

Condensers

30-20 mid., 150-volt clectrolvtic
(tubular)

006 mtd., 400-volt paper tubu-
lar

05 mld., 100-volt paper tubu-
lar

0T mid., 100-volt paper tubular

O1 mfd., 100-volt Paper tubular

-1 mfd., 100-volt paper tubular

1 mitd., 400-volt paper tubular

Colls

150-ohm, midset-type filter
choke

Line cord and plug

Push-back wire

Rosin-core solder

Chassis: 4 x 6 x 1-1/2 inches
Tubes

12016, H0CH, 35WH

Layout and assembly

Figure 1-22 is a top view of the
chassis, showing the position ol the
tube sockets, speaker, output trans-
former, and volume and tone controls.
F'he filter condenser, filier choke, and
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o o PHONQ JACK
[~ ] (4]
@ T Q,
SPEAKER

TONE CONTROL

VOLUME CONTRO|

Fig. 1-22. Top view of three-tube chassis.

tube-basing arrangement are clearly
shown in Figure 1-23, an underside
view ol the chassis, When the lavout
has been completed, drill and punch
all holes. Mount parts as shown in the
drawings, and you arce ready to wire.

Wiring

I he wiring ol this amplifier differs
materially from that used in any other
project thus far described. s vou will

TONE
CONTROL

note from an inspection of Figure 1-21,
the chassis is not used as a return con-
nection. This means that all wires
that would ordinarily be connected to
chassis are connected together and this
common B-minus connection is iso-
lated from the chassis. This kind ol
circuit is often referred 1o as a “float-
ing chassis.” You will notice that only
three components are actually con-
nected 1o chassis: the shell of the

b |

lll’

Cl

VOLUME CONTROL

PHONO JACK

Fig. 4-23. Underside view of three-tube chassis.
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S0CS 12476

Ce guium

Jufn
S

Fig. 1-21. Heater circuit wiring.

phono jack, one end of R3, and one
end of C6.

Referring to Figure 4-24, the heater
circuit, you will sce that, unlike most
sets and amplifiers, the switch 1s not
connected to chassis but instead there
is a wire connection {rom it to the #3
terminal of the 12016 tube socket.
Similarly, in the power supply circuit,
Figurc 125, the negative wire of the
filter condenser is connected directly
to the switch. Incidentally, this point
(as well as the #3 terminal of the
12AT6) is convenient for use as the
common negative; all wires that ordi-
narily would be connected to chassis
are connected to it instead.

Heatey Civewit: This  circuit s
shown in Figure 4-24. Be sure to ob-
serve the correct wiring order, other-
wise therc is a possibility of hum.
When the heater circuit has been com-
pleted, test it by measuring from B
minus (not the chassis) to the points
listed below, with an AC voluneter.

Test Point I'oltage
l)in 1, 120716 12

pin 4, 5005 62
pin 4, 35\W4 97

Wiring the power supply

Sce Figure 4-25 for a diagram of the
power supply circuit. Be sure that
the 30-mid. section of the filter con-
denser (usually the red lead) is con-
nected to the cathode of the rectifier.
The blue (or green) wire is connected
to the end of the filter choke farthest
from the rectifier.

When the wiring is finished, test
the power supply circuit by measuring
reststince values as lollows:

IFrom To Resistance
pin 7, 35W1 B minus over 50K ohms
plus termi-
nal ol 20-

mid. filter
condenser

If cither of the readings is much less
than 50,000 olins, check for a shorted
filter condenser section or for an ac-
cidental ground o B minus at the
test points, It the readings are normal,

35Swa
PSSR
1 u
7
B8 PLUS
+ +
sonm-L o 20mF0.

Fig. 4-25. Power supply circuit wiring.
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T
10 B PLUS
{FILYER CHOKE)

SYSTEMS 115

SPEAKER

g_3K

TO PLATE
OF 12AT6

T0 B MINUS
(LINE SWITCH OR
PIN 3 OF 124T6)

Fig. 4-26. Output circuit wiring.

make a voltage test as lollows:
To DC 1olts
B minus 100-120

From
pin 7, 35\W+
Posttive termi-
mitl ol 20-
mld. filter
condenser

B minus 90-100

Wiring the output circuit

‘The output circuit is wired accord-
ing to the diagram ol Figure 4-26.
Notice that the B-minus ends of R7
and RB are connected together, then
wired to either the line switeh or pin
5 ol the 12NT6 tube socket. Pin 6
(>ereen) ol the wube socket is con-
nected 1o the lower end of the output
transformer  (red wire), then hoth of
these are connected 1o the B-plus ter-
minal. This terminal is the end of the
filter choke farthest from the recti-
fier-tube cathode.

When the output circuit wiring is
complete, make an inital  test by
measuring resistance values as listed

helow:
I'rom To Resistance
pin | B minus 150 ohimns

500K ohms
over SOK ohms
over 50K ohms

pin 2(or 5 B minus
pini B minus
pinb B minus

Il all resistance values are normal, or
near normal, measure voltages and
compare with the chart below:

I'rom To DC T'olts
pin | B minus 8-15H

pin7 B minus 90-100
pin 6 B minus 100-120

Voltage amplifier circuit
Sce Figure 4-27.
In this circuit all the following

Ca
LOIMFD.
12476 . l
T0
GRID OF
PHONO Cs 50Cs
JACK 005
& rerze R2 Re
i 2708
300K
2
A
TO8 ALUS
10 B MINUS FILTER CHOKE

(LINE SWITCH OR
PIN 3 OF 124T6)

Fig. 1-27. Voltage amplifier circuit wiring.
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points are to be connected  together
and their junction then connected to
B minus (either at the line switch or
at pin 3 ol the 120716 socket) @ lower
end of R1; tower end of R3; pins 2,5,
and 6 of tube socket: lower end of R2,
Connect the lower end of R6 o the
B-plus terminal av the hlter choke.
Note that the shell of the phono jack
and the lower end of R3 e both con
nected 1o chassis.

Normal resistance readings {or this

FIVE-TUBE

This is a high gain, medivm-power
amplifier lor use with microphone,
phonograph, or radio tuner.  With
adequate speaker cquipment it is well
suited Tor moderatessized auditoriums,
as it delivers about ten watts to the
speakers.  Separite gain controls lor
microphone and phonograph are pro-
vided, as well as st tone control.

Circuit deseription

Sec Figure 1-28,

The output civcuit ol this ampli-
ficr is unusual in consisting of a 6F6G
and a 6AD7G. The 6F6G is a pentode
and, like most output’ tubes, may be
operated in push-pull to give greater
power output. In this particulr cir-
cuit, however, the opposite tube in
the pair is a 6AD7CG. This tube com-
prises a pentode that is similar to the
GIOG and also has aset ol triode elec-
trodes, which lTunction as the phase
inverter. Signals from the second audio
stage (6AU6) are applied to the grid
ol the triode section of the 6AD7G (as
well as to the grid ol the pentode sec-
tion) through C5. As in any tube, the
signal appeaving at the plate ol the
triode section is 180 degrees out of
phase with the grid signal voltage.
The out-ol-phase signal is fed to the
lower tube in the push-pull circuit
(the 61°6G)Y and thus provides an in-
version.

Signal voltages [rom a phonograph
pickup are applicd to the grid of the

RADIO
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cireuwit are:
From To Resistance

High side ol

phono jack chassis
Fhigh side ol

phono juck B minus 1.5 megolims
pin | B minas 5 megohms
pini B minus over 320K ohins

700K ohms

Normal voltage readings are:

From To DC olts
pin 7 B ominus 15
AMPLIFIER

GAUG second-audio amplifier. Signal
intensity s controlled by Ri. When
wsing . microphone, an additional
audio stage is emploved—the 6AV6,
For microphone work, volume is con-
trolled by R2. Fhe tone control cir-
cuit consists ol CH and RR.

Fhe powersupply filter circuit con-
sists of R1TL RI13, C7.7, and CR. You
will note that plate and sereen volt-
ages for the output stage are tiken
dircetdy from  the cathode of the
S5YBGT through R15. All other plate
and screen voltages,  however, are
taken from the end ol R1E in addi-
tion to the filtering action of R11and
C8, there is also R13, 22,000 ohms, and
C74A, a 20amld. 230-volt unit. Inci-
dentally, C7 (20 mld., 25 volts) and
C7A are combined in one container,
as indicated in the plan view ol the
chassis. But there is no reason why
separate condensers cainnot be sub-
stituted, it desivable.

Parts list

Resistors

R 2.2 megoluns, 1 Z-watt carbon

R2 1 megohm, microphone volume
control

R3 1 megohm, phonograph vol-
ume control

R 10 megohm, 1/2-watt carbon

R5 500K ohm, | 2-watt carbon

R6 330K ohm, 1/2-watt carbon

R7 120K ohm, 1/2-watt carbon
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Fig. 4-28. Schematic diagram of a five-tube amplifier.
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RS 100K ohm, tone conuol with
switch, S\

RY 470K ohm, 1 /2-watt carbon

R10 I megohm, [ 2-watt carbon

RI1I 360 ohm, watt wire-wound

R12 150K ohm, 1) 2-watt carbon
R13 22K ohm, l-watt carbon

R11 2,000 ohm. H0-watt wire-wound
R15 270K ohm, | 2-wau carbon
RI6 270K ohm, | 2-watt carbon

Condensers

Cl O mld., 600-volt paper tabular
2 A1 mid., 600-volt paper tabular
C3 O mld., 600-volt paper tubular

Gt L5 mfd., 600-volt paper tubular

CH 01 mid,, 600-volt paper tubular

(ot 01 mid., 600-volt paper tubutar

7 20 mld., 25-volt clectrolvtic

C7IA 20 mid., 2>50-volt clectrolyvtie
(combined with C7, alumi-
numcantype, vertical mount-
ing)

8 20-20 mld., 150-volt clectrolytic
Gluminum can wpe, verti-
cal mounting)

Transformers
1 Outpur vansformer, shielded

Bpe,  H0,000-0hm center-
tapped  primary, sccondary
to match desired speaker

T2 Power translormer, high volt-
age H00-0-350, 150 m.a.: ree-
tifier 5 volis, 3 amp.; heater
6.3 volts, 1 amp.

Miscelluneous

Chassis: 7 x 10 x 2 inches, steel

4 octal tube sockets

2 7-pin miniature tube sockets

RCA-type phono jack

Microphone  connector:  Amphenol
75-PCINM or equivalent

Line cord and plug

2. and 3-point tie strips

1-56 and 6-32 x 5 8-inch r.h. screws

1-36 and 6-32 hexagon nuts

10-24 r.h. machine screws with nuts
(lor transformers)

Rosin-core solder

Push-back wire
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Tubes
0ADZG, 6F6G, 6AUG, 6AVG, 5Y3GT

Assembly

Sec Figure 1-29 for a top view of the
chassis, showing locitions of trans-
formers, conwrols, tube sockers, and
filter condensers. Although the out-
put transformer is shown mounted on
the chassis, this may be altered to suit
your requirements. If vou intend to
use a smaller lighter type of trans-
former, it may be mounted on the
speaker itself. In that case, vou will
have o install a four-pin speaker
socket. If the amplifier is to be used
with speakers having different voice-
coil impedances, the output trans-
former should then have a tapped
secondary with aps at 4, 8, and 16
ohms,

Al three controls are mounted on
the front chassis apron near the lelt
end of the chassis to keep the wiring
short. For the same reason it will be
best 1o locate the phono jack and the
microphone receptacle on the left end
ol the chassis near the 6.AV6 tube
socket.

Wiring

Little in the way ol wiring deserip-
tion is necessary. The gain is mod-
erately high, so be very careful wo hold
grid and plate leads o minimum
length to-avoid the possibility ol in-
teraction. ‘The problem of adequately
connecting all components 1o chassis
will occur here, as in other amplifiers.
It is unwise to depend upon the
chassis iwselfl as a return connection
between parts. O course, looping a
wire Irom one part to the next may
be elfective, but is lar Irom neat. For
ajob that is both efhcient and neat,
make up a “ground bus.” This may
be a single heavy wire (#12 or 14
bare, tinmed) or may be made of sev-
ceral strands  of smaller bare  wire
wwisted together. Stretch the bus the



120 BU.Lo YOUR OWN RADIO AND HI-FI SETS

& 9 s
o
L) ) ]5
b4
(-] o
T
o ) Mo
b 3
-] ]
@ o|
T2
N Farr e
Lo~ o
® A@

Fig. 4-29. Top view of five-tube chassis.

entire length of the chassis, making
sure that there is a good electrical
connection to chassis at either end.
Resistors, condensers, tube-socket ter-

minals, and all other connection

points may now be wired directly to
the bus, with the assurance of low-
resistance contact.

PREAMPLIFIER FOR VARIABLE
RELUCTANCE PICKUP

The variable-reluctance-pickup car-
tridge is quite popular, particularly
among constructors and operators of
high fidelity equipment. This is due
to the unusual ruggedness of the car-
tridge, among its many desirable fea-
tures. It does have one disadvantage,
however, rather low voltage output.
The output is about 10 millivolts,
compared with as high as one volt or
more for crystal cartridges. When the
variable-reluctance  pickup is used
with a conventional amplifier, such
as the three-tube or five-tube units
described in this chapter, it is neces-
sary to employ a preamplifier between
the pickup and the main amplifier.
Figure 4-30 is the circuit diagram

of the preamplifier that General Elec-
tric recommends for use with their
cartridges. No details as to chassis,
parts layout, or arrangement are given
here, as it is possible to construct the
amplifier either as a scparate unit or
to incorporate the circuit in the main
amplifier. If it is to be a separate unit,
a small aluminum chassis measuring
about 3x3x1 inch will be large
enough.

This is a complete two-stage ampli-
fier, each hall of the 65C7 tube func-
toning as a stage. R6, R10, and C)
in this unit act as a tone-equalizing
circuit, and il the preamplifier is to
be used with an amplifier intended
for record reproduction, be sure that
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any tone-compensating  or  scratch-
filter circuits used in the main ampli-
fier are disconnected. Changing the
value of R7 will have a substantial
eflece on the high frequency response.
The value of 15,000 ohms specified in
the diagram is the average value, but
any value from 5,000 1o 50,000 ohims
may be used. Higher values will pro-
vide higher frequency response: for
maximum response, the resistor may
he omitted entirely.

Parts list

Resistors

INTERCOM SYSTEMS [¥i]
(@8] 05 mid., 400-volt paper tub-
ular
CH 01 mfd., 100-volt paper tub-
ular
Miscellaneous

Chassis: 3 x 3 x 1 inches, aluminum

I octal tube socket (non-microphonic
mounting preferred)

RCA phono jack

RCA phono plug

Shielded wire

S-point tie strips

2-point tie strips

6-52 x 3/8-inch r.h. machine screws

6-32 hexagon nuts

N g . <) .o Y .
Rl 68K ohms, 1 /2watt carbon Push-back wire
R2 33K ohms, 1/2-wate carbon Rexfimaore solda
R3 S3K ohms, 1/72-watt carbon
R G68K ohms, [/2-watt carbon Tube
R) 68K ohms, T 2.watt carbon 6SC7
B+ 100 VoHs
= cs
R3 RS
- 33K 68x OEMED)
] R2 AAA
" >3x SHIELDED
A caBLE
+ + A -
PLIFIER
20MFD. C 20MFOD [:19 Ré
L T— ) 2 6SC7 e
; L Ca
PHONOQ JACK OS5MFD
X Blc: 4 3 | |
2 | | 2D . = |
Jam 2 =t}
U R9 R10
Rg 33 27K
R7 a3 2 MEG.
15K MEG. 8 7
cs
1 TomFD
B MINUS
63V. AC. é
Fig. 1-30. Preamplifier for variable reluctance pickup.
RG 200K ohms, 1/ 2-watt carbon Assembly
R7 15K ohms, 1) 2-watt carbon Aside from the input and output
R8 3.3 megohm, 1/2-watt carbon terminals, there are lour external con-
RY 3.3 megohm, | 2-watt carbon nections to the preamplifier: B minus,
R10 27K ohms, 1 2-watt carbon B plus, and the two heater leads. B
Condensers ﬂxppl)’ is l'o I)c‘lrtmhl 80 to 100 \'oltf.
i i A 150volt el I'o use this unit with an AC ampli-
Cl 20-20 "'l(l ‘,l at-volt  clectro- fier such as the five-tube unit de-
lytic, tabula scribed earlier, it is necessary to ob-
(12 .0.’) nll(l., ‘“)()-\'Ol[ l)lll)(,'l' llll)- lllill hcu[cr .\u])l)ly \’()l[;lgc l)) con-
ular necting the heater wires to the 6.3-
C3 02 mfd., 100-volt paper tub- volt winding of the power transform-
ular er. 'The B-minus lead be con-

may
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nected directly 10 the chassis of the
main amplificr. B plus may be taken
from the end of R13 farthest from the
rectifier tube (see Figure 4-28) . If the
voltage at this point is still too high,
a dropping resistor may be connected
in scries. Too-high plate voltages may
result in microphonic noises.  Inci-
dentally, you may, find that in some
installations,  particularly when the
preamplifier is confined within a small
cabinet, there will be a tendency to
microphonic action. To correct the
condition, vou may have to install o
tube socket mounted on rubber sup-
ports. Another cure is o “float” the
preamplifier chassis on rubber mount-
ings.

For use with AC/DC sets or ampli-
fiers, different connection arrange-
ments are necessary, I the sev or am-
plifier uses S-aomp. tubes (2516, 2576,
etc.), the heater of the preamplifier
tube can be connected in series with
them, not forgeuwing to reduce the
value of the line dropping resistor o
compensate for the extra tube. You
may assume that the 65C7 tube has
heater resistance ol 21 ohms,

If the set or amplifier uses . 15-amp.
tubes, the 65C7 cannot be connected

BABY TENDER: A ONE-WAY

Among the varied applications of the
intercommunicator is its new role as
electronic nursemaid. With the master
station a few feet from the child's
crib and the remote speaker, or speak-
ers, in a strategic location, yvou can be
notified ol the child’s awakening in
any part of the home. However, com-
mercially made intercoms are not in-
expensive: some are rather elaborate
and almost all are designed for two-
way operation, a [eature that is not
at all necessary in this particular
service.

Figure 4-31 is the schematic dia-
gram of a simplificd one-way intercom
that can be built at low cost. It has
been trimmed down to perform one
specific duty. Muluiple remote stations
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in scries unless a rather complicated
system of heater shunts is devised. A
much simpler mrrangement is to sub-
stitute a 128C7, identical with the
6SC7 except for the heater ratings.
Again, it is important to lower the
alue of the line resistor used; in this
case allow 80 ohms for the 128C7. It
the heater voltages of all tubes in the
set or amplifier already total 117 volts,
the preamplifier tube cannot be con-
nected in series without operating
all tubes at reduced heater voltages,
which may reduce efficiency and attect
the tube life.

On any AC/DC set or amplifier the
required B voltage is readily obtained
by connecting the preamplifier B-plus
wire to the filter resistor or filter
choke. Be sure to connect to the end
of the resistor or choke flarthest from
the rectifiecr-tube cathode. The B-
minus connection must be made to
chassis or to B minus, depending upon
the wiring of the set or amplifier. I
the chassis is used as a common con-
nection, connect the wire to it. Should
you find that ali B-minus connections
are isolated from chassis, the wire
from the preamplifier may be con-
nected o [hc’(m-oll"swilch.

INTERCOMMUNICATOR

and a talk-listen switch  (making «
two-way unit) can be added, if you
wish: the procedure is explained at
the end of this section.

As you will see from an inspection
of the diagram, the circuit is a stand-
ard AC/DC amplifier with the addi-
tion of an input transformer and a
second speaker. In fact, any such am-
plifier (or the audio portion of a small
set) can be adapted to this job by
adding the wansformer and the
speaker.

The input transformer, T, has a
1 to 20 ratio; its primary impedance
matches the speaker voice coil, while
the secondary matches the tube im-
pedance. Air waves striking the cone
of speaker 1 (now functioning as a
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Fig. 1-31. Schematic diagram of intercom system.

microphone) cause the cone and the
attached voice coil o move. Motion ol
the coil through the strong magnetic
ficld ol the speaker scts up voltages in
the coil: these are applied to the grid
ol the 125Q7 through the medium ol
the wanstormer. Alter amplification
by the 12507 and 5016 wbes, signal
voltages wre applied o speaker 2
through the output transtormer. lere
the signals are converted back to the
original sound waves.

Construetion

The entire master unit may  be
built on a chassis measuring 5 by 7
by 2 inches. The chasis layout is
shown in Figure 1-32. T, the input
transformer, is mounted on the speak-
er, while T2 iy located near the vemn
ol the chassis. The remote unit con-
sists merely ol a second p.ny. speaker
and requires no chassis. Simply mount
the speaker in a box ol suitable size.
Four-inch P speakers are recom-

T2

SPEAKER
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T T2
{INPUT) e (OUTPUT)
12507 50L6
) ¢
£ [
seeavert § SPEAKER 2

K

Fig. 4-33. Adding a talk-listen switch.

mended lor this purpose, since good
low frequency response is not too im-
portant. A volume control is not
shown in the diagram but can be
added by connecting a 500,000-ohm
unit in parallel with the sccondary of
the input transformer. The end of Cl1,
which is shown connected to the top
end of the T'1 secondary (Figure 4-31),
will then be wired to the moving con-
tact of the control.

Parts list

Resistors

R 20 megohm, 1,/2-watt carbon

R2 100K ohm, 1/2-watt carbon

R3 270K ohm, 1/2-watt carbon

R 150 ohm, 1/2-watt carbon

R5 3000 ohm, l-watt carbon

R6 150 ohm, 10-watt wire-wound

R7 50 ohm, 1/2-watt carbon

8 Condensers

Cl 02 mfd., 200-volt paper tub-
ular

2 02 mid., 400-volt paper tub-
ular

C3 20 mfd., 25-volt electrolytic
(tubular)

C4 015 mfd., 400-volt paper tub-
ular

Ch 50-10 mfd., 150-volt clectrolytic
(tubular)

Transformers

Tl 1 to 20 turns ratio; Stancor
A-4705, Merit A-2919

T2 Output transformer, 2,000-

ohm primary, $-ohm scc-
ondary: Stancor A-3876 or
equivalent

Speakers

D)

-

l-inchv PM dynamic, 3-ohm voice
coil: Jensen P4-X or equivalent

Miscellaneous
3 octal tube sockets
Line cord and plug
Single-pole single-throw rotary switch,
SWi
4 2-point tie strips
6-32 x 3 /8-inch r.h.anachine screws
6-32 hexagon nuts
Rosin-core solder
Push-back wire
Tubes
125Q7. 50L6GT, 35Z5GT

Assembly

Assembly and wiring procedure are
the same as for the three-tube ampli-
fier described earlier in this chapter.
No special comments are necessary.

Alter the unit is built, it is con-
nected to the remote speaker, using
any type of twisted-pair wire. The
line carries no appreciable voltage, so
that particularly good insulation is
not required.

Talk-listen switch; multiple stations

Figure 4-33 shows the circuit used
when adding the talk-listen switch. In
most applications, it is desirable to
have the master station normally con-
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nected in the listen position. This is
accomplished by using a spring-return
tvpe of switch, wired so that, with the
switch in normal position, the master-
unit speaker is connected o the out-
put translormer, T2,

If you wish o add more than one
remote speaker and also wunt o be
able to wlk o each station individual-
ly, the circuit of Figure 1-51 should
be used. The remotestation selector
mav be aset of push bhutton switches

T2
QUTPUT
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(like those used lor station seles ion
on sets afew years ago) or you niy
use a rotary switch instead. Notice
that only one remote station is able 1o
talk to the master station—the one
whose switch is left in the depressed
position. I all remote stations are to
be able to talk to the master station
at any time, then the remote speakers
mist be wired in parallel. In that
ciase, conversation bhetween master and
remote will be overheard by all other
remote stittions.

TALK-LISTEN
SWITCH

REMOTE STATION SELECTOR

KéK[K K

Fig. 1-34. Adding multiple remote stations.
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Chapter 5

How to Build High
Fidelity Systems

Tnm\\' there is an ever-widening
circle ol people, dissatisfied with
ordinry, commercially built radios
and phonographs, who are turning to
more highly specialized—and olten in-
dividually designed—equipment that
can reproduce music move nearly like
the original. 'This group is growing so
rapidly, in fact, that it has attracted
the attention ol receiver manulac-
turces, who are now I)cginning to ofler
high fidelity equipment. .

True high fidelity cquipment is
quite expensive but, as we point out
later in this chapter, there are com-
promises that can be made. While
such compromises do not allow the
very best results that top-notch high
fidelity cquipment is capable of, the
quality will still be far better than
can be obtained [rom ordinary sets
and amplifiers.

What is Hi-Fi?

I’(',rlmps' we should clearly define
“high fidelity.” Basically, high fidelity
relers to apparatus for reproducing
recorded or broadcast music as faith-
fully as possible. More technically, it
means that all sounds, {from the lowest
to the highest in pitch, are not only
reproduced  but reproduced cqually
well. T'his may be taken to mean, in
the strictest sense, all sounds having
[requencies between 15 and 15,000
cycles per second.

Let us assume for the moment that
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you are not particularly interested in
broadcast reception but that vou do
want to assemble a unit that will re-
produce recorded music that sounds
as nearly as possible like the original
performance—and that vou would like
to do this at moderate cost. 1'o find
out how far we may deviate {rom true
high fidelity and yet get acceptable
results—to discover how much we are
willing to sacrifice in order 1o keep
the cost within reason—we must first
understand where and how much ol
the original tonal quality ol music
may be lost.

In ity journey from record o loud
speaker, the music is handled by secv-
cral different units. Each of these can
affect the final result either favorably
or unfavorably, depending upon the
technical perfection ol the unit. These
units are: () the record iwsclf: (b)
the record plaver, comprising motor,
pickup, and stylus: (¢) the amplifier;
(d) the speaker: and (e) the speaker
“haflle,” or enclosure.

Limitations of the units

Let’s tuke a briel look at each unit
and its possible shortcomings. Later
on we will go into more detail as we
stare to use the units,

All the items mentioned can be ex-
cellent or sadly deficient. Generally
speaking, the deficiencies arise as a
result of cutting production costs. If
you have not already made the dis-
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covery, you will soon learn that true
high fidelity can be, and usually is,
expensive,

The one exception is the record.
Prices are fairly well stabilized among
the various manufacturers and both
excellent recordings and extremely
bad ones have been offered at iden-
tical prices. The newer recordings,
made at 33-1/3 and 45 r.p.m,, are al-
most always superior to the older 78
r.p.m. in both fidelity and absence of
surface noises. And remember, no
matter how cflective the amplifier and
speaker, you cannot get any more
from a record than the manufacturer
put into it. A\ scratch filter will re-
move some of the surface noise but
only at the expense of removing some
of the higher notes, too.

When we come to the record player
we are likely to receive a surprise here
and there. We have often compared
the rendition of a record on an ex-
pensive well-built unit and on a low-
priced portable player, only to find
that the cheap player appeared to
give much better, easier-to-listen-to re-
sults than the high fidelity equipment.
It is hardly necessary to add that the
record was not one of those brilliant,
almost flawless gems that are becom-
ing more common today but just an
ordinary, run-of-the-mill record. What
happens here is, of course, that certain
deficiencies in the record player com-
pensate tor other shortcomings in the
recording. It is quite possible for an
amplifier deficient in the higher tones
to compensate for distorted highs in
a recording, simply because the highs
become inaudible. Again, some of the
older records, made before electrical
recording methods were introduced,
usually sound a bit better on an am-
plificr with  booming, exaggerated
bass response. Many people have been
“unsold” on high fidelity because their
first experience consisted ol listening
to poor recordings. It is true that
some low-priced equipment will elimi-
nate much of the surface noise present
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in a poor recording, but this does not
mean that such a system is good or
desirable. High fidelity will instantly
disclose such flaws in a recording,
which is why high fidelity fans select
their records with extreme care and
buy only after they have heard a rec-
ord on their own unit or one ot com-
parable quatlity.

In building high fdelity equip-
ment you shall find that a record
player (or automatic changer) cap-
able of first class results will not be
prohibitively expensive. The low cost
of today’s good crystal and magnetic
cartridges has helped to keep down
the cost of a first class player or
changer. A good record player must
be capable of delivering to the ampli-
fier an accurate reproduction of the
recording: more than that, it should
handle records gently. This means
that the pickup arm, cartridge, and
stylus should be designed with a view
to kecping record wear at a minimum.
These requirements can best be met
by using a good jewel stylus in a pick-
up that exerts low stylus pressure
and “tracks” properly. Good ‘track-
ing” means that the axis of the car-
tridge is always tangent to the record
groove. It is almost impossible to
realize perfect tracking on account of
the differences in groove diameters
from the edge of the record to the
center. But tracking error can be kept
to a minimum by using a long pickup
arm.

The heart of the system

Now we comec to the amplifier,
heart of the system. Here we find,
strangely enough, that almost any
well-designed amplifier is capable of
near-high-fidelity results. In the ordi-
nary lactory-assembled receiver, how-
cver, the amplifier is “strangled” by
the speaker associated with it

The speaker is the most discussed
and most expensive component in a
high fidelity system. Ordinary speak-
ers, like those used in even high-
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priced commerdial sets, are incapable
of reproducing frequencies as high as
15,000 per second: many do not reach
even 10,000 cycles.

There are several ways of minimiz-
ing this difhculty without purchasing
one of the special speakers selling at
prices from one hundred to five hun-
dred dollars. The first, simplest, and
cheapest way is to buy an “extended
range” speaker that is a bit betwer
than the type used in ordinary sets
but cannot be classed as high fidelity.
Many of these will go to (and a few
of them beyond) 12,000 cycles. The
average cost is from twenty to thirty
dollars.

The next possibility is to use two
speakers: one, a large-diameter cone
for the low frequencies (a *“wool-
er”): and the other, either a small
cone or a horn for the high notes (the
“tweeter”). Some constructors use a
large cone (up to 13-inch diamcter)
as a wooler and an array of several
small cones (three- to five-inch diame-
ter) for the tweeter section. It is
usual to employ a cross-over or [re-
quency-dividing network to direct the
lower notes to the woofer and the
higher ones to the tweeter, although
this is not absolutely cssental, as
noted later on. (We are not now dis-
cussing true high fidelity but a com-
promise arrangement.)

Finally, you may prefer to use one
of the many moderately priced duplex
speakers marketed under trade names
such as “coaxial” and “cinaxial.” This
kind consists of a large speaker with
a much smaller one mounted con-
centrically within it. Sometimes the
tweeter unit is a small cone, but in
other types a multi-cellular horn is
used. Some makes require an external
cross-over network, while others have
the network built in. Prices range
trom thirty dollars or so for a fair
unit to two hundred or more for a
really excellent one. Your choice of
speaker will depend to some degree
on the thickness of your wallet, but
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dollar for dollar there is little to
choose among different makes.

Getting back to the amplifier, the
only component in the system that
you can build yoursell aside from the
speaker enclosure, we give herc plans
for two different units, cach capable
of delivering about ten watts to the
speaker or speakers. As explained in
Chapter 4, this is about the minimum
power for homc use if the amplifier is
to be able to handle large power
peaks.

In the output stage of any amplifier
we have a choice of triodes or pentodes
(beam power tubes). Unless means
are taken to reduce it, a beam tube
has a plate resistance so high that
making a match between it and the
output transformer is impracticable,
if not impossible. Since inductance
drops oft with a reduction in fre-
quency, the mismatch between tube
and output transformer becomes far
more aggravated at the bass end of
the register. Of course, this trouble,
like many others, can be resolved at
a price. There are available output
transformers ol excellent quality that
will adequately match the high im-
pedance of beam tubes, such as the
6V6 and 616, but they are quite ex-
pensive, and we arc alter fair to good
quality at a reasonable price.

Triodes, on the other hand, have
an inherently low plate resistance,
which makes it easier to achieve a
proper match with an ordinary, lower-
priced output transformer. Although
the discussion of triode versus beam
tube still rages, it is a fact that most
high-fidelity enthusiasts prefer triode
tubes.

The first high fidelity amplifier
project will consist of a pair of triode
tubes, a phase inverter stage consist-
ing of a dual triode, and a pentode
tube as voltage amplifier. Following
this, we shall take up the construction
ol a much more elaborate, seven-
tube amplifier. This will incorporate
a built-in preamplifiecr for magnctic
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pickup cartridges, bass and  ueble
controls, phase inverter and  driver

FIVE-TUBE

The complete cireuin diagram of this
project is shown in Figure 5-1.\, Tt is
designed {or AC operation. Al heat-
er, phate, and sereen voltages are sup-
plied by the power transformer, T,
‘There are two separate heater wind-
ings. one for the output tubes, the
other for the voltage amplifier and
phase inverter. ‘T'he reason for using
two separate windings is that the 651G
output tubes ave of the filament tvpe:
hiasing is by means of a resistor con-
nected in o the center tap ol the hila
ment winding. It would be undesir-
able o apply this bias voltage o the
heaters of the other tubes: hence, the
separate heater winding,.

1he HULG rectifier tube derives its
plate voltage from the center-tapped
710volt winding ol the tansformer.
\ler rectification. plate voltage for
the output stage is taken from the Lar
end ol the filtey choke, L1, Plate volt-
age lor the phase inverter stage and
plaue and screen voltge for the volt-
age amplifier stage arve further Gileved
by the resistor R135 and the condenser
6,

Uhe voltage amplifier stage is 2
H6AU6 tabe. Signal voltages are taken
from the phono jack and their level
controlled by the potentiometer, R15.
Note the use of the sereen dropping
resistor, R8, and the sereen by pass
condenser, €2,

Signals appearing in the plate cir-
cuit of the 6AUG wube ave applied 10
the grid (pin 1) ol one section ol the
GSNTGE phase inverter. 'Fhe output
ol this section ol the phase inverter
is coupled divecty to the grid ol one
ol the 6B1G output wubes. Grid volt-
ages lor the remaining section of the
GSNTGT s derived from the tap on
the 6BAG grid resistor: this results in
a phase displacement of the grid volt-
age. The outpur of this second hall

RADIO AND HI-FF SETS

stages, and, ol course. a push-pull out-
pui stage ising a pair ol wiodes.

AMPLIFIER

of the inverter tube is fed to the grid
ol the other 6B1G output wube. This
is a balanced phase inverter. Notice
that the output transformer has o
sccondary tapped at 1. 8 and 16 ohms,
thus providing for speakers of diller-
ent voice-coil impedances. Such an wr-
ringement is desirable when the am-
plifier is 1o be used with a variety ol
speitkers or when series or parallel
operation ol speakers is required. 1
vou intend 1o emiplov the unit with a
single speaker at all times, we suggest
that vou use an output transformer
having an untapped secondary wind-
ing of the correct impedance to match
vour speaker.

‘The 6B1G tube is a filament type
ol tiode with an octal base: it is
clectrically identieal widy type 6.3,
which has a four-pin base. Although
the 6.3 is now manuflactured in lim-
ited quantities for replacement pur-
poses only, il you happen to have this
tvpe on hand there is no reason why
a substitution cannot he made. An-
other  possible  substitution is  type
23, which is similar o the 6.5 and
GBIG except lor fikonent voltage.
which is 2.5 instead ol 6.3, Such a
substitution will requirve the use ol
a power transformer with G.5-volt, 5-
volt, and 2.5-volt heater windings or
ol a conventional wtransformer with
G.a-volt and 5-volt windings, plus a
separate 2.5-volt filiment transformer.
There will be no dillerence in the
pertormance ol the amplifier which-
ever nype ol output tube is used.

Parts list
Resistors

R 270K ohms, 1 2avatt carbon

R2 10 mesohm. | 72avatt carbon
o

R I mecohm, T 2-watt carbon
=

R HMOUK ol b 2avatt carbon

R5 250K olims, 1 2avatt carbon
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Fig. 5-1A. Schematic diagram of a five-tube hi-fi amplifier.
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Fig. 5-1B. Use of separate lilament transformer.

Qawvintt carbon
2awatt carbon
2awvatt
Dawatt
Yawatt carbon
2owatt carbon
Cawitt carbon
l0awaty,  wire-

500 ohms, |
1SO0 olins, |
SOK ohms, | carbon
SOK ohms, 1 carbon
150K ohms, |
IROK olins, |
2'_’|\ ()||Ill\. |
2500 ohins,
wound
780 ohans, T0-wat, wire-wounnd
I megohm, volume

with switch, SWI

control

Ceondensers

01 anld.. 600-volt paper tubu;

Lar

0 mld., 609-volt paper tubu-

01 mld., 600-volt paper tubu-

lar

02 mifd., 600-volt tubular
02 mild., 600-volt paper tubu-

6846

(@

(o

8

9

6846

3

20 mld., 150-volt electrolytic,
aluminum can, vertical
mounting

30-30 0 mld., 1H0-volt electro-
Ivtic, aluminum can, verti-
cal mounting

50 mld., 100-volt clecuolytic,
aluminum can, vertical
mounting

1 mid,, 600-volt paper tubulu

Transformers
Power vansformer. For 684G
or A5 wubes: high voluage

570-0-570  volts, 150 m.a.:
heater (output) 6.3 volts, |
amp.s heater 6.3 volts, |
amps rectifier 5 vols, 3

amp, CTC type PCC-150 or
cquivalent.

RPN | © et M . .
For 235 tubes: high voltage

W

2\

730 IOV IT (VIO

Fig, 5-1C.

29 - 75O0MMS EACH

375-0-375  volws, 1830 m.a.:
heater (output) 2.5 volts,
Ris
Ce

Use of untapped filament winding.
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3.5 amp.: heater 6.3 volts,
3.3 amps.; rectifier 5 volts,
3 amp. Stancor type P-6008
or equivalent.

T2 Output transformer. Push-pull
type, primary impedance
5,000 ohms: sccondary im-
pedance to match speaker.
If a tapped secondary is de-
sired, use Stancor type A3800
or C'TC type PCO-80.

Colils

L1 Filter choke 12 henry, 230 ohm,

150 milliimperes

1 8-32 x 1, 2-inch r.h. machine screws
with nuts

4 10-32 x 1/72inch r.h. machine
screws with nuts

1 output terminal strip, screw type
(number of Yerminals depends
upon output transtormer used)

- “ne cord and plug

Chassist 7 x 10 x 2-1/2 inches, steel

K »in-core solder

Push-back wire

Tubes
O6B4G (2), 5U4G, 6AUG, 6SNTGT

) 0
o o
o
[ PHONO
JACK
o
\ﬁ‘VONME CONTROL
Fig. 5-2. Top view of five-tube amplifier chassis.
Miscellaneous Chassis layout and assembly

1 RCA-type phono jack

4 octal tube sockets

I miniature 7-pin tube socket
3 Z-point tie strips

4 3-point tie strips

2 136 x 3 8-inch r.h. machine screws
2 4-36 hexagon nuts

36 6-32 x 3 /8-inch r.h. machine screws
36 0-32 hexagon nuts

Sce Figure 5-2.

As in most other radio equipment,
it is desirable to keep the power sup-
ply  components, particularly the
transformer, as {ar from the input
circuit as possible. Note that the pow-
er transformer is mounted at one cor-
ner of the chassis and the 6.AU6 sock-
et, together with volume control and
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Fig. 5-3. Bottom view of tube sockets.

phono jack, at the diagonally oppo-
site corner. "The output transformer
is located with its core at right angles
to the core of the power transformer,
even though both transtormers arc
shiclded. The 5U4G rectifier tube and
the filter condensers are at the right
side of the chassis. 'The center of the
rectificr socket is about 2-1/4 inches
from the front edge of the chassis and
2 inches from the right end.

Lay out the positions of the output-
tube sockets so that they are at the
left rear of the chassis, as shown in
the drawing, 1t the center line is about
1-8 1 inches from the left end of the
chassis, you will have ample space.
As indicated in the drawing, the two
sockets are spaced about 2-1/8 inches
between centers, which is rather close
but is still enough to prevent the two
glass envelopes from touching. 1t you
find by a wriad that the tubes will be
in contact when thus spaced, the front
socket may be moved slightly forward.
The center of the 6SN7GT socket is
1-7 /8 inches from the front edge of the
chissis and 2-7/8 inches from the left
side. The center of the 6AUbG socket

may be 3/4 inch from the front edge
of the chassis and about onc inch from
the leit. As you will observe in the
sketch, the phono jack is located just
opposite the 6ATU6 socket; its vertical
position is midway of the chassis
apron, The center of the volume con-
trol shaft is  approximately 2-1/8
inches from the left end of the chassis
and midway between top aned bottom
on the front apron. The output termi-
nal strip, not shown in the illustra-
tion, is mounted on the rear chassis
apron, just below the output trans-
former. You will also necd a hole for
the line cord, located on the rcar
apron near the right rear corner. Un-
der the power and output transform-
ers there will be holes to accommo-
date the transtormer leads; their nume-
ber and positions will depend upon
the construction of the individual
transformers.

Tie strips required are located as
follows: two 2-point (or a single 3-
point) for R10 and R11, located be-
tween the two output tube sockets;
one 3-point near the 65SN7G I' socket
lor R8 and RY; one 3-point for R3

sw

==

6846
Rie
2| 780N
+ -
6SNTGT
Co
SOMFD.
i o b )
63V,
V46

Fig. 5-1. The heater circuit.
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and R, located near the 6AUG sock-
et; two 2-point near the 6AUG for R2
and Cl: one 3-point for R14; and one
2-point for R13. The 2-point strips
ordinarily require one mounting hole
and the 3-point need two holes. 1f
tube sockets do not have ground
terminals, install such terminals un-
der screws at strategic points.

Wiring

ay IHeater Circuit. See Figure 5-1.

The transformer primary circuit
consists of the line cord and plug, the
switch, SWI1, and the transformer
primary winding. The primary wires
are usually color-coded black. Do not
omit condenser €Y. When wiring the
rectifier, heater, and output filament
circuits, refer to Figure 5-3 for a bot-
tom view of the tube sockets.

In somc localities it may be diffi-

T

hand a translormer that fills all speci-
fications except for the center-tapped
winding. In that case, use the arrange-
ment shown in Figure 5-1B. Notice
that a center tap is set up by using
the two resistors connected in series
across the transformer winding. The
resistors may be of any value {rom
about 25 to 70 ohms and should he
capable of dissipating about 5 watts.
Although this arrangement is a bit
bulky, it may save buying a trans-
former.

by Power Supply Cirvcuit. See Fig-
ure 5-5.

As the heater of the rectifier tube
is already wired, it is only necessary
to connect the high voltage leads (al-
most always red) to the plates ol the
rectifier socket and the high voltage
center-tap (red and yellow) to chas-

8+FOR

8+ FOR 6SNTGT

6846 TUBES  AND 6AUS
A A

Fig. 5-5. The power supply circuit.

cult to obtain exactly the type of
power transformer nceded for this
amplifier. For that reason, the alter-
native scheme, shown in Figure 5-1A,
is offered. Herc a small, separate fila-
ment transformer for the 6B41G  (or
2A3) output tubes is used; it is wired
as shown. If 2A3 wubes arc to be used,
the filament transformer should, of
course, have a 2.5-volt center-tapped
secondary winding.

It is possible that, although unable
to get a transformer with a center-
tapped filament winding (needed for
the output tubes), you do have on

sis. B plus may be taken from either
pin 2 or pin 8, as in the sketch. Notice
that the filter choke and filter resistor
are in series. B supply for the output
tubes only is taken from the choke.
All other plate and screen voltages
are taken from the filter resistor, R13.

€) Qutput. Circuit. Sce Figure 5-6,

The secondary terminals of the out-
put transformer are wired to the out-
put terminal strip, located on the rear
chassis apron below the transformer.
The diagram shows a transformer
with secondary taps at 4, 8, and 16
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ohms, but the wanstormer actually
used will depend upon the speaker
systend you intend o purchase.

R10 and RI11 should be mounted
on a 3-point tie strip located between
the two sockets. R12 can be connect-
ed from the junction of R10 and R11
1o chassis. Incidentally, R12 is actu-
allv o part ol the grid resistance for
the upper 6B4G tube. R0 and R12
together constitute a voltage-divider
circuit: the voltage applied o the
grid ol the 6SN7GT inverter tube de-
pends upon the vatio of R12 and R10,
In this case, about 15 per cent ol the
total voltage is applied to the inverter
grid. Note that the connection lrom

Ca
02MFD

TO PIN2 OF
6SN7GT

s

TO PIN 4 OF 6SN7GT
(SEE PHASE INVERTER
DIAGRAM)

Cs
Q2MFD.

|
TO PIN 5 OF
6SNTGT
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dy Phase Invertery Circuit. See Fig-
ure 5-7.

Belore starting the wiring, R8 and
RY should be mounted on a 3-point
tie strip located close to the wbe
socket. R6 and R7 are conmected be-
tween the cathode terminals and chas-
sis and therelore need not be support-
ed on swrips unless vou prefer this
aramgement. This alsocapplies to R)
and C3.'The junction of R8 and RY
is connected to B plus at the end ol
the filter resistor, R13. The coupling
condensers, C1 and ), which were
left unconnected in the previous cir-
cuit, are now wired to the plate termi-
nals 2 and 5. \s noted above, be sure

T2
[[:Ys¥
sn
an
TO8+
(SEE POWER
SUPPLY DIAGRAM}

Fig. 5-6. The output circuit.

the junction of R10 and R12 to the
arid ol the 6SN7GT is not made until
the next stage iy wired.

Cloand €5 may be connected di-
rectly from the output tube grids to
pins 2 and 5 of the 6SN7GT, or they
may be mounted on tie strips: the
latter arrangement is 1o be preferrved.
Be carelul to obscrve the connections
indicated in the drawing: C4 must be
connected o pin 2 ol the 6SN7GT,
and CH o pin 5.

10 observe the proper connection ar-
rangement here, otherwise the circuit
will not work properly. Connect pin
b to the junction of R10, R, and
R12. R5,7the grid resistor, may be
connected directly from the socket
terminal to chassis, and €3 between
the 6AUG and 6SN7GT tube sockets,
or these parts may be supported by
tie strips, as vyou choose. I'he use ol
the tie strips is optional in some cases,
but in others is nandatory.
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}zSSN7GT 310 Cé
2
1 Re
on%sio *: ox
] . -w
- |
TOPNS Il —'
OF 6AVE RS U -
S0X
3
:‘5%01\ 08+
(SEE POWER
SUPPLY DIAGRAM}
R? TO JUNCTION POINT OF
R10, Rit AND R
> 10000 (SEE QUTPUT CIRCUIT
'\IAPDAM)
L
f—--
—
SRV I <
) R9
'\/ ‘
S 27O CS
/4 6SNTGT
Fig. 5-7. Phase inverter diagram.
e) First A.F. Cirvcuit (Voltage Am- er point for this connection. C2 nuy

plifier). See Figure 5-8.

Since R3, R4, R2, and Cl cannot
be supported by socket terminals or
other connection points, it is advis-
able to mount them on tie strips be
forc beginning the actual wiring of
the circuit. Use a 3-point strip for R4
and R4, and another for R2 and CI.

Connect a short jumper wire be-
tween socket terminals 2 and 7, then
connect 7 to chassis. The junction of
the plate and screen resistors, R3 and
R4, 15 wired wo B plus, at the far end
of the filter resistor, R13. Reference
hack to Figure 5-5 will show the prop-

6AUS

now be connected from the socket
terminal (pin 6) to chassis. Connect
C3 between pin 5 (the plate termi-
nal) and pin 1 of the next tube, the
6SN7GT.

It the phono input jack and the
volume control have been placed
quite close to the 6.AU6 socket, as in-
dicated in the assembly drawing, the
wiring between the jack, the volume
control, and the grid of the tube will
be short, and there will then be slight
possibility of hum pickup. R1 is con-
nected directly between the high side
ol the phono jack and the movable

TOC3

[ J
oluio,
| 1
R2
Ais 10 MEGONMS

VOLUME
CONTROL
| MEGOHM

/
108+
{SEE POWER
SUPPLY DIAGRAW)

Fig. 5-8. The first A. F. circuit.
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contiact ol the volume control. The
high side ol the control is connected
to the tube grid (pin 1) through con-
denser C1. R2 is connected from this
point to the chassis. This completes
the wiring.

Testing

Fhe rough operation test described
in connection with other projects in
this book—touching the tube grids
with o sorewdriver—may  be  used
here. Touching the grid of the 6.AU6G
tube should produce a very loud hum
or buzz. A similar check made at the
atid of the 6SN7GT tube (pin 1) will
be somewhat less eflective, as only two
stages are then working. At the out-
put-tube grids vou should get a no-
ticeable, but not loud, buzz:; this is
hecause the gain ol this triode stage
s quite low.

For yvour convenience, the normal
yesistance and  voltage measurements
are given below, together with some
suggestions  for  diagnosing  woubles
that may arise.

a) Qutput Stage. A values apply
to cither tube, unless otherwise noted.

Resistance meastrements:

I'rom To Olins
pin i chassis  over 100K
pin2ory chassis 780

pin 3 (upper tube) chassis 172K
pin 3 (lower tubey chassis 180K

Voltage measurements:

I'rom To DC Volts
pin 2 or 7 pin 3 approx. 500
chassis pim 3 approx. 360
pin 2 oor 7 pin b ~60
chissis pin b 0
pin 2 or 7 chassis 60

A conmmon wrouble in push-pull
output stages iy excessive hum. You
mav determine whether or not the
hum arises in the output stage by re-
moving the 6SN7GT wube from its
socket with the set in operation, 1{
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there is no change in hum level with
the tube removed, then the trouble is
in the output stage. Common causes
of hum include: circuit unbalanced
due to poorly matched tubes; one-
half of output wransformer primary
winding open. A shorted coupling
condenser (Gt or C3) may also cause
high hum level, but in that case the
arid of the tube connected to the de-
lective condenser will show a positive
voltage reading to chassis.

DY Phase Inverter.

Resistince measurements:

From To Ohims
pin 1 chassis 250K

pin 2 chassis over 100K
pin 2 B plus 0K

pin 3 chassis 1500

pin 4 chassis infinity
pin 5 chassis over 100K
pin 5 B plus H0K

pin 6 chassis 1800

Voltage measurements:

I rom To DC Volts
pin 2 chassis 175
pin b chassis 175
pin 3 chassis 4
pin 6 chassis -4
pin 1 chassis 0
pin chassis 4

It this stage appears to he inopera-
tive, look lor a shorted or open cou-
pling condenser (C3) or a defective
tube. A shorted coupling condenser
will become evident by the positive
voltage existing between grid and
chassis. Aside from these possibilities,
and assuming that the circuit is cor-
rectly wired and all values as speci-
fied, vou should encounter no trouble
in this stage.

o) Voltage Lmplifier.
Resistance measurements:

FFrom To Olims
pin 1 chassis 10 meg.
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pin 2 chassis 0

pin 5 chassis over GO0OK
pin 6 chassis over | meg.
Jin H B plus 500K

1 1

pin 6 B plus I meg.

Voltage measurements:

From To DC Volts
pin 1 chassis 0
pin 2 chassis 0
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pin b chassis approx. 125
pin 6 chassis approx. 7b
pin 7 chassis 0

Il screen voltage is lacking, look lor
open R3 or shorted C2. Low voltage,
excessive hum, and no signal indicate
an open grid circuit, probably the
gridd resistor, R2. Normal voltages,
hum level normal and no signal may
mean that C1, R15, or R1 is open.

SPEAKERS FOR HIGH FIDELITY SYSTEMS

Earlier in this chapter we touched
rather lightly on the subject of speak-
ers. At this point, assuming that you
have built the amplifier just de-
scribed, you will probably want addi-
tional information.

If you have decided to use one ol
the single-unit extended-range speak-

ouTPUT
TRANSFORMER
%m
sn ' an

SPEAKER SPEAKER
Fig. 5-9. Speakers joined in parallel.

ers, you will have no problem at all
except to be sure that the speaker
voice-coil impedance matches that of
the output transformer secondary
winding. Of course there is the matter

OUTPUT
TRANSFORMER

an

an 4n

N\

SPEAKER SPEAKER
Fig. 5-10. Speakers joined in series.

ol a suitable baflle, or enclosure, [or
the speaker, which will be taken up
later on.

The installation of coaxial or other
duplex speakers is not particularly
complicated. Some types are furnished
with a built-in dividing network for
feeding the proper frequencies to the
respective speaker units. Il the net-
work is not an integral part of the
speaker combination, then the manu-
facturer supplies a suitable network
at extra cost. In either case you are
assured a cress-over network that is
specifically designed for the speakers
used.

It is entirely possible that you might
want to try making your own combi-
nation ol speaker units: you will
therefore want to know something of
the principles involved in designing
and constructing cross-over circuits.

It is possible to operate two or
more speakers in series or parallel
without a cross-over or frequency-
dividing network, although with such
an arrangement you cannot expect to
get the best results, Parallel operation
of two speakers is illustrated by the
circuit of Figure 5-9. Here two speak-
ers, each having a voice-coil imped-
ance of 8 ohms, are connected to an
output-transformer secondary wind-
ing of 4-ohm impedance. Impedance
matching will be correct, for the total
impedance of any two units ot equal
impedance will be hall that of a single
unit. This arrangement may be ex-
tended to three, four, or more speak-
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QUTPUT TRANSFORMER

£

B

N
a Kwnoos:n

Fig. 5-11. Condenser 1n series with tweeter.

crs, and the correct transformer im-
pedance is not difficult to calculate,
provided that speakers having cqual
impedances are used. For example,
four I6-ohm speakers may be connect-
cd in parvallel o a ohm wansiorme
secondary.

Figure 510 shows two speakers of
similar - voice-coil  impedance  con-
neated inoseries. Since cthe total im
pedance of units in series is the sum
of the individual impedances, the two
L-ohm speakers vequire a transformer
with an 8-ohm secondary winding. 11
vou wanted to use four such speakers
in series, the secondivy impedance
should be 16 olans.

Figure 5-11 shows an arrangement
that is o delinite improvement over
the simple series and parallel circuits
just discussed, lor some provision is
made to restrict the low frequencies
fed to the tweeter unit. This is done
by connecting o condenser in series
with the tweeter. | he size ol the con-

denser will depend upon two lactors:
(1) the desired cut-ofl point, and (b)
the speaker voice-coil impedance. To
determine the cut-off point, vou will
have 1o know something ol the speak-
er’s  characteristics;  however, maost
cross-over networks are designed  for
a brequency of somewhere between
1000 and 1,000 cycles, so that we iy
select a lrequency within that range
for an cxample. In this instance we
shall assume a0 cur-off Irequency of
2,000 cveles: this s 1o say, all fre-
quencies lower than 2,000 will be at-
tenwited, so lar as the tweeter is con-
cerned. “To accomplish this, the re-
actance ol the condenser must be
equal o the voice-coil impedance at
2,000 cycles. 1 the voice-coil imped-
ance is 1 ohms, the condenser must
have a capacitance of 20 microfarads.
To save vou the work ol calculating
the condenser value, the accompany-
ing table is offered.

Voice-coil-tm pedance J-olims
V(Iu]). lor 1000 eveles 1 ld.
" 1500 " 27 mid.
" M2.000 " 20 mld.
" 5,000 " 14 mtd.
" A T3 1) T I 10 mid.

G-0lims S-olns 16-alins

2% mid. 20 mid. 10 wmlfd.
18 mid. 13 mid. 6.5 mid.
13 mld. 10 mid. 5.5 mid.
9 mid. 7 midd. 3.0 mifd.
7 mid. 5 mid. 2.5 mid.

1t is evident that for even a rela-
tively high cutoll point the condenser
wil be quite Lkuge. One difhiculty s
climinated immediately, however—the
working voltuge need not be high
since e appiied voltages rarcly ex-
ceed S0 Paper condensers may e

used for the smatller sizes, but it is ob-
vious that for capacitances above 5
microlarads or so, clectrolvtic con-
densers must be employed il the phys-
ical size is to be kept within reasonable
limits. No doubt vou are ready with
the ¢uestion: “Since the clectrolytic
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Ak

Fig. 5-12. Connecting for AC use.

condenser has polarity, what happens
when it is operated on voice-coil volt-
ages, which, of course, are AC?” The
answer is found in the electrolytic
condensers usced in motor starting cir-
cuits on such appliances as refrig-
erators and washing machines. Ordi-
nary electrolytic condenscrs are used,
but two units are connected as shown
in Figure 5-12. You will notice that
the two units are wired with their
negative terminals connected together.
Whencver two condensers are con-
nected in series, the total capacitance
of the combination will be half the
value ol either unit, assuming of
course that the two are cqual in ca-
pacitance. Thus, to make up a 20-
microfarad combination, two 40 mi-

crofarad condensers must be used.

Improved results will be realized if
you use a cross-over network like that
of Figure 5-13. This is the arrange-
ment used in many commercially
manufactured combinations. The
wooler and the tweeter are connected
in parallel and there is a condenser
in series with the tweeter voice coil
as before, but there is also a choke in
series with the wooler. \When the cir-
cuit of Figure 5-11 is used, the lower
[requencies are kept out of the tweeter
unit, but there is no provision ftor
excluding the high notes from the
woofer. This may be undesirable as
some large speakers distort on high
notes at increased power. The situa-
tion may be avoided by using the
Figure 5-13 circuit.

The inductance of the choke coil
will depend upon the desired cross-
over frequency and the voice-coil im-
pedance. Here is a tabulation of the
inductance required for various cross-
over [requencies and voicc-coil im-
pedances.

Voice-coil-impedance
Inductance in milli-

henries for cross-over at jf"’””-‘
1,000 cycles .65
1,500 43
2,000 7 .33
3,000 7 23
4,000 A7

6-olins 8-olmns 16-0hms
95 1.3 2.6
.65 .85 1.75
.5 v 1.3
.35 A5 9
25 .35 .65

You have a choice of buying a suit-
able inductance or winding it your-
selt. If you decide upon the latter

course, you will need some #17 en-
ameled wire and a wooden form of
suitable size. Il the inductance is o

4

TO AMPLIFIER

? K TWEETER

% Kd HOOFER

0000 s

L

Fig. 5-13. Crossover network for dual speaker.
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CARDBOARD FLANGES
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Fig. 5-14A. Form for winding inductances.

{CARDBOAR FLANGES
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END VIEW

Fig. 5-14B. Larger form for over 1.5 millihenry.

be less than 1.5 millihenry, make a
form as shown in Figure 5-14A. For
any value above L5, the form must
be larger, as shown in 5-14B.

T'he spool for the coil form may be
made of a length of 1-inch dowcel or
broom handle. For a ncat job, be
sure that the ends of the spool are cut
squarely, otherwise the fanges will
not be parallel and at right angles to
the spool. Use a picce ol dowel an
inch long for the smaller form  (Fig-
ure 5-14A) or a 1-1/2 inch length for
the larger one, Figure H-14B.

Make the flanges of heavy card-
board, sheet fibre, or masonite. In
fastening the flanges to the spool ends,
use brass wood screws. Under no cir-
cumstances should iron screws or nails
be used. Start the winding by drilling
a small hole in one flange, close to the
spool. Pass the wire through the hole
and then wind on the required num-

BASS

As you ure probably aware, any speak-
er requires a baffle il it is to operate

ber of wirns. The end of the winding
is then anchored by passing it through
another small hole in the flange. The
coil should be layer-wound, not jum-
ble-wound. The number of turns to
be wound on the form of Figure 5-144,
together with the desired inductance
is given below:

Inductance Turns Inductance Turns

A7 87 5 141
2] 100 .65 160
.25 108 i 166
38 Ho 85 180
.35 120 R 185
A3 128 .95 190
A5 135 1.3 230

Il the inductance works out to more
than 1.5 millihenry, use the larger
form. The number of turns will then
be: for a 1.75 millihenry inductance,
310; Jor a 2.6 millihconry inductance,
360.

REFLEX SPEAKER ENCLOSURE

cfliciently. .\ speaker suspended in air
with no baffle at all will set very little
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air in motion and will be quite in-
efficicnt. The reason is that the air
waves at the front of the cone cancel
those at the back.

Theoretically, the larger the baffle,
the more efficient the speaker will be,
particularly at the lower frequencies.
This fact has led high-fidelity fans to
adopt one or the other ol two ballle
svstems, referred to as the infinite
baflle and the bass reflex enclosure.
An infinite baflle is so large that the
front and back waves set up by the
speaker can never meet and cancel. It
is most {requently achieved by build-
ing a specaker into one wall of a room.
Such an arrangement may be imprac-
ticable, if not impossible, in many
situations.

This brings us to the bass reflex
type of speaker baffle. The basic idea
is to eliminate waves caused by the
resonance of the cone. This is done
by making the resonant frequency ol
the cabinet cqual to that of the cone.
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When this is accomplished, a cancella-
tion of waves occurs and the repro-
duction of.bass notes is enhanced. Un-
like most radio cabinets, which have
the back open, the bass reflex cabinet
is completely enclosed. But there is a
port, or vent, in the front of the hous-
ing below the speaker opening. The
size of this port is quite important;
it is governcd by the size ol the
speaker.

Construction of the cabinet

A bass reflex cabinet should have a
volume of not less than 5 to 6 cubic
fect. If the front of the cabinet is to
be 2 by 2 feet, the depth will then be
about 1-1/2 feet. Figure 5-15 shows an
enclosure for use with a 12-inch speak-
er. This cabinet is 30 inches high, 24
inches wide, and 18 inches deep; the
total volume is considerably greater
than the minimum—it is 7.5 cubic
feet.

In building the enclosure, use ply-

Fig. 5-15. Bass reflex speaker enclosure.
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wood or solid Tumber at least 3 J-inch
thick. .As plywood is more readily ob-
tainable in widths greater than 12
inches or so, it is better adapted for
this kind ol construction than solid
tumber. Furthermore, there is much
less likelihood ol warping.

Jegin comstruction by building an
open box 50 inches high, 24 inches
wide, and 18 inches deep. The type of
corner joint used will be governed by
the kind ol finish vou intend to apply
and vour woodworking skill. It the
cabinet is to be painted, there will be
no need o conceal the end grain at
the joint and & common butt joint
can be used. Tn that case, the two side
picces will be 18 by 28-1/2 inches: the
top and the bottom will be 18 by 24
inches. When the pieces have been cut
to size, asemble as shown in Figure
5-15. As each corner joint is made up,
apply glue 1o the surfaces o be
jointed: vou can use a prepared liquid
slue or one of the powder types, such
as Casein, Cascamite, or Weldwood.

N RADIO AND HI-FI SETI'S
Fasten cach joint with -1 2-inch
brads or finishing nails spaced about
three inches apart. Set the heads of
the brads below the surface of the
wood with a small nail set. When all
lour corner joints are completed, in-
still the corner blocks shown in the
sketch. These should be about 1-1/2
inches square and should run the full
depth ol the cabinet. Fasten the cor-
ner blocks in place with 2-1/Finch
#10 Hathcad wood screws, not torget-
ting to apply glue to the inside sur-
laces. I you use reasonable care in
construction, vou will have a cabinet
that is remarkably rigid.

‘The back ol the cabinet is a 3/4-
inch panel measuring 24 by 30 inches.
It is not to be fastened permanenty
1o the cabinet, but is held in place
with 8 or 10 wood screws so that it
may be removed if necessary.

Some builders prefer to use an ad-
justable port. It this scheme is used,
there must be some access to the cab-
met interior to - permit adjustment.

USE GLUE

JOINTS

CORNER BLOCK. USE AT
ALL FOUR CORNER JOINTS,
FASTEN WITH 24 INCH

WOOD SCREWS AND GLUE .

CORNER BLOCK
/l',zxﬂ,zxm

Fig. 5-16. Speaker enclosure construction detail.
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Fig. 5-17. Speaker enclosure access door.

Fhis can best be done by cutting an
opening in the back panel and fitting
this opening with @ removable door,
as shown in Figure 5-17. As vou will
observe, the door consists of the square
or rectangular picce cut out of the
hack. The opening may be as large as
desired, but 8-inches square should be
ample. To the back of the cutout
section ol plywood, Tasten a piece of
1 kinch thick plywood that is three
inches or so Lurger in cach dimension
than the opening. The 1/4-inch ply-
wood is nailed or screwed o the door.
Four or more wood screws located
around the edges of the 1/ L-inch panel
hold it to the back ol the cabinet.

Calceulating the area of the port
The Iront pancl shown in Figure
5-13 is lor use with a 12-inch speaker:
the size of the speaker opening and
the arca of the port will vary with
speaker diameter. For a 12-inch speak-
er the round opening should be 10-1 /2
inches in diameter. This hole can be
cut with a compass saw. The port is
7 by 12 inches, but these proportons
necd not be lollowed precisely since
the important thing is the arca of the
port, not its actual dimensions. For
instance, the port shown in the draw-
ing has an area of 81 square inches
and measures 7 by 12 inches. The di-
mensions could just as well be 10 by
8-1/2 inches, which would give a total
area ol 85 square inches. The precise
location ol the port opening is unim-

portant, except that lor suuctural
reasons it is best not to locate it oo
close to an edge of the panel. Should
vou want to calculate the size of the
port tor a speaker other than one of
12-inch diameter, square the radius of
the speaker opening, then multiply
this result by 3.14. For example, a 10-
inch speaker should have an 8-1/2
inch diameter opening. The radius of
this opening would be 4-1/4 inches.
14 times 1-1/4 times 3.14 equals
56.7 square inches. The port opening
lor such a speaker, then, would have
an area ol approximately 56 inches.
The dimensions could be 7 by 8, 10 by
5-3 4, or any other combination,

With the front and back panels
completed, the next step is to apply
sound-absorbing material to the in-
terior of the cabinet, as shown in Fig-
ure 5-18. Many types of insulating
material used in home construction
are suitable lor this purpose, includ-
ing rock wool, Celotex, and Kimsul.
I'he minimum requirement is to line
the top, the back, and one side, al-
though all interior surlaces may be
lined if you wish. Some constructors
imsist that the front panel should be
lined.

Alter the sound-absorbing material
has been installed, the front panel
may be fastened in place. Use #6 or
#8 Hlathead wood screws that are at
least I-1/4 inches long. For a solid
job, the screws should be spaced no
more than six inches apart. Don’t lor-
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get to apply glue o the joint. The
speaker may now be installed. Unless
it is of unusually light construction,
you will be unwise to try to mount it
in place with wood screws. .\ much
better plan is to use #8 or #10 flat-
head machine screws about 1-1,2-
inches long. T'he screws pass through
countersunk holes in the front panel
and through the speaker [rame, and
hexagon nuts are used on the inside.
Be surc that the frame of the speaker
fits tightly against the inside of the
front panel with no space between.

The voice-coil leads are brought out
through a small hole drilled in the
back panel. The method of fastening
the back of the cabinet is the same as
for the front panel except that glue is
not used. This completes the enclosure
except for finishing.

The best method of concealing the
openings in the front is by covering
the entire front of the unit with grille
cloth, tacked into place at the cdges.
A quarter-round or half-round mold-
ing may then be applied to finish the
job. The cabinet may be painted or
stained as you prefer.

Many critical listeners claim that
the size of the port or vent is deter-
mined not only by the speaker size
but by the type as well. Their conten-
tion is that no two speakers will hoth
give peak performance with the same
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Fig. 5-18. Inside speaker enclosure.

size ol vent and that the opening must
be adjusted to the individual speaker.
This is the reason for the opening in
the back panel, described above. It
you are inclined to agree with this
reasoning (and it does seem to have
considerable merit), you will have to
devise a means of changing the port
size. An casy way is to fit the port with
a sliding flap or cover held in place
with two screws. The screw holes can
be slotted to permit adjustment. Be
sure to close the opening in the back
panel after making each adjustment.

HIGH FIDELITY AMPLIFIER WITH BASS
AND TREBLE CONTROLS

This seven-tube high fidelity amplifier
uses the identical output circuit em-
ployed in the five-tube project de-
scribed earlier, but also features a
built-in  preamplifier for magnetic
pickup cartridges and separate bass
and treble amplifiers. Since the bass
and treble amplifiers have individual
controls it is possible to control the
degree of boost at either end of the
range. With this arrangement, record
deficiencies can be compensated for to

some extent,

Circuit description

Magnetic cartridges, which have
much lower output voltages than
crystal cartridges, are plugged into the
standard phono jack. The preampli-
fier then builds up the low voltage to
a value high enough for application
to the grid of the voltage amplifier.
When a crystal cartridge is used, the
preamplifier is not needed. Such car-
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tridges are plugged into the closed
circuit jack and the opening of the
jack contacts cuts the preamplifier out
of the circuit. The first 6SN7G’L tube
performs two separate functions: the
lower set of electrodes (as in Figure
5-19) acts as a bass amplifier and the
degree of bass boost is controlled by
the potentiometer, R26. The upper
set of electrodes (pins 4, 5, and )
functions as a conventional voltage
auplifier. Signals enter the lower see-
tion by wiy of the grid (pin 1) and
after amplification are fed to the grid
of the upper section.

The next 6SN7GT tube is a com-
bined weble amplifier and phase in-
verter: the lower section (as seen in
Figure 5-19) is the inverter and the
upper is the treble amplifier. Treble
boost is controlled by R15. Following
this wube, there is a push-pull driver
stage using another 6SN7G1. The
output of this stage is applied to the
grids of the 6B4G. Incidentally, 2A3
or 6A3 tubes may also be used in the
output circuit. If 2A8s are used, the
power transformer filament winding
must supply 2.5 volts instead of 6.3
volts,

The heater circuit is similar to that
ol the five-tube amplifier. One 6.3
volt  winding supplies  the three
65SN7GT and the 6SC7 tubes: another
supplies the two 6B4Gs. A two-section
hilter circuit is employed; the filter
choke, L1, filters current for the out-
put and driver stages, while both the
choke and the filter resistor, R0, are
used lor all other tubes.

All resistors and condensers used in
this project (especially those in the
bass and weble amplifier circuits)
should be carefully selected so that
they are within ten per cent of the
assigned values. If this precaution is
taken and if the unit is carefully con-
structed, the amplifier  will  afford
record reproduction ol unusually high
quality.

Parts list

R1

R2

R3

R4

RbH

R6

R7

R8

RY

R10
R11
R12
R13
R4
R15
R16
R17
R18
R1Y
R20
R2]
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R0
R41

Cl

2

Resistors
250K ohms, 1/2-watt carbon
250K ohms, 1 /2-watt carbon
47K ohms, 1/2-watt carbon
17K ohms, 1,2-watt carbon
2700 ohms, 1/2-watt carbon
2700 ohms, 1/2-watt carbon
2700 ohms, 1/2-watt carbon
2700 ohms, 1/2-watt carbon
500K ohms, 1/2-watt carbon
H00K ohms, 1/2-watt carbon
17K ohms, 1/2-watt carbon
4700 ohms, 1/2-watt carbon
500K ohms, 1/2-watt carbon
47K ohms, 1/2-watt carbon
250K ohms, treble control
33K ohmms, 1/2-watt carbon
500K ohms, 1/2-watt carbon
1500 ohms, 1/2-watt carbon
10K ohms, 1/2-watt carbon
47K ohms, 1/2-watt carbon
1500 ohms, 1/2-watt carbon
500K ohms, 1 /2-watt carbon
20K ohms, 1/2-watt carbon
47K ohms, 1/2-watt carbon
100K ohms, 1/2-watt carbon
1 megohm, bass control
10K ohms, 1/2-watt carbon
1500 ohms, 1/2-watt carbon
H00K ohms, volume control
27K ohms, 1/2-watt carbon
180K ohms, 1 /2-watt carbon
3.3 megohm, 1/2-watt carbon
200K ohms, 1/2-watt carbon
3.3 megohm, 1/2-watt carbon
5,000 ohms, 1/2-watt carbon
68K ohms, 1/2-watt carbon
68K ohms, 1/2-watt carbon
33K ohms, 1 /2-watt carbon
33K ohms, 1/2-watt carbon
10K ohms, 10-watt wire-wound
780 ohms, 10-watt wire-wound

Condensers
20-20 mfd., 450-volt electro-
lytic, aluminum can, vertical
mounting
10 mid., 450-volt electrolvtic,
aluminum can, vertical
mounting
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C3 02 mid,, 600-volt paper tub- C20 .01 mid., 600-volt paper wib-
ular ular

C 02 mibd., 600-vole paper - .21 A5 mid., 600-volt paper tub-
ular . ular

(0% 02 mid, G00-volt paper tub- 22 20 mtd,, 150-volt clectrolvtic,
ular aluminum can, vertical

6 02 mibd.. 600-volt paper wub- mounting  (combined  with
ular 21

7 02 mitd., 600-volu paper wab- C23 50 mild., 100-volt clecurolyiie,
ular tubular-cartridge type

CR 02 mid, 600-volt paper wib- C2ZE 20 mid., 150-volu electrolvtic,
ular aluminum can, vertical

Y 005 mid., mica mounting  (combined with

C10 005 mid., 600-volt paper - (22)
ular

Cl1 25 mld., 500-volt clectrolvtic, Transformers
tubular-carwridge type Tl Power transformer: high volt-

12 01 mld, 600-volt paper tub age 370-0-570 volts, 150 mua;
ular heater (output) 6.3 volis, 4

@ o {[[]l b o

L il

(] o

19)

@ @ 0 —
INPUTJACKE .
(MAGNETIC) 4 [ @ T2
weut oack[| o 00 o0 o ofesac)o o °
(CRYSTAL)

o 0

VOL CONTROL  BASS CONTROL TREBLE ON-OFF SWITCH
R29 R2¢ CONTROL Rrs swi

Fig. 5-20. Top view of seven-tuhe amplifier.

Cly 8 mld., 150-volt elecurolvtic, amp.:s heater 6.5 volts, 3
aluminum can, vertical amip.: rectilier b volts, 5 amp.
mounting 12 Ouput vanstormer, push-pull

CH 005 mitd., mica twpe,  primary impedance

Clo .05 mitd., 600volt paper wib- 5,000 ohms: secondary  im-
ular pedance 1o match speaker

Ci16 1 mibd, 600volt paper - Coils
ular Fllorrre o e o

CI7 25 mild., 50-volt clecurolytic, bl Filter “choke. 12 hemy, 230

1 2 MINGE 7710
. ohms, 150 milliamperes
tubular-cartridge type ’ I

CI8 .02 mid., 600-volt paper tb- Miscellaneous

ular I RCA-type phono jack
C19 .05 mid., 600-volt paper tb- 1 closed circuit jack
ular 7 octal tube sockets
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2- and 3-point tie strips

6-32 x 3/8-inch r.h. machine screws

6-32 hexagon nuts

4 8-32 x 1/2-inch r.h. machine screws
with nuts

4 10-32 x 1 /2-inch r.h. machine screws
with nuts

1 output terminal strip

Line cord and plug

Chassis: 10 x 12 x 3 inches

Rosin-core solder

Push-back wire

Tubes
6B4G (2), 6SCT (2), 6SNTGT (8)

Layout and assembly

The parts required for this project
represent a considerable investment.
You will therefore be wise to exercise
care in the planning, layout, assembly,
and wiring. Poor judgment in layout
and wiring will not only result in a
product that is other than neat but
may scriously affect its performance.

The chassis top view, Figure 5-20,
shows the approximate positions of
all major components. While none ol
the measurements are at all critical,
it will be best to follow the general
arrangement as closcly as possible.

Before marking the positions of the
tube sockets, determine just how much
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Fig. 5-21. Use of sub-panels.

space will be needed for the pow:
and output transtormers. These com-
ponents are large and their space re-
quirements vary among different
makes. When this has been done,
make a trial placement of the tubes
in approximately the positions shown
to be sure that the spacing between
them is sufficient.

Be carelul to place the input jacks
and bass, treble, and volume controls
as shown in the drawing. 'T'wo minoi
details are not shown in the chassis
top view: the output terminal strip
and the hole lor the linc cord. The
terminal strip should be located on
the rear apron of the chassis, below
the output transformer. The line cord
will enter the rear apron at the right-
hand corner of the chassis.

684G 6846
7 2 Y
T R4
R 6SCT BSNTGT 6SNTGT  GSNTGT
6 3V
NTE
23 S0MFD.
g 100V Y 8
g .
swi 5V46
2

Fig. 5-22. Heater circuit for seven-tube amplifier.
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Wiring

The \\nmg ol this project should
be planned in advance with as much
care as vou used in the layout. In
consideration of the rather large num-
ber of small parts needed (41 resistors
and 24 condensers), take time in ar-
ranging their positions so that all are
as close as possible 1o the tabes they
are associated with, Tt is best to pro-
vide some kind of support lor all re-
sistors and  condensers instead of al-
lowing them o dangle by their
connecting wires. The conventional
tie strips may be wed, or you migl

T
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ay Heater Cirenit. See Figure 5-22.
This circuit is not at all compli-

cated and should cause vou no diffi-
culty. As mentioned in Chapter 4,
2A3 tubes may be substituted for the
6B-1Gs, provided that a suitable pow-
er tanstormer is used. Furthermore,
a separate filament vansformer may
he used for the output stage il neces-
sary. Reler to Figures 5-1. \ and 5-1B
with the accompanying text for lur-
ther information on power translorm-
er substitution.

by Power
ure H-23.

Supply Circurt. See Fig-

5v46

20MF

HIB+ LOw B+

Q
-.l R40
IOK

l C7 w—

IOMFD.
20MFD

Fig. 5-23. Power supply circuit for seven-tube amplifier.

make up small sub-panels of plastic
or thin plyvwood, as shown in Figure
521, The sub-panels can be about
two inches wide and as long as re-
quired. They may be spaced from the
chassis with brackets or by means ol
short lengths of brass tubing slipped
over the mounting screws.

When vou plan the actual wiring,
vou may decide to use the cable meth-
od, found in many commercially-made
aplifiers. Iv makes an unusually neat
job, but must be carelully planned.
Heater, cathode, B plus, and screen
wires may be cabled without lear ol
interaction between wires, but plate
and grid leads arve best run separately.

Belore starting the wiring, he sure
that the flter resistor, R0, is ade-
quately supported by one or more tie
strips or in some other manner. In
wiring the circuit, remember that the
B-plus terminal lor the oulput and
driver stages is at the junction point
ol L.l an (l R40. Al other DC voltages
are taken [rom the end of R0 [ar-
thest [rom the choke 1.1,

)y Output Gircuit, See Figure 5-21.
Connect the ends of the output-
tanslormer sccondary winding to the
output terminils. R1 and R‘_’ should
be mounted on terminal swrips: from
their  junction, conneet R1 o the
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chassis. The coupling condensers, C3
and G, are wired as part of the
driver circuit.

dy Driver Civeutl. Sec Figure 5-25.

Resistors R3, R4, R5, R6, R7, RS,
R9, and R10 should be mounted on
tic strips, since it is impossible to
support these components properly
otherwise. Note that R is connected
between the cathode of the upper
section of the tube (pin 3) and the
junction ol R6 and R10. Similarly,
resistor R8 is connected from the
other cathode (pin 6) to the junction
ol R7 and RY.

The junction point of R6 and R7
is connected to chassis. With R3 and
R4 mounted on a tic strip, and with

6846

Y0 C3 (SEE
ORIVER CIRCUIT)

YO Ca (SEE
ORIVER CIRCUIT)

Fig. 5-24. Output circuit for

one cnd of each connected respective-
Iy to pin 2 and pin 5, their common
point is then connected to B plus
(sce power supply diagram, Figure
5-23) . Connect €35 and C4 from the
plates ol the two tube sections to the
grids of the output tubes. Condensers
CH and C6 arce not wired in the cir-
cuit until the phase inverter stage is
completed.

¢) Treble Amplifier-Phase Inverter.
See Figure 5-26.
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When wiring this circuit, be care-
ful to observe the socket terminal
numbering, otherwise there is a possi-
hility ol reversing connections. In oth-
er words, while terminals 1, 2, and 3
might be used for the phase inverter
instead of for the treble amplificr, be
sure that you do not wire, for exam-
ple, the grid and cathode of one sec-
tion of the tube and the plate of the
other section as one circuit.

The free ends of €5 and C6 (shown
unconnected in the drawing) are to
be wired to the grid terminals of the
driver tube. Pin 1 of the treble ampli-
fier need not be connected to the cou-
pling condenser, C10, until the volt-
age amplifier circuit is wired.

Yrome+
seven-tube amplifier.

f) Bass Amplifier-Voltage Ampli-
frer. See Figure 5-27.

As in the weble amplifier-phase in-
verter circuit (and in all other cir-
cuits using dual wiode tubes), be
sure to pay attention to the tube
socket terminal numbering, for an er-
ror here will render the amplifier in-
operative and may cause much loss of
time in tracing the trouble later on.

Note, when wiring the bass control
circuit, that C16, R25, R26, and R27
are all in series, connected betwcen
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)
/26SNTGT I
2 ’ Ic3 TO OUTPUT
T RI
-\ osurp,  TUBEGRID
LsmLan e
1
- 9 -,
70 Cs (SEE /s
PHASE INVERTER AT
CIRCUIT) <
Ra
- arx
TO C6 (SEE PHASE
INVERTER CIRCUIT)
) s Ca
O /26SN7GT 1 i
~ BN Toouteur
TO Hi B+ 02MFD TUBE GRID

© Fig. 5-25. Driver circuit for seven-tube amplifier.

pin 2 ol the tube socket and chassis.
Also note that G114 and C1H are not
in pavallel, although at first glance
they may appear to be so connected.
In the final inspection, be sure that
the high side of R29 iy wired to the
top contact ol the crystal pickup jack
and that the shell of the jack is con-
nected to chassis. The remaining con-
tict of the jack is connected when the
preamplifier civcuit is wired. Finally,

be sure that the [vee end of C10 i
wired to the grid of the teble am-
plihier.

&) Preamplifier Civeuit. Sce Figure
528,

Mount resistors R30, R31, R334,
R35, R36, R37, R38, and R39 and
condensers G19, C20, and C21 on tie
strips. Other resistors and condensers
may be connected directly between

TO B

/6SNTGT
TREBLE AMPLIFIER

T0 Cio
(SEE VOLTAGE
AMPLIFIER
CIRCUIT)

R17
S00x

PHASE INVERTER

cr
O2MFD.

R
47K é Cs
O2MFD
7265NTGT 8 Il TOGRID OF

DRIVER TUBE

r (PIND)
4
13
500%
“700n ozur0
0 TO GRID OF
i DRIVER TUBE
(PIN 4)

Fig. 5-26. Treble amplifier—phase inverter circuit.
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socket terminals and chassis, if de-
sired. Condensers C22 and (24 (com-
bined in a single unit) present no
mounting problem since they are en-
closed in a vertical-mounting alumi-
num  can, already fastened to the
chassis,

Connect R34 from socket terminal
4 to chassis. C21 is then connected
from the same terminal of the socket
to the high side of the magnetic car-
tridge jack. R35 may now be connect-
ed from the jack to chassis, The shell
ol the jack is then grounded to chassis.

The filter network, consisting of
R36 and R37 in series, is now wired
between the #5 socket terminal and B
plus. At the same time, connect the
filter network for the other half of
the tube (consisting of R48 and R39)
from the remaining plate (pin 2) to
B plus. Connect the lead from C21 to
the junction of R36 and R37, and the
lead from C22 to the junction of R38
and R39. Be surc that the negative
terminal of the (22-C2t combination
is connected to chassis.

R32, C19, and R33 (all in series)
are now connccted from socket termi-
nal 5 to chassis. Connect the junction
of C19 and R3?2 1o Pin 3 of the tube

BUILD YOUR ()\V:\' RADIO AND HI-FI SETS

C19 and R33, connect R30 and R31
to chassis, with R31 at the chassis
end of the combination. From the
common point of R30 and R31, con-
nect C20 to chassis.

To complete the wiring, connect
CI18 from pin 2 of the tube socket
to the break contact of the crystal
phono jack.

Testing

For purposes of checking, the nor-
mal voltages to be expected at tube
socket terminals are given below:

1) Output stage (voltages apply to

either tube) :

From To DC Volts
pin 2 or 7 chassis 60

pin 2 or 7 pin 3 approx. 320
pin 35, chassis 0

pin 5 pin 2 or 7 60

2) Driver stage:

From To DC Volts
in 2 chassis approx. 250
[t ! Pl

pin 3 chassis 10

pin 5 chassis approx. 250
pin 6 chassis 10

3) Treble amplifier:

socket. From the common point ol From To DC Volts
R24 R23
INPUT JACK FOR A TOB+
CRYSTAL CARTRIDGE - M ——
7% L 20
ci3
= GMFD. R20
4s0v ar cio
0 OOSMFD.
J26SNTGT Y ESNTGT l
Teass ameurien VOLTAGE AMPLIFIER TO GRID 0§
(SEE PREAMP. 3 TREBLE
CIRCUIT) \ / AMPLIFIER
P | H =deme
4
L X1 ] : R2s s
ﬂ P —
X
Rz2¢ &,
IME.
1 R22
28 300K
+ 1500, R
Ci? soon ok Cn
R27 23MFD.
10K 30v.

Fig. 5-27. Bass amplifier—voltage amplifier circuit.
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MAGNETIC CARTRIOGE
20
OSMFD,
R3s R3e
000N, 33u€E.

pin 2 chassis
pin 3 chassis

4) Phase inverter:

INPUT JACK FOR

Cie
O2MFO.

L1 TO INPUT JACK FOR

CRYSTAL CARTRIDGE
(SEE VOLTAGE

AMPLIFIER CIRCUIT}

Fig. 5-28. Preamplifier circuit.

-

approx. 175

From To DC Volts
pin 5 chassis approx. 175
pin 6 chassis 5

by Bass amplifier:
DC Volts

approx. 150

From To

pin 2 chassis

pin 3 chassis 10

6) Voltage amplifier:

From To DC Volts
pin 5 chassis approx. 160
pin 6 chassis 10

7) Preamplifier:

From To DC Volis
pin 2 chassis approx. 120
pin 5 chassis approx. 120
pin 6 chassis 0

RECORD PLAYERS FOR HIGH FIDELITY WORK

Up to this point we have considered
some of the components ol a high
fidelity system, but have barely
touched upon the record plaver (or
record changer). This item is basic-
ally no different from the plaver used
in an ordinary phonograph or radio-
phono combination, but there are
several construction Jeatures that re-
quire special attention if the player
is to be subjected to the critical de-
mands of a high quality system.
Most high-fidelity listeners prefer
a manual player to an automatic
changer, and there are two principal
reasons for this preference. A player
is more often assembled [rom com-
ponents than purchased as a unit, and
in selecting the components of a play-
er you have (fOlhi(lCl’:lbl)’ more lati-

tude in the choice of motor and pick-
up than you do in the case of a
changer.

Eliminating hum

F'o be fully satisfactory for high fi-
delity work, a motor must be as
nearly noiscless as possible. This re-
fers not only to noise heard directly
in the form of vibration but also dis-
turbances that pass through the am-
plifier and are radiated from the
speaker. When used with a magnetic
caurtridge—and most especially when
LP records are played—the ordinary
cheap motor is likely to introduce
objectionable hum. This results from
the combination of the low output
voltage of the magnctic cartridge and
the low amplitude recording common
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in LP rccords. The LP grooves are
narrower than those in conventional
records and the “lands” between the
grooves are also narrower. To pre-
vent over-cutting, or breakdown of
the walls between grooves, the excur-
sion, or swing, ol the cutting stylus
must be kept low as compared with
that common in cutting 78 r.p.m.
records. The net eflect is that for L.P
records plaved with a magnetic pick-
up, the volume control must be ad-
vanced quite far, which, of course,
increases the possibility of picking up
extraneous disturbances such as hum
voltage induced by the motor. The
samme condition prevails for 45 r.p.m.
records, although to a lesser degree.

If vou suspect that an annoying
hum emanates from the motor, a posi-
tive check can be made in this way:

RADJO AND HI-FI SETS

sible cause of hum is failure to ground
the motor frame to the amplifier
chassis.  You can casily make the
ground by connecting a length of
wire from the motor frame to chassis,
as illustrated in Figure 5-29. Most
phono motors have a convenient sol-
dering lug for this purpose.
Eliminating variations in speed
For any type of record, the motor
speed must be as nearly exact as pos-
sible. A deviation of as little as one
or two revolutions per minute, either
higher or lower, may result in a seri-
ous change in pitch. This is particu-
larly important in the case of 45 and
33-1/3 r.p.m. records, because a revo-
Iution or two then becomes a more
considerable proportion of the total
number of revolutions. Another diffi-
culty that may show up is a “wow”—

I

PHONO MOTOR

it

AMPLIFIER

Fig. 5-29. How to ground motor frame.

Advince the volume control to the
point where it is ordinarily set for
the type of record on the turntable.
With the motor running, swing the
pickup arm across the record but do
not allow the stylus to touch the rec-
ord. If the hum becomes louder as
the stylus passes across the record,
the hum is being set up by the motor.
Most such troubles arise {rom using
a two-pole motor, and the only rem-
edy is to substitute a four-pole type.
If you are sclecting a motor for use
with LP records, by all means choose
one having four poles. Another pos-

a rise or fall in pitch resulting from
a momentary change in turntable
speed. One cause of “wows” is a flat
spot on the rubber drive-wheel of a
rim-drive motor, a point that was
touched upon in Chapter 4. The only
satisfactory mcthod ol overcoming
such a condition is replacement of
the wheel. Speed changes may also
result from slipping of the drive-
wheel as it bears against the inside of
the turntable: this is frequently
caused by over-lubrication. The drive-
wheel bearing should be lubricated
once in a while, but the oil should be
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used very sparingly and care muse be
taken to get none ol it on the rim
ol the wheel.

Pickup arms

Many ol the more expensive 1e
ord plavers are cquipped  with un
wsually long  pickup arms of  the
“transcription”™ npe, ‘These run o 16
inches or more i length, and therr
purpose is to reduce Twacking ervor”
In Chapter twe mentioned the de-
sitability of alwiys keeping the axis
ol the pickup head tmgent to the
record groove, Unless this is done the
record wear s increased and the Ni-
delity of reproduction will be atlected.
teis not possible to achieve absolute-
Iy periect tracking, as you know, be-
cause of the vaviation in record-groove
diameter Irom the outside 1o the cen-
ter ol the record. However, the use
ol a curved pickup arm and an ollset
head, as ilustrated in Figure 5-30,
helps 1o veduce the ervor, which s
more evident when a straight arm
(IFigure 5-31) iy used. Even more im-
portant is the use ol long pickap
arm. Whether you assemble your own
plaver or buy one already assembled,
he sure o wet a curved-arme pickup
with the oflset head. And, il you can
allord to do so, buy the transcription
type of pickup, designed 1o play rec-
ords up to 16 inches in dimneter. Al
though vou mayv not play such Loge
records, on ordinary sizes the track-
ing ervor will be reduced to o mini-
mum.
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Fig. 5-30. Curved pickup arm.

Stylus pressure

You also know that low stylus pres-
sure gives less record wear. However,
this statement is often misinterpreted.
I o pickup is designed 1o operaie
with a stylus pressure ob one ounce,
for instance, no attempt should be
made 1o reduce the pressure by add-

Fig. 5-31. Straight pickup arm,
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Fig. 5-32. Stylus pressure gauge.

ing a tension spring, weighting the
arm, or any other mcans as long as
the original cartridge is being used.
Reducing the pressure  below  the
amount specified for a particular car-
tridge may cause the stylus to skip
grooves or even to “skate’” across the
record. Some high quality pickups
are made with a stylus-pressure ad-
justment, but this feature is added to
enable the user to change from one
type of cartridge to another. Using a
cartridge with the pressure adjusted
higher than recommended is equally
harmful, for it will result in undue
wear of the record and perhaps of the
seylus as well,

If at any time you are not sure
whether your pickup is adjusted for
the correct stylus pressure, use one ol
the several kinds of pressure gauges
on the market. It you care to do so,
you can make your own with very lit-
tle trouble. The general idea is illus-
trated in Figure 5-82. The strip on
which the stylus rests should be made
of very light, springy brass or bronze.
Make the base and calibrated stand-
ard out of wood. To calibrate the
gauge you will have to borrow a set
of gram \\'eights—perhaps your local
druggist will cooperate.

Shock-proof mounting
Whenever a player or changer is to

be installed in the same cabinet with
the loud speaker, some kind of shock-
prool mounting must be used between
the motor and the motor board and
between the motor board and the
cabinet, otherwise speaker vibrations
will be communicated to the motor
board, turntable, and pickup. In some
cases this will result in a microphonic
howl, but it is more likely to create a
constant rumbling noise. Usual prac-
tice is to float the motor on rubber
cushions, and in almost all rim-drive
motors such cushions are installed by
the manufacturer. If this has not been
done, install several soft rubber pads,
each at least 1/8-inch thick, betwecn
the motor and the board. The best
plan is to use springs between the
motor board and the cabinet, as shown
in Figure 5-35, which also illustrates
the method of insulating the motor
from the board. Springs of the type
shown in the drawing are found at
the four corners of almost all auto-
matic record changers; no doubt your
local radio supply house will have
them in stock. If you prefer or if for
some reason the springs are not avail-
able, there is no reason why rubber
mountings cannot be used. Finally,
remember that the best job of shock-
mounting a motor board will be ren-
dered uscless it the board touches the
cabinet at any point.

SPRING METAL RUBBER MOTOR PLATE RUBBER
WASHERS, CUSHIONS CUSHIONS
N7
o el
R e MOTOR METAL WASHERS MOTOR BOARD
i

CABINET

Fig. 53-33. Shock-proof mountings in motor arrangement.
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How to Build a

Frequency
Modulation Tuner

I‘m OUINCY  NMobtLattoN  needs ho
introduction to anvone interesied
i radio construction, although it has
come into wide acceptance only re-
centhy. However, it may he well 1o
call atention 1o a lew lundamental
ideas tor the benelit ol those who have
little or no experience i this flicld.

IFNL dillers trom AN in that the
tormer is capable of transmitting all
the high audible frequencies. This
Lt idone makes the FA ssstem inter-
esting to high-fidetity enthusiasts: ve-
member thae the average AN s
miteer s at present fimiied o abowt
2,000 eveles, I the capabilities of 17V
are to be fully reatized, however, the
tuncer must be used with an amplifier
and speaker designed 1o handle the
higher [requencies. One reason why
N was not widely accepred in s
carhiest davs was the tendeney of man-
ulacturers to offer FNLANM combina-
tions equipped with amplifiers and
speakers that were not designed ex-
pressly for 1ML

Aside from the ability 10 reproduce
the high Irequencies, there wre other
differences between the FM and AM
receiving systems that should be dis-
cussed, at least briefly. These are:

Iy M reccivers operate in o the
range from 88 to 108 megacveles, com-
pared to 1700 to 350 kilocveles for the
ustal AM broadcast recciver.

159

2) An FM receiver uses anointer-
mediate frequency ol 10.7 megacycles
compared 1o (usuallv) 155 kilocyeles
lor A M.

3y Practically all FM sets employ
an rl.ostage ahead ol the mixer: this
stage is used only yarely in the ordi-
nary AN hroadceust set.

1) Many FM sets use a separate
oscillator stage, while most AN sets
depend upon a combined oscillator
and mixer wube,

3) M intermediate-frequency
transtormers have much broader se-
lectivity than those used in AN sets.
Also, three transtormers (two LA am-
plifier wibes) are abmost alwavs used
in I'M osets, compared 1o the two trans-
formers (one if. tube) [ound in the
average AM receiver.

6) Detector crcuits used in M
tuners differ materially  from  those
used in AM sets, because the FM de-
lector must convert [requency varia-
tions into amplitude variations.

To the constructor, these considera-
tions are important. In the r.f, mixer,
and oscillator stages, the coils and
condensers used will be much smaller
than those used in AM sets because
of the high carrier frequencies. Proper
placement of these units becomes
more critical in FM. Further, more
than ordinary care must be taken
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in wiring. At the high lrequencies
employed, the cficct ol coupling
between  connecting  wires s far
greater than at broadcast frequencics.

.

A SIX-TUBE

Circuit description

Sce Figurc 6-1 for the complete
circuit diagram.

This is a six-tube tuner, with no
audio amplification. If you have built
onc of the high fidelity amplifiers de-
scribed in the preceding chapter, you
are already familiar with the type of
construction and the circuits neces-
sary ftor amplification of the higher
audible trequencices. To those without
previous high fidelity experience, at-
tention is directed to the fact that in
FM broadcasting, all frequencies up
to 15,000 cycles per sccond are trans-
mitted. The FM tuner is, of course,
capable of accepting all these higher
frequencies, but if the advantages of
FM are to be fully realized, the am-
plifier and spcaker must be capable of
handling them too. Building an FM
tuner and then using it with an ordi-
nary amplifier and spcaker will result
in a system that is little better in fre-
quency response  than  the  average
mass-produced radio receiver,

A volume control has been includ-
ed in the circuit so the tuner can be
connected to an amplifier that does
not have a built-in control. However,
if the amplifier you intend to use has
a volume control (as all those de-
scribed in this book have), the one
shown in the circuit diagram may be
omitted. The output of the tuner will
then be taken [rom condenser Cl and
chassis.

A 6BAG tube is used as the r.f. am-
plifier. This circuit is conventional
except for the coils and condenscrs
used. For example, the antenna-coil
sccondary consists of only two-and-a-
half turns of wire; cach section of the
three-gang tuning condenser has a
capacitance of only 7 to 20 micro-

RADIO AND HI-FI SETS

In addition, any wire that is longer
than nccessary may add sufhcient in-
ductance to the circuit to affect the
tuning scriously.

TUNER

microfarads.

The 6C4 oscillator tube has its out-
put coupled to the first grid of the
6BEG mixer tube through condenser
C19. The output of the mixer stage is
applied to the primary of the first i.f.
transformer, T'1. As mentioned above,
there are three transformers and two
i.[. amplifier tubes; both of these are
6BA6. Incidentally, although scpa-
rate scectional diagrams of the first
and sccond i.f. amplifier circuits are
given for the sake of completencss,
you will obscrve that the two are
identical.

Most present-day FM tuners use
either the discriminator detector or the
ratiq detector. In this project, the ratio
detector has been chosen because this
reduces the number of tubes necded
by one. In any tuner using the dis-
criminator detector, at least one limit-
er stage must be used to wipe out any
amplitude variations before the signal
reaches the detector. Some such sets
use two limiter stages. Tuners using
the ratio detector require no limiter
stage. The ratio detector in the pres-
ent project is a 6ALS.

Heater voltages for all tubes are
derived from the secondary of the
heater transformer, T4, All plate and
screen voltages are supplied by the
sclenium  rectifier, SR. Filtering is
taken carc of by the circuit consisting
of R25 and C32.

Coil construction

If reasonable care is used, you will
have little or no trouble making your
own coils for this project. All are
wound of #14 enamelled wirc on a
3/+-inch-diamcter form. The spacing
between individual turns is in all
cases equal to the diameter of the wire.
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L
END VIEW OF LI

The turns can be spaced  accurately
by winding a scrap picee of wire side
by side with the wire used Tor the coil.
When the winding has been com-
pleted. remove the scrap wire. The
principal ditliculty vou may have s
handling the #14 wire, which is rather
sUll, but alter one or two trials you
will soon get the knack ol winding a
smooth, accurvately spaced coil. You
will save yoursell a lot of wouble if,
belore starting any ol the windings,
vou make sure that the wire to be
used is absolutely straight, 10 there s
the slightest suggestion of kinking or
bending sou will not be able to wind
a neat, accurately spaced coil.

I'here  are several  methods  of
steitightening wire, but perhaps the
casiest is by stretching. Cut a picee
ol wire that is a lew inches longer
than actually needed  tor the coil.
Clamp one end tightly ina vise. Fake
hold ol the Iree end withe a pair ol
heavy pliers and stiretch the wirve Iy
pulling away dJrom the vise. The coils
may he wound on @ permanent form
ol 3 linch-diameter polystyrene rod
or tubing, or they may he wound on
@ temporary  wood or metal
which is removed when the coil s
completed: the turns then become sell-

form,

25 TURNS
#24 ENAM.  SOLDER
HERE
L3 i 4700Nn
SOLDER CHOKE /2 WATT
HERE RESISTOR

Fig. 6-3. 1.3 choke winding.

1 TURN

2, TURNS
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SPACE: | WIRE
GND. [o]

END VIEW OF L2

Fig. 6-2. Antenna coil windings.

supporting. ‘T'he polystyrence tubing is
imexpensive and can be bought at
most large radio-supply houses. It is
usually sold by the foot: one foot will
he more than enough for all the cotls.
Also available is a special cement that
may bhe used for holding the ends ol
the windings in place. Whether wound
on a permanent form or self-support-
img, the coils can be mounted on bases
made ol narrow polystyrene strips.

The antenna coil, Figure 6-2, con-
sists of two windings. "T'he secondary
is 2-1/2 wurns, with the turns spaced
a distance cqual to the diameter ol
the wire, A\t a distance ol one-quarter
inch from one end of the secondary,
the onc-turn primary is wound. When
wired in the circuit, the end of the
secondary nearest the primary is con-
nected to ground: the opposite end iy
connected to grid.

Referring to the complete cireuit
diagram, Figure 6-1, you will notiec
that the r.l. unit consists ol two wind-
ings, L5 and 1.1 1.3 is a choke, wound
on the body of a1 2avatt, 4700-ohm
carbon resistor (see Figure 6-3) . The
winding consists of 25 wrns of #214
enamelled wire, close-wound (no spac-
ing between turns) . Belore starting
the winding, solder one end of the
wire to one ol the resistor leads. Wind
on the 25 wturns, then connect and
solder the remaining end to the other
resistor lead. This connects the choke
and the resistor in parallel.

Coil L4 consists of 2-1/2 wturns ol
#11 wire wound on a 3/4-inch-diam-
cter lorm, as shown in Figure 6-1
The spacing between wurns is equal
10 the wire diamceter. This winding is
quite similar to the secondary of the
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antenna coil. Additional construction
information on both L2 ard L4 can
be gathered from the end vicw of the
coil, Figure 6-2. Notice that the ends
of the winding are diametrically op-
posite.

The oscillator coil, Figure 6-5, is
made up of 2 turns of #14 enamelled
wire, using the same size of form and
the same spacing as for the other coils.
However, L5 differs in having a tap
located one-third of a turn from one
end. After you have determined the
location of the tap, scrape away the
enamel insulation at that point. Pre-
pare a short length of the wire used
for winding the coils by removing the
insulation from one end. Apply a
very small amount of soldering paste
to both pieces, place in contact, and
solder. Finally, remove all traces ol
soldering paste with alcohol.

Parts list

Resistors
R1 1 megohm volume control,
with switch, SW1
R2 15K ohms, 1/2-watt carbon
R3 820 ohms, 1/2-watt carbon
R4 10K ohms, 1/2-watt carbon

R5 56 ohms, 1/2-watt carbon
R6 560 ohms, 1/2-watt carbon
R7 2 megohms, 1/2-watt carbon
RS 500 ohms, 1/2-watt carbon
R9 1K ohms, 1/2-watt carbon

R10 68 ohms, 1/2-watt carbon
R11 200K ohms, 1/2-watt carbon
R12 500 ohms, 1/2-watt carbon
R13 1K ohms, 1/2-watt carbon
R14 68 ohms, 1/2-watt carbon
R15 200K ohms, I/2-watt carbon
R16 500 ohms, 1/2-watt carbon
R17 1K ohms, 1/2-watt carbon
R18 50 ohms, 1/2-watt carbon
R19 10K ohms, 1/2-watt carbon
R20 500 ohms, 1/2-watt carbon
R21 1K ohms, 1/2-watt carbon
R22 50 ohms, I/2-watt carbon
R23 5K ohms, 1/2-watt carbon
R24 50K ohms, 1/2-watt carbon
R25 2K ohms, l-watt carbon

2Y, TURNS
Fig. 6-4. RF coil winding.

Condensers
Cl .05 mfd., 200-volt paper tubu-
lar
C2 005 mfd., 200-volt paper tubu-
lar
C3 -005 mfd., 200-volt paper tubu-
lar

C4 10 mfd., 150-volt clectrolytic,
tubular cartridge

C5 .00033 mIid., 200-volt mica

C6 .00033 mfd., 200-volt mica

C7 01 mfd., 200-volt paper tubu-
lar

C8 0015 mfd., 400-volt mica

CY 0015 mfd., 400-volt mica

C10  .0015 mfd., 200-volt mica

Cl1 L0015 mfd., 200-volt mica

Cl12  .0015 mfd., 400-volt mica

C13  .0015 mfid., 400-volt mica

Cl14  .0015 mid., 200-volt mica

C15  .0015 mid., 200-volt mica

Cl16  .0015 mid., 400-volt mica

C17  .0015 mid., 400-volt mica

C18 .0015 mfd., 200-volt mica

C19 3 mmfd., 200-volt silver mica

C20  1.5-5 mmid., ceramic trimmer

€21 7.5-20 mmfd., three-gang tun-
ing condenser, with C27 and
C31

TAP AT Y3 TURN

'SPACING=! WIRE

Ls
2 TURNS

Fig. 6-5. Oscillator coil winding.
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22 mmibd., 100-vole mica

015 mitd., 100-volt mica
0015 wild., 100-volt mica
0015 mild., 200-volt mica
1.5-5 mld., ceramic trimmear
With C21

0015 mild., H00-volt mica

3 mmfbd., 100-volt silver mica
1.5-3 mmld., cerimmice trimma
With (2

20-20 mitd., 150-volt clectroly

)

tie, aluminum can, vertcal
mounting
Coils
Antenna coil, with L2 (see
text)
Wiuh LI
Choke  (see text)

R.F. coil (see text)
Oscillator coil (see text)
Transformers

10.7 mce. N L oansformer:
Stanwyck SEM-61418 0l
cquivilent

10,7 me. FM Ll ransformer:
Stanwvek SENM-GTS or
cquivalem

10,7 e, FM ratio detector
ransformer: Stanwyck SFM-

vool s equivalent

RADIO AND

-6 el Ft I S5 g )

14 Hewwer  transtormer. primany
FI7 volts, secondary 6.3 volts
3 amp. Thordarson T21E10
or equivalent
Miscelluneous
Chassis: 7-1 2x9x1-1 2 inches
6 7-pin miniature tube sockets with

bhases for tube shiekds
6 miniature tabe shiclds
12-inch dength  300-0him
wansmission line
2erminal antenna-connection strip
Line cord and plug
2-and B-point die steips
1-36x3 R-inch r.h. machine screws
136 hexagon nuts
6-32x3 8-inch r.h. machine screws
H-52 hesigon nuts
Push-hack wire

twin-lead

Rosin-core solder

Tubes
GBAG (3). GBEG (1), 6ALD
GG ().

M-

Layvout and assembly

Figure 6-6 is a top view of the
chassis, showing all major components
in position with the exception ol the
antenna, rd, and  oscitlator  coils.
I'hese coils are mounted beneath the

]
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— :pcw
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T
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Fig. 6-6. Top view of six-tube FM tuner chassis.
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chassis, cach immediately below its
respective  tuning-condenser  section,
As yvou will see from the positions of
the rf., mixer, and oscillator tubes,
the tuning-condenser sections are s
follows, numbering from front to rear:
I, antenna: 2, r.f.; 8, oscillator. Trim-
mer condensers are mounted directly
on the tuning condenser.

The rd., mixer, and oscillator tubes
are located close to the variable-con-
denser sections they are  associated
with. Thus the rf. wabe is placed im-
mediately boside the antenna section
of the condenser: the mixer tube is
close to the middle, or r.f., section ol
the condenser: and the oscillator tube
is to the left ol the rear, or oscillator,
section of the condenser.

The first i.f. transformer is placed
near the left edge of the chassis, just
opposite the mixer tube, keeping the
connections between tube and trans-
former short. The first i.f. amplifier
tube, second Lf. transtormer, second
i.f. amplifier tube, and the ratio de-
tector transformer are arranged in a
straight line along the left side of the
chassis, making short connections be-
tween units. The 6ALS ratio detector
tube is to the right of the detector
transformer. "The output terminals—a
2-terminal antenna-connection strip is
used for this purposc—are located on
the rear apron of the chassis,

You can substitute a length ol
shielded wire, terminating in a stand-
ard phono plug, for the antenna ter-
minals. The plug is inserted in a cor-
responding jack located on the ampli-
fier chassis. And this arrangement is
preferred to the antenna terminal
strip, but of course the tuner was de-
signed so that it is adaptable to a wide
variety of situations.

It shiclded wire is used and if the
volume control is to be located on the
tuner chassis, connect the center wire
of the shielded cable to the movable
contact of the volume control, R1 in
the diagram. Connect the shield to
chassis.
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On the other hand, it the volume
control is to be part of the amplifier
circuit, R1 in the tuner diagram will
be omitted. In this case, connect the
center wire of the shielded cable to Cl,
and the outer shield to chassis. The
shielded wire should, of course, be no
longer than is absolutely necessary.

The entire right side of the chassis
is reserved for the power supply com-
ponents. ‘The heater wansformer is

/COI L
POLYSTYRENE
ASHER
SPACER
6-32 SCREW

Fig. 6-7. Coil assembly.

located at the right rear corner, with
the selentum rectifier and fileer con-
denser forward of it If a4 volume con-
trol is to be part of the tuncr, it may
be centrally located on the front apron
of the chassis, below the tuning con-
denser.

A suggested method of mounting
the antenna, r.f., and oscillator coils
when permanent winding forms arc
not used is shown in Figure 6-7. If you
usc this method, you will necd the fol-
lowing for cach coil:

2 pieces of sheet polystyrene, 1/2
inch by 1/8 inch in cross scction
and about 3/4 inch longer than
the coil

2 6-32x1 inch r.h. machinc screws
with nuts

Several washers to fit over the 6-32
screws

2 piecces of 1/8-inch-inside-dia-
meter brass tubing, 1/2-inch
long, or brass spacers of cquiva-
lene size

The coil is assembled as shown in

Figure 6-7. Note that the turns are
held hetween the two  polystyrenc
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GROOVES FILED IN STRIP
TO FIT TURNS OF COIL

Fig. 6-8. Detail of polystyrene strip.

picces: any space between the ends of
the strips is taken up by washers. 'T'he
coil, with the insulating strips, is held
awiy from the chassis by means of the
spircers or tubing, while the entire as
sembly is Tastened to the chassis with
the one-inch screws and nuts. Groove
cach piece of polystyrenc with a round
or three-cornered file as shown in Fig-
ure 6-8, and drill the ends lor 6-32
screws. The grooves iaccommodate the
turns ol the coil.

When you arrive at positioning the
coils, vou will probably have two
choices. They may be mounted on the
underside ol the chassis, cach immedi-
ately under the tuning-condenser sec-
tion it is to be connected to. The
mounting scheme  deseribed i the
preceding paragraph is adeal for such
an arrangement,

I'he second possibility is to mount
cach coil dircctly on its tuning-con-
denser section. In some cases, the coil-
mounting arrangement  already  dis-
cussed can be used, but in others, an-
other method will have to be worked
out, depending upon the construction
ol the condenser.

Wiring and testing

Wire the project lrom the sectional
diagrams rather than the complete
schematic.

Ileater and power supply circuits
See Figure 6-9 for circuit diagrams.
Connect one line-cord wire 1o the

selenium rectifier, the other to one
switch terminal. One side of the pri-
mary ol T4 is also connected to the
same rectificr terminal, The remain-
ing primary wire runs to the free
switch terminal and thence o chassis.
Comncecet one end of R2) 1o the frec
terminal of SR, and the remaining
end to a tiestrip terminal; this termi-
nal will be the B-plus connection for
all tubes. Wire the two filter-condens-
or positive leads as shown, and con-
nect the negative fead to chassis.

The wube heaters are connected in
parallel to the secondary of T Con-
nect all of the #35 socket terminals to-
gether, then connect @ wire between
the secondary of T and the #35 ter-
minal on the socket nearest the urans-
former. Connect all ol the #1 pins
and the remaining wanslormer  sec-
ondary wire to chassis.

The heater civenit may be tested
by inserting the tubes in their sockets,
connecting the line plug to an outlet,
closing the switeh, and noting whether
the tubes light. I you have an AC
voltmeter, you may measure the volt-
age hetween pins 3 and 4 ol cach tube
socket. Correct reading is 6.3 volis,

A DC voltmeter is needed to make a
check of the power supply circuit. The
meter range should be not less than
150 volts. With the negative test lead
on chassis, touch the positive lcad to
the 1erminal of R25 that is farthest
Irom the sclentum rectifier. The read-
ing at this point should be from 90
o 120 volts.

6BAG 6BEG 6BA6 6B8A6 6ALS 6C4
RE . WMIX I F RO OSC

Ta
‘ 4 4| L B B R
SR R25 2k e+ %
:[D*’ 2owo"L C32 20MFO

S5 =

Fig. 6-9. Heater and power supply.
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Ratio detector eircuit

Sec Figure 6-10 for the circuit dia-
gram,

Notice that the two diodes are con-
nected series aiding: because of this
the outer ends of the ransformer scc-
ondary winding are not connected to
the diode plates, as you might antici-
pate. Instead, one end of the second-
ary is connected to a plate (pin 7)
while the opposite end of the winding
is wired to a cathode (pin 5).

Between the remaining tube-socket

6ALS

7

Ts 44‘

E)

fs
Re 560,

Ce Cs
ooossl I I 00033

in the middle. Connect €2 between
the junction point of R2 and C1 and
chassis.

All that remains is to wire the AVC
filter, consisting of R7 and C7. They
should be mounted on a tie strip and
one cnd of cach connccted together.
Be sure the outside foil of €7 is con-
nected to chassis. The free end of R7
is then connccted to the junction of
R4 and R6. Note that the grid returns
to the two if. amplifier stages will be
connected to point X, the AVC (er-

R3

Seong

Ry

A e |

o I
| | T

> Ct
< s20n o8
«
A
R2
18K R
IMEG.
1 C2
008 OuTPUY

Fig. 6-10. Ratio detector circuit.

terminals (pins 1 and 2) we have a
rather complicated circuit consisting
of (.3, C4, C5, C6, and R3, R4, RH,
and R6. Connect G5 and C6 in scries,
then connect the series combination
between socket terminals 1T and 2. R3
is conncected from socket terminal 1 to
chassis. With R6 mounted on a tic
strip, connect one end to pin 2 of the
tube socket. Now, from the free end
of R6 we have R, C3, and €, all in
parallel: the frec terminal of this
parallel combination is to be con-
nected to chassis.

Connect  the transformer  tertiary
winding to the junction of C5 and
C6, through R5. From this same point
(the junction of €5, €6, and RbH)
conncect the series combination of R1,
C1, and R2 1o chassis. Notice that R}l
(the volume control) is at the chassis
cnd of the series combination, with C}

minal, later on.

There is no simple operation test
that can be made on this stage. A
voltage analysis cannot be made since,
under normal conditions, there will
be no DC voltage at any of the tube
electrodes, with the exception of the
heater terminals. A resistance check
can be made, and the test points and
normal rcadings are listed below:

From To Olims

pin 7 chassis  infinity

pin 5 chassis  infinity

pin 7 pin 5 will vary with indi-
vidual transformer

pin chassis 820

1
pin 2 chassis 10,560

Second i.f. amplifier circuit

See Figure 6-11 for the circuit dia-
gram,

C8, ClI1, R8, RY9, and R11 are hest
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supported on tie strips. I R8 and R4
are mounted on a 3-point strip, their
common  point can conveniently  be
wired o B plus (sec power supply
diagram, Figure 6-9). The remaining
terminal of R may now be connected
to the B-plus end of the T3 primayy.
I'he opposite end of the primary s
connected to the plate of the tube
(pin ). Add the condenser C8 {rom
the junction of R8 and the vansform-
cr winding to chassis.

Complete the sereen circuit by con-
necting the free end of RY to the
sareen terminal (pin 6) . Before solder-
ing the connection, add the screen
bypass condenser, €Y.

R10, the cathode resistor, and €10,
the cathode bypass condenser, are con-
nected in parallel and the combina-
tion connected between socket termi-
nal 7 and chassis. These two compo-
nents mie either be mounted on a tie
strip or be connected dirvectly between
the socket terminal and chassis.

One end of the T2 secondary wind-
ing is comnected to the grid of the
tube (pin 1), At the same time, con-
nect pin 2, the suppressor, to chassis,
R11 is connected fron the remaining
terminal of T2 10 AVC (point X in
the ratio detector circuit, Figure 6-10)
Add condenser CIT from the junction
of the 'T'2 winding to chassis, and the
wirin, of this stage is completed.

Mauke a resistance check of the stage
and compare the readings with those
aiven:

~

a—AA
-~
8:
<1—"|IJ
@

0015

wFo 10 BH(SEE
TO POINT “X"ISEE POWER SUPPLY CIRCUIT)
RATIO DETECTOR CIRCUIT)

Fig. 6-11. Second IF amplifier.
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TO POINT “X"(SEE
RATIO DECTECTOR CIRCUIT)

Fig. 6-12, First IF amplifier.

I'rom To Olms
pin | chassis 2.2 megohms
pin | AVC point 200K

pin 2 chassis 0

pin 5 chassis over 100K
pin B plus approx. b0
pin 6 chassis over 100K
pin 6 B plus 1000

pin 7 chassis 68

Normal voltages for this stage are:

From © To DC Volts
pin 1 chassis 0
pin 2 chassis 0
pin 5 chassis a0
pin 6 chassis 90
pin 7 chassis ol

First i.f. amplifier circuit

I'he circuit diagram for this stage
is shown in Figurc 6-12. The wiring
and test procedures are exactly the
same as lor the second il amplifier
stage.

Mixer circuit

See Figure 6-13 for the circuit dia-
aran.

Mount R16, R17, R19, C16, and C19
on terminal strips before starting the
wiring. R18 and CI8, in parallel, may
be connected directly from the cathode
terminal of the wbe socket (pin 2) to
chassis. Connect the plate terminal of
T to pin 5 of the tube socket. With
RI6 and RI17 on a 3-point tie strip,
connect their common point to B plus
(sce power supply circuit, Figure 6-9) .
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Connect the free end of R17 to the
screen terminal (pin 6) of the tube
socket, but betore soldering conncect
CI7 from pin 6 to chassis. To the free
end of R16 conncct the B-plus termi-
nal of the Tl primary: C16 is then
connected from this point to chassis.

Connect R19 from tube-socket ter-
minal #1 to chassis; do not solder until
you have connected one terminal of
C19 to this point. T'he remaining ter-
minal of 19 is connected to point ¥
in the oscillator circuit, but this con-
nection is not made until the oscilla-
tor circuit is wired.

The r.f. coil, L4, the r.f. section ol
the wtuning condenser, C21, and the
trimmer condenser, C20, are now con-
nected in parallel. The exact proce-

Cay
VAR.COND
7520
Ce2 "\"m,
33MMFD.

[ A 1
-1l 3 f
TO POINT é AC

.
(SEE RF
AMPUFIER  [Le
CIRCUIT) Neeo
MMF D
TRIMMER

TO POINT “Y"
(SEE OSCILLATOR

CIRCUIM
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and trimmer in parallcl, connect the
high side of the parallel combination
(the stator of the tuning condenser)
to the grid (pin 7) of the tube. The
opposite end ol the combination is
conncected to chassis. Whether or not
an actual wire connection is necessary
here depends upon the construction
of the tuning condenser; in the aver-
age case, the frame of the condenser
will take the place of a wire connec-
tion to chassis. If a connecting wire
must be used, keep it as short as pos-
sible: short connections here are just
as important as between the coil and
the grid of the tube. Complete the wir-
ing of this stage by connccting onc
end of C22 to the grid of the tube
(pin 7). The opposite end of this con-

n

Ci 6|

TOB+
(SEE POWER
SUPALY CIRCUT)

Fig. 6-13. Mixer circuit.

dure for making the connections will
depend upon the location of L1 with
respect to C210 If L is mounted di-
rectly on the tuning condenser, the
end ol the coil winding itsell may be
connected directly to the condenser
terminal. C20 should be fastened to
the frame of the tuning condenser,
so that there will be a minimum ol
wire conncction between the two.
Don’t torget that at the high frequen-
cics appearing in this circuit (88 to
108 megacycles) a half inch of con-
necting wire can change the induct-
ance of the circuit—and therefore the
frequency—to an appreciable degree,

With the coil, tuning condenser,

denscr is connected when the r.[. stage
1s wired.

Here are the test points and normal
readings for a resistance analysis:

From To Ohms
pin 1 chassis 10K

pin 2 chassis 50)

pin 5 chassis over 100K
pin 5 B plus 500

pin 6 chassis over 100K
pin 6 B plus 1000

pin 7 chassis 0

For those who wish to make a volt-
age check, the test points and normal
readings are listed:
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From 1o DC Tolts

pin 2 chitssis V)

pin 6 chassis 90

pin chassis 90

R.F. amplifier circuit

See Figure 6-11 Tor the circuit dia-
aram.

Ay in the ciase ol the mixer circuit,
unusual care must be exercised in the
wiring. Al wires must be as short and
direct as possible and all connections
should be well soldered.

R26, R21, €23, and the choke, L3,
should be mounted on tie strips. Con-
nect the junction ol R20 and R21 to
B plus. The remaining end of R21 s
connected o the sereen terminal ol
the socket (pin 6) . Condenser C21 s
connected from the screen terminal to
chassis. Connect the plate terminal of
the tube socket (pin 3) to one termi-
nal of L3, The remaining terminal of
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mer condenser, G206, are connected in
parallel. Reter to the instructions for
wiring the mixer circuit il additional
mtornuition is wanted. One terminal
ol L2 is connected o the grid terminal
ot the tube socker (pin 1) and the
opposite terminal to chassis. The ends
ol the 12-inch length of transmission
line are connected to the werminals ol
the antenna-coil primary, L1, and the
Iree end of the line is brought out at
the rear ol the chassis.

Make a resistunce check at the
points listed below:

I'rom To Olins
pin | chassis 0

pin 2 chassis 0

pin 5 chassis over 100K
pin H B plus 500

pin 6 chassis over 100K
pin o B plus 1000

pin 7 chassis 50

ANTENNA

(S

QL

T0 C22
SEE MIXER
CIRCUIT}

{SEE POWER
SUPPLY CIRCUIT)

Fig. 6-14. RF amplifier circuit.

1.3 joins the free end ol R20; from this
junction €23 is connected to chassis.
Don’t lorget to connect the Iree end
of €22 (mixer circuit) to the top end
ol 1.3 (point Z in the diagram) .

R22 and C25, in parallel, may be
connected directly from the cathode
terminal ol the tabe socket (pin 7)
to  chassis. Socket  terminal  #2is
grounded to chissis.

‘The antenma-coil secondary wind-
ing, L2, the antenna section ol the
tuning condenser, C27, and the wrim.

To make a voltage check, refer to
the test points and normal readings
listed here:

I'vom To DC Volis
pin 7 chassis %)
pin 6 chussis 90
pin 5 chassis 90

Oscillator circuit

See Figure 6-15 for the circuit dia-
gran.

Conneet L), C31, and C30 in paral-
lel, making sure that all connections
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are direct. Note that the end of the
winding farthest from the tap is con-
nected to the stator of the tuning con-
denser. The smaller end of the coil
is connected to chassis and the rotor
of the tuning condenser. Connect the
top end of the coil to the grid termi-
nal of the tube socket through C29.
From the grid terminal, connect R24
to chassis. Make the connection be-
tween the grid end of the coil and
C19 in the mixer stage. Connect the
oscillator coil tap to the cathode of the
tube socket (pin 7).

R23 should be mounted on a ticstrip.
One end of this resistor is connected
to B plus (sce power supply diagram,
Figure 6-9). The opposite end ol the
resistor is connected to the plate ter-
minal of the socket (pin 5). Connect
C28 directly from plate to chassis.
This completes the wiring of the
tuner.

Test points and readings for a re-
sistance check are given in the table
below:

From To Ohms
pin 5 chassis over 100K
pin 5 B plus 5K

pin 7 chassis 0

pin 6 chassis 50K

Only onc of the socket terminals
will show a voltage reading that is
mecasurable with an ordinary instru-
ment—the plate (pin 5). The reading
from this terminal to chassis should
be about 90 volts.

FM tuner alignment

Unless you have had considerable
experience in recciver alignment, we
suggest that you have the tuner
aligned by an experienced scrvice
man. If you feel that you can do the
job and have, or can borrow, the nec-
essary equipment, the following in-
structions will be helptul. You will
need a high-frequency signal gener-
ator and a vacuum-tube voltmeter.

Connect the vacuum-tube voltmeter
across Rt in the ratio detector circuit,

TO Ci9 6C4)
(SEE MIXER
CIRCUIT)

0015
MFD

£ | R23<L
c2e 5‘{

Ca Cio
7.5°20 1575
MMFD. MMFD. TOB+(SEE
VAR CONO. TRIMMER POWER SUPPLY CIRCUIT}

Fig. 6-15. Oscillator circuit.

as illustrated in Figure 6-16. The gen-
erator is connected to the grid of the
second i.f. stage (pin 1) and adjusted
to deliver a 10.7-megacycle signal.
Adjust the primary trimmer of the
ratio detector transformer, T1, for
maximum reading on the meter.

The next step is to tune the second-
ary ol the ratio detector transformer,
T'1. Disconnect the vacuum-tube volt-
meter. Connect two 100,000-ohm re-
sistors in series and connect this com-
bination across R4 in the ratio detec-
tor circuit. Connect the meter between
the junction of the two 100,000-ohm
resistors and the junction of C5 and
C6, as shown in the sketch, Figure
6-17. With the generator connected
and adjusted as before, adjust the sec-
ondary trimmer of the ratio detector
transformer until you get a zcro read-
ing on the mecter. Disconnect the
meter and the two 100,000-ohm re-
sistors.

To align the if. stages, the meter
must again be conncected as in the first
step, in parallel with R4 in the ratio
dctector circuit. See Figure 6-16. With
the gencrator connccted to the grid
(pin 7) of the mixer circuit and ad-
justed for 10.7 megacycles, tune the i.f.

6ALS N —
IS
1

Fig. 6-16. Meter connections for ad-
justing primary of R.D. transformer.
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' oo% L
Io)

100K

AN' :
Fig. 6-17. Meter connections for ad-
justing secondary of R.D.T.

trimmers, starting with the secondary
ol Tl and working back toward the
mixer stage. Adjust each rimmer to
give maximum reading on the vacu-
um-tube voluneter.

Alow the vacuum-tube voltmeter
1o remain in its present position for
alignment ol the r.f. and oscillator cir-
cuits. Connect the generator 1o the

antenmma ternninals, with o 300-0hm
carbon resistor in series. Adjust the
generator to deliver a 105-megacycle
signal. Tune the receiver to this fre-
quency. Adjust the oscillator trimmer,
€30, to give maximum reading on the
meter. Atter the oscillator has been
adjusted, vary the rf. and antenna
rimmers, C20 and C26, to give max-
mmum reading. When this has been
achicved, rock the tuning condenser
slightly on cither side of the 105-mega-
cycle position, If the receiver does not
tune exactly back to 105 megacycles at
the maximum reading of the meter,
turn the dial slowly to 105 megacycles
and readjust the oscillator trimmer
until the 105anegacyele point has been
reached,

HOW TO MAKE YOUR OWN M ANTENNA

T'here is no reason why you cannot
build your own FM antenna for
cither indoor or outdoor scrvice, de-
pending upon your location. In metro-
politan areas served by a powerful I'M
transmitter, an indoor antenna will
probably be satisfactory,

Of the simpler types of FM antenna,
two are readily adaptable to home
construction: the simple dipole and
the folded dipole. If you decide to use
an indoor antenna, it is simple to
make up a folded dipole from the
transmission wire ordinarily used to
connect the antenna to the set.

You will need a picce of transmis-
sion line 58-1 /2 inches long. Strip one
inch of insulation from both wires at
cach end of the line. Twist the bared
cnds of the pairs together, as shown in
Figure 6-18, Locate the exact center of
the length of the line by measurement.

[

S

s -

CONNECT LEAD-IN HERE

Fig. 6-18. Indoor antenna.

At the center point, cut through one
wire only. Remove the insulation from
the two ends thus formed. The line
leading to the set is then connected to
these points. The completed antenna
nay be fastened to a wall with tacks
or by any other suitable method.
Remember, best reception is obtained
when the antenna is at right angles to
the direction of reception.

A simple dipole for outdoor use
may be made of 1/2-inch-diameter
aluminum rod or tubing, as illustrated
in Figure 6-19. The rod is divided into

S6. 2
?
ALUMINUM

ROD OR
TUBING
STRAPS
INSULATING
) 8LOCK
TRANSMISSION
LINE

Fig. 6-19. Outdoor dipole antenna.
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ALUMINUM ROD
OR TUBING

TRANSMISSION LINE .

Fig. 6-20. Outdoor folded dipole antenna.

two cqual scctions and fastened to a
block of bakelite or other plastic by
means of small metal straps. The end-
to-end length of the finished antenna
should be 56-1/2 inches. The com-
pleted assembly is mounted on a mast,
with the antenna facing toward the
station. The lead-in, or down lead, is
300-ohm transmission line, connected
to the inner ends of the rod.

A folded dipole antenna, Figure
6-20, can be made of 1 /2-inch-diameter

aluntinum rod or tubing. Here again,
the total length of the antenna should
be 506-1/2 inches. It you make such an
antenna, use soft aluminum rather
than aluminum alloy, as it is much
casier to bend. Rod is also much easier
to bend than tubing on account of the
tendency ol the Jatter 1o kink. This
tendency can be circumvented it you
use a spring tubing bender as electri-
cians and refrigerator-service men do.
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Chapter 7

How to Build Your
Own Test Equipment

EVFR\'ONE who builds radios will
sooner or later find that he necds
test equipment. Of course, the equip-
ment may be borrowed when needed,
but it is always more convenient to
have simple test instruments on hand.
However careful you may be in your
construction work, errors in wiring
are bound to occur now and then.
And even if you are unusually cau-
tious in wiring and avoid misplaced
connections, defects in the parts may
show up. The detection ol wiring
errors and defective parts is almost
impossible without test instruments,
however crude they may be. Then,
too, the more elaborate sets will have
to be aligned when completed, which
cannot be done without some kind
of signal generator. The absolute
minimum in test equipment is a volt-
ohmmeter and a signal generator.

The instruments needed for align-
ment and trouble location may be
purchased, and there are now avail-
able low-priced versions of more elal-
orate equipment. But you will cer-
tainly gain considerable skill and
knowledge from the construction of
your own apparatus while you are
making a substantial saving.

In this chapter we discuss the con-

struction of several instruments, in-
cluding a simple volt-ohmmeter and a
fixed-frequency signal generator. We
also consider briefly the basic prin-
ciples of the equipment, so you will
be better able to design and build ap-
paratus to suit your particular needs.

The volt-ohm-milliammeter or
multitester widely used by service men
is four separate measuring instruments
in one, although all {four circuits use
the same meter movement. The four
instruments are: 1) DC voluneter; 2
DC milliammeter; 3) AC voluneter;
4) Ohmmeter. The DC volumeter and
the ohmmeter are indispensable for
all radio workers, but the AC volt-
meter and the milliannneter are abso-
lutely necessary only to the profes-
sional serviceman and may be omitted
from equipment built for a construc-
Lor or experimenter.

Milliammeter circuits are incor-
porated in the multitester described
later in this chapter. Practically all
presgnt-day multitesters are single-
meter instruments and are based on a
DC milliammeter. The DC milliam-
meter is used for indicating all quan-
tities and, by means ol special circuits,
is adapted for use as a DC volumeter,
AC voltmeter, or ohinmcter.

DC MILLIAMMETER

Almost every multitester is equipped
with more than one milliampere
range. The meter movement found in

current  production of such instru-
ments may have a tullscale reading
from I milliampere to asy low as 50
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0-1 MA
27n

ool
MA

Fig. 7-1. Increasing meter range.

microamperes. ‘Fhe meters having a
lower full-scale reading are generally
rather expensive since they are much
more sensitive. You need not use a
meter as sensitive as 1omilliampere.
Many milliammeters with  full-scale
readings of 10 1o 50 milliamperes may
he found at a fraction of their original
cost in surplus stores. But remember,
when converting a meter, the scale
reading may alwavs be increased to
any desired value but usually cannot
be decreased  without opening  the
meter case and removing any internal-
Iv connected shunts, In nany cases,
there are no internal shunts and the
runge cannot be decreased.

Suppose we start with a meter hav-
ing a scale reading from 0w 1 milli-
ampere: this is considered to be about
the minimum in sensitivity for radio
work. Should we find it necessary o
measure divect currents greater than |
milliampere, we can do so with the
original instrument by using a shunt,
as iHuwstrated in Figure 7-1. A shumt
is & resistor connected in parallel with
the meter: part ol the current to he
mcasured  passes through the meter
itsell, the balunce flows through the
shunt. I, for example, we want to
measure currents up to 10 milliam-
peres only, one-tenth ol the total cur-
rent  (one  milliampere)  must be
allowed to pass through the instru-
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ment, lor that is its full current-carry-
ing capacity. ‘T'he remaining nine-
tenths of the total current obviously
must pass through the shunt.

To accomplish this, the shunt must
have a resistance equal o one-ninth
ol the meter resistance and, of course,
we must therefore know the resistance
ol the meter. 'T'his can be determined
by measurement, buc usually  the
nanutacturer supplies the informa-
ton with the instrument. Suppose we
find the meter has an internal resist- -
ance of 27 oluns. The shunt must
have o resistance one-ninth ot the
value, or 3 ohms,

Use of a shunt may be extended to
afford & multiplicity of ranges up to
any practicable value, Fhe limit will
be reached when the vilue of the
shunt is so low that it is diflicult to
measure accurately, You can se¢ how
the value of the shunt changes if we
tike another example—using the same
meter o measure 200 millinmperes.
The maxionun that can be handled
by the meter is | milliampere, so the
remainder, 19 milliamperes, must flow
through the shunt. The current path
through the shunt must be 19 tmes
casier than the one through the meter,
therefore the shunt must have a re-
sistance  one-nineteenth  that of the

0-200
MICROAMPERES
1000n

20.4n
1oma
4160
5mMa
250n )
AM—otma
0200
ua

O
0C MA

Fig. 7-2. Multi-range milliammeter.
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meter, or approximately 142 ohms,
Notice that as the range increases the
vatue ol the shunt decreases, and it
must be more precise in value il the
accuracy of the instrument is to be
nutintained,

Multi-range millizmmmeters can be
made from any single instrament by
using the circuit shown in Figure 7-2,
The circuit consists of a 0-200 micro-
ampere instrument with a resistance
ol 1,000 ohms, Four ranges are used:
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0-200 microamperes, O-1 niilliamypere,
0-5 milliamperes, and 0-10 milliam-
peres. Only three shunts are required
because on the 200-microampere range
the meter is used unshunted. The
single-pole  four-position  switch s
used for changing {rom onc range to
another, Knowing the resistance of
the mieter, you may use it in a similar
multi-range instrument by calculating
the shunt values as described above.

DC VOLTMETER

A DC millimnmeter can be used as a
direct-current voltmeter by connect-
ing o resistor in series with it, as
shown in Figure 7-5. The resistor is
then known as a multiplier. Any dis-
carded DC milliammeter can be con-
verted into a voluneter, provided it
is in working order. If, as shown in
the sketch, the range of the meter
happens to be 0-1 milliampere and we
wint Lo use it to measure voltages up
to 150 (this range is particularly use-
ful in checking AC/DC projects),
then we must connect in series with
the meter a resistor whose value is just
sufficient o limit the current o 1
milliampere when 150 volts are ap-
plicd. Using Ohm's law, we find that
150 volts divided by 1 milliampere
(001 ampere) cquals 150,000 ohms.
You will notice that in this calculation
we have neglected the internal resist-
ance of the mcter. In the present
instance this is of little importance as
the meter resistance is only 27 ohms
and is negligible when compared to

150 VOLTS

-0
Fig. 7-3. Milliammeter to voltmeter.

the multiplier value of 150,000 ohms,
On lower voltage ranges the multi-
plier value will also be lower and the
meter resistance must be taken into

0-200 43,000n
MICROAMPERES -
tooon
IOV,
2490000 o

993000
- 250V.

24990000 psoov

‘L D.C.
VOLTS O—

Fig. 7-4A. Multi-range voltmeter.

account.  Furthermore, when using
meters having a higher internal resist-
ance (for example, a 0-200 microam-
meter with a resistance of 1,000 ohms,
Figure 7-1A) the meter resistance may
be a considerable proportion of the
total resistance and must be included
in the calculation. In all such cases,
the meter resistance is merely sub-
tracted [rom the total value of resist-
ance; this gives the actual value ot
multiplier nceded.

A simple multi-range voluneter is
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shown in Figure 7-L\. Here we have
used a 200-microampere meter with a
resistance of 1,000 ohms, The ranges
are: 0-10, 0-50, 0-200, and 0-500 volts.
In each case the value of the multi-
plier is equal to the computed value
minus the meter resistance, which in
this case is quite high. A single-pole,
four-position switch is used to select
ranges. )

In studying the diagrams of Figure
7-3 and 7-1A you will observe an im-
portant principle of voltmeter design.
If we take the value of the multiplier

UNKNOWN KNOWN

VARIABLE RESISTOR

—Ik o o

BATTERY SWITCH

Fig. 7-4B. Testing range of meter.

resistor in Figure 7-3 (150,000 ohis)
and divide it by the range (150 volts),
we find that for each volt we have a
series resistance of 1,000 ohms. This
quantity is referred to as “ohms per
volt” and is an indication of the sensi-
tivity—and indircctly of the accuracy
—ot the volumeter. A higher ohms-
per-volt rating meuns higher sensi-
tivity—the readings will be more ac-
curate as the meter circuit takes very
little power {rom the source to be
measured. The 0-200-microampere
meter of Figure 7-1A, by contrast, has
a sensitivity of 5,000 ohms per volt. A
50,000 ohm resistance is used for a
10-volt range (19,000-ohm multiplier
plus meter resistance of 1,000 ohms).
This meter thus has a sensitivity five
times that of the 0-1 milliamperc
meter. This leads to the conclusion
that the full-scale reading of a milli-
ammeter will be a direct indication
of its sensitivity when used as a volt-
nieter. For rough measurement, you

will find it possible to use a milliam-
meter with a full-scale reading of as
much as 5 milliamperes, which will
give a sensitivity of 200 ohms per volt,
although 1,000 ohms per volt is con-
sidered the minimum in protessional
servicing.

Converting a milliammeter into a
voltmeter

No doubt you are interested in the
procedure necessary for converting
any milliammeter into a voluneter,
Suppose you have an old discarded
instrtument, known to be in working
order, but no information concerning
its range or internal resistance. Per-
haps there are calibrations on the
scale, or perhaps the scale has been
removed or the markings are defaced.
Still another possibility is that the
meter was calibrated as a voluneter,
and the calibrations will then give no
clue as to the resistance or the current
required for full-scale deflection. In
that case, bear in mind that all valt-
meters are basically millianimeters.

The first step is to determine the
current needed to produce a full-scale
defiection. You will need a battery, a
variable wire-wound resistor, a cali-
brated milliammeter (which you can
probably borrow from another ex-
perimenter.or a service man), and a
single-pole single-throw switch. The
value of the variable resistor will de-
pend upon the range of the milliam-
meter used for comparison and the
voltage of the battery. For example,
if the standard milliammeter has 2
range of 0-10 milliamperes, a simplc
calculation will tell you that a re-
sistance of at least 150 ohms must be
connected in series to limit the cur-
rent to 10 milliamperes. To be on the
sale side, we suggest you use a re-
sistor much higher than this value,
say 500 ohms,

Now connect the two meters, the
dry cell, switch, and variable resistor
as shown in Figure 7-4B. Before clos-
ing the switch, adjust the variable re-
sistor to maximum value. With the
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switch closed, '.s'lowl)' turn the shatt ol
the variable resistor until either the
standard meter or the mcter under
test reads exactly full-scale defiection.
If the standard meter shows a [ull-
scale deflection first, you will know
the current flowing in the circuit is
exactly 10 milliampercs. Now note the
dellection ol the unknown meter. It
the pointer stands  at exactly  hall-
scale reading, the [ull range of the
meter is 20 mitliamperes. .\ rceading
of one-filth full scale means the full-
scale reading is 50 milliamperes, and
o forth, The scale may then be cali-
brated accordingly.

'lt is equally possible that the un-
known meter will reach a full-scale
deflection first. In that case, note the
reading of the standard meter. .\ read-
ing of 5 milliamperes, for example,
shows the full-scale reading of the
unknown meter is 5 milliamperes.
The method is really quite simple,
and it is only necessary to he sure that
one ol the two meters shows exactly
full-scale deflection.

Determining meter resistance

The next step is to determine the
resistance ol the meter movement. Ol
course, there arve times when the in-
ternal resistance of the meter is un-
important. In a voltmeter circuit, if
it is low compared to the resistance
of the multiplier resistor, it may be
disregarded. In a fow-range voltmeter,
however, the meter resistance may be
a considerable proportion of the mul-
tiplier value and must be taken into
account. As an example, we may con-
sider a meter whose resistance is 200
ohms and whose [ull-scale reading is
5 milliamperes. used as a 0-H-volt
DC meter, the multiplier would have
to be 1,000 ohms. As 200 ohms s a
fairly large part ol 1,000 ohms, the
meter resistiance must be subtracted
from the calculated valtue of the multi-
plicr, giving an actual value ol RB00
ohms. Furthermore, the resistance ol
the meter must be known il shunts are

1o be used with it and in some ohm-
meter circuits the internal resistance
becomes important.

To mcasure the meter resistance,
you will have to borrow an ohmmeter
or have someone who owns an ohm-
meter do the job for you. The pro-
cedure is illustrated in Figure 7-1C.
With the ohmmeter adjusted lor the
lowest range, touch the test prods to

OHMMETER

METER TO
BE MEASURED

Fig. 7-4C. Measuring resistance.

the terminals on the back of the meter.
At the same time be careful to watch
the pointer ol the meter under test.
Il the pointer shkuns over o the right
side of the scale, the current necded
for the operation of the ohmmeter is
areater than the full-scale reading ol
the meter. Remove the test prods im-
mediately o avoid “damage to the
meter. Il the current needed lor the
ohmmeter is too great, there are two
other methods ol measuring the re-
sistance. One is to use a higher ohm-
meter range or another ohmmeter.
I'le higher range may, however, make
it difficult to get an accurate reading,
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OHMMETER

RESISTOR

METER TO BE MEASURED
Fig. 7-1D. Using series resistor.

The alternative method is to connect
a resistor ol known value in series
with the meter under test, as shown
in Figure 7-1D. Select a value that is
well within the range of the ohmmeter
used. The resistance of the meter will
be the total reading minus the value
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of the known resistor. For example,
il the total reading is 500 ohms and a
known resistor of 300 ohms has been
used, the meter resistance is 200 ohms.

Knowing the fullscale reading and
the resistance of the meter, you may
proceed to convert it into a milliam-
meter ol any desired range or into a
DC voltmeter of one or more ranges
by using the information given above.
Instructions for using a milliammeter
as an ohmmeter will be given in the
scction o follow,

Another method of connecting mul-
tiplier resistors is shown in Figure
7-3. Here we have a 0-1-milliampere
meter movement used as a mulu-
range voltmeter for measuring 25, 50,
100, and H00 volts. The resistor needed
for the 25-volt range is, of course,
25,000 ohmis. When the range switch
is adjusted for the 50-volt range, the
25,000-0hm  resistor remains in the
circuit, so it is necessary to add only
25,000 ohms to give the total of 50,-
000, Similarly, when the 100-volt range
is used, the multipliers for 25 and 50
volts are alvo in the circuit and only
another 50,000 ohms need be added.
Both of the systems described are
wed in commercially made instru-
ments.

OHMMETER

We now come to the third function of
the millianmeter in a multi-tester.
There are many different ohmmeter
circuits, some more complicated than
others. The simplest—and the one
most olten used—is illustrated in Fig-
ure 7-6. 1t consists of the meter, a bat-
tery, and a variable wire-wound re-
sistor, R. Il the two test leads are
touched together and the resistor is
adjusted ~o the meter gives exactly
full-scile reading, we may use the de-
vice lor measaring resistance values
since as we introduce more and more
resistiance between the test leads, the
meter reading will drop to a lower
value. Suppose that with 50 ohms in

the circuit the reading is .8 milliam-
pere, with 100 ohins it is .7 milliam-
pere, and with 200 ohms it is .65
milliampere. "F'he next time we use
the instrument, it we get a reading of
.7 milliampere, we know this means a
resistance of 100 ohms, and so forth.
However—and this is very important
—the readings will be accurate only if
the instrument is first adjusted for
full-scale deflection with zero resist-
ance between the test leads. The ad-
justable wire-wound resistor is re-
ferred to as the “ohms adjuster” on
most instruments. The ohinmeter may
be calibrated either by making a chart
of current readings versus resistance
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readings or by actually marking the
resistance values on the lace of the
meter.

Converting a milliammeter into an
ohmmeter

In converting any millizimmeter in-
to an olmmeter, two things must be
considered:

1) "The maximum value ol resist-
ance that the instrument is capable
of reading depends upon the Tull-scale
reading of the instrument as a milli-
ammeter. In other words, a O-1-milli-
ampere movement will be capable of
reading much higher values ol re-
sistance  than a O-5-milliampere in-
strument.,

2y The maximum value of resist-
ance the instrument can indicate de-
pends upon the voltage of the battery.
Increasing the battery voluage will
permit the meter to read higher re-
sistance values.

‘The value of the variable resistor,
R in Figure 7-6, must be carefully
calculated. It must be high enough to
keep the current within the range of
the meter. You may want to know why
a hxed resistor is not used. The an-

0C.
) VOUT'S 0

Fig. 7-5. Alternative method of con-
necting multiplier resistors.
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Fig. 7-6. Basic ohmmeler circuit.

swer is that the battery voltage will
vary with usage: a variable vesistor
permits some adjustment as the bat-
tery voltage drops ofl.

To illustrate the method ol caleu-
lating the value of the variable re-
SISLOY, suppose we assume a O-T-milli-
ampere movement is o be used with
a bd-volt battery. To find the series
resistance, we divide the hattery volt-
age by the maximum allowable cur-
rent—1 millimnpere. We then have 1.5
divided by 001, which is 1500 ohms,
In this case we would use a resistor
with a value of 3000 ohlms: first be-
cause it is the nearest value readily
obtainable, and sccond because the
extra H00 ols alford a sitfety manr-
sin. IF we should happen to turn the
variable resistor to the minimum re-
sistance setting, however, there would
be little or no resistance in series with
the mcter and it might be diwmaged.
To guard against this, it is usual w
include a fixed resistor in series as
protection. This resistor in the in-
stance under discussion might be 500
or 1000 ohms. In the diagram, Figure
7-7. 1000 ohms has been used.

Let us find out what resistance
values this instrument is capable of
measuring. With the ohus adjuster
set for maximum current reading, the
resistance will, of course, be zero. I
we assume that the smallest current
indication which can be read accurate-
ly is .05 milliampere (1/20th of full-
scale reading), we can calculate the
maximum resistance veading. You will
remember that 1500 olins in series,
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with a fresh battery, will give full-
scale deflection. A deflection of .05
milliampere (or .00005 ampere) at
1.5 volts means there must be 90,000
ohms in series. 90,000 minus the orig-
inal 4500 ohms gives a value of 85,500
for the resistor under test. Actually,
we should be able to use such an in-
sttument for measuring values up-
ward of 100,000 ohms, depending up-
on our ability to rcad the scale ac-
curately.

The next step to consider is the
eflect of a higher battery voltage, as
many commercial ohmmeters provide
a multiplicity of ohmmeter ranges by
using different battery voltages.

It the meter (0-1 milliampere) of
Figure 7-7 is used with a 12-volt bat-
tery, a total of 12,000 ohms in series
is required to limit the current to 1
milliampere. A safe procedure is to
use a fixed resistor of at least 5000
ohms and a variable resistor of 10,000
ohms, as shown in Figure 7-8\. Again
assuming the smallest easily-read in-
dication is .05 milliampere, we see
that this value corresponds to a re-
sistance  reading of about 250,000
ohms. We may conclude, then, that
for a low-reading ohimmeter range we
must use either a hich current meter
or a low battery voltage or a combina-
tion of the two. For the higher re-
sistance ranges a more sensitive meter
in combination with a higher battery
voltage is necessary.

Using the information just given,

READING :05MA.(90,000 OHMS)

0-1MA

45
VOLTS

Fig. 7-7. Ohmmeter circuit with fixed
current limiting resistor.

READING: O5MA{250,000 OHMS)

0-TMA
- OHMS
= 12
- yOLTS
T —0

Fig. 7-8A. Increasir;g ohmmeter range
by increasing battery voltage.

you should be able to work out an
olimmeter circuit for alimost any milli-
ammeter you happen to have on
hand. Don’t forget that a discarded
voltmeter is converted to a milliam-
meter by disconnecting the multiplier
resistor in series with it. No matter
how low the sensitivity of the meter,
it can always be used in continuity-
checking of coils, transformers, and
the like.

Shunting the meter

Another method of obtaining two
or more ochmmeter ranges—a method
often used in commercial instruments
—is to shunt the meter in order to in-
crease the lull-scale current. And as
you know, an increase in the current
range will result in a lower ohms
range. Low-reading ohmmeters are
uselul in measuring low-resistance
components such as speaker voice
coils, 1.f., antennae, and oscillator coil
windings, and some kinds of trans-
former windings. It is often impossible
to measure these accurately with a
high scale meter.

Figure 7-8B shows how a shunt may
be used to lower the range of an ohm-
meter. The instrument used has a
range ol 0-500 microamperes and
a resistance ol 200 ohims. \When such a
meter is used with a 4.5-volt battery
and without a shunt, resistance values
up to at least 200,000 ohms may easily
be read. This assumes that the smallest
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0-500
MICROAMPERES
200N

OHMS
ADJUSTER

SHUNT

22.2 OHMS

In

L

4.5V.
BATTERY

Fig. 7-8B. Shunted ohmmeter.

Somms

readable indication ol cwrrent would
be about 25 micrommperes.

With the 22.2.0him shunt connected
as shown, the range ol the meter as a
milliammeter is extended o ten times
its former value, or 5 milliimperes.
The smallest easily-read current indi-
cation will be 250 microamperes, cor-
responding to a resistance reading ol
about 20,000 ohms. The current range
ol the meter may be extended to any
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desired value; the higher the full-scale
current, the lower will be the top read-
ing on the ohmmeter scale. Commer-
cial instruments connonly use a low-
reading ohmmeter scale with a maxi-
mum reading ol about 1,000 ohins,

When  calibrating  a home-made
ohmmeter, you will realize the ohm-
meter scile is not lincar—i given dis-
tance at the left-hand end ol the scale
represents a much greater change in
resistance than does the same distance
at the right-hand end of the scale. For
instance, @ space equal to one-tenth
of the entire FINge may represent it
the right-hund end a change ol only
5 ohms while the same space at the
other end may represent a change ol
several  hundred  ohms.  Generally
speaking, then, the right hall of the
scale 1s more useful than the left halt.
Naturally, this must be taken into
consideration when selecting an ohim-
meter range or you may find that the
reading falls into the part of the scale
where the calibrations are crowded
and difhcult o read with any degree
ol accuracy.

AC VOLTMETER

\ direct-current meter cannot be used
in its original form for measuring
alternating current or voltage: how-
ever, by using a small rectifier 10
change the AC to DC a direct-current
milliammeter can be made to func-
uon as an AC voluneter. One such
circuit is ilustrated in Figure 7-4.
tlere, the meter has a full-scale cur-
rent reading of 400 microamperes.
Mast meter rectifiers are of the cop-
per-oxide type and are  extremely
small, taking little space in the multi-
tester citse. Some, like the one in the

RECTIFIER
en

10
1 VOLTS AC
> O
Fig. 7-9. Using a rectifier.

illustration, consist ol two rectifier
units, others have a single set of discs,
and still others use four seis.

COMBINED VOLT-OHM-MILLIAMMETER

I you have lollowed our discussion
this far, you are prepared to build a
combination volt-ohm-milliammeter.
The project to be deseribed uses a

0-500-microampere meter, which has a
sensitivity ol 2,000 olins per volt, suf-
ficient for all measurements . con-
structor is likely to ke, Should you
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prefer to build an instrument with

higher sensitivity, you may substitute

a more sensitive meter movement and

calculate the voltmeter multipliers,

shunts, and ohmmeter resistances

from the information in the preced-
©ing pages.

The circuit diagram for the com-
bination is given in Figure 7-10. The
DC voltmeter ranges are 10, 50, 250,
and 500, There are two ohmmeter
ranges. And the current ranges are
0-500  microamperes, 0-10 milliam-
peres, and 0-100 milliamperes. - All
shunts, ohmmeter series resistors, DC
voltmeter multipliers and the low-
range ohmmeter shunt have been cal-
culated on the basis ol a meter resist-
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a three-deck, single-pole ten-position
switch, which may be purchased as a
unit or assembled from separate
switch sections. If you decide the DC
milliampere ranges are not necessary,
they may be eliminated, together with
the shunts, and a seven-position switch
used instead. The 1.0-ohm and 10.5-
ohm shunt resistors should be wire-
wound. If you are unable to buy them
in the values nceded, wind them from
wire of l-ohm-per-foot resistance, us-
ing a short length of 1/4-inch wood
dowel as a form. All such resistors
should be wound non-inductively. Be-
gin by doubling the required length
ol wire and start winding at the cen-
ter point.

O— O [e} SOOUA DC
o O AM\N——o 10MA DC
R 05n
(e, O WV O 100MAa OC
R9In
R3 o O RW’ — Low oaws
X oK 2 2220
0'| ] l 1 (e} HIGH OHMS
B A4SV
o— AN o 10v.0¢
Rae 208
‘vv‘ 50vV.0C
& Rs v 100K o < .
O RGWVW —0 o 250v.00
O —_—0 (o] 500v.0C
L1 IMEG
OG—T O(—(? OFF
+ R
~
0-500uA
2000
©+ -©

Fig. 7-10. Circuit of a volt-ohm-milliammeter.

ance ol 200 ohms. The total cost of
the project should not exceed twenty
dollars, although this will vary con-
siderably with the price you pay for
the mecter. Il you buy a three-inch-
square meter, the entire multitester
can be built into a wood, plastic, or
metal  box  measuring  about  four
inches wide, three inches deep, and
eight inches long. Shifting {rom one
range to another is done by means of

Parts list

Resistors
R1 Ohmmeter zero adjuster, 10K
wire-wound, variable
R2 Low-ohmms shunt, 22.2 ohms,

wire-wound

R3 High-ohms series, 1K ohms,
l-watt carbon

R1 10-volt DC, 20K ohms, 1/2-
watt carbon, 59 tolerance
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HMS Al T
TIP JACK OHMS ADJUS FRONT
.[1 s / /PANEL

1] ’

VoW oW WY e HI\
RANGE METER
SWITCH RESISTOR

SUB-PANEL

Fig. 7-11. Assembly of multitester.

R) H0-vole DC, 100K ohms, 1/2-
watt carbon. 57 tolerance

RO 250-volt DC, H00K ohnis, 1/2-
watt carbon, 5, tolerance

R7 H00-volt DC, 1 megohm, 1/2.
watt carbon, 3 tolerance

RS 10 milliampere  shunt, 10.5
ohms, wire-wound

RY 100 millizipere shunt, 1 ohm,

wire-wound
Miscellancous

Meters: 0-500 microamperes, 200 ohms

Switch: 8-deck, single-pole, 10-position

Panel: | x 8 inches, steel or aluminum

Case: 4 x 8 x 8 inches, wood, plastic,
or steel

2 phone tip jacks (insulated)

Battery: 8 1-1/2-volt penlighe cells

Push-back wire

Rosin-core solder

Bar-type knob for switch

Round knob for ohms adjuster

Resistor panel:  1/16-inch  bakelite,
3 x -} inches

2 angle brackets or spacers lor resistor
panel

6-32 x 3/8-inch r.h. machine screws

6-32 hexagon nuts

Soldering lugs

Figure 7-11 shows the location of
all major parts except the dry cells.
The cells can be mounted on the sub-
panel or in the bottom of the case,
the latter method is used, be sure the
connecting wires are long cnough o
permit removing the instrument {rom
the case without strain on the wires.
T'he resistor sub-panel is illustrated in
figure 7-12. Two 6-32 screws, two hexa-

son nuts, and two soldering lugs will
hold cach resistor. Resistors need not
be arranged in any particular order.
A top view of the main panel, show-
ing the positions of the meter, switch,
ohms adjuster, and tip jacks is shown
in Figure 7-15.

Refer to Figure 7-10 before starting
the wiring. Each vertical row ol ten
small circles in this diagram repre-
sents the contacts of one deck of the
three-deck  ten-position  switch. Be-
cause the three decks are ganged to-
gether on one shaft, all three of the
moviable contacts will advance simul-
tancously. In the drawing, the switch
is shown in the “off”” position; in this
position, one of the meter terminals
is connected to a tip jack, but the
opposite meter  terminal is  discon-
nected from the other tip jack because
all three of the switch blades are then
on open or unused contacts. With the
switch in the “off” position, the meter
is protected against accidental over-
foads that might result from tamper-
ing with the instrument or from care-
less handling.

The volt-reading circuits

T'o understand how the switch func-
tions, imagine that it has been ad-
vanced to the “500 Volts DC” position.

|

ﬁ

5

[

7999
0y
6 6 6

o

Fig. 7-12. Resistor sub-panel.
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We now have a complete circuig from
the minus tip jack, through the meter,
through the onec-megohim multiplicr
resistor, R7, to the plus tip jack. The
meter is set up to 1ead up to 500 volts,
with a suitable multiplier resistor in
series with it. Exactly the same circuit
is used in the other DC volts positions
except that in each case the appro-
priate multiplier resistor is cut into
the circuit. When the switch iy ad-
vanced lrom the “ofl” position to the
DC voltage ranges, the higher ranges
are selected first (an added protection
lor the meter).

The resistance-reading cireuits

In the resistance ranges, the circuits
are quite different. Suppose the switch
has been advanced to the “high ohms”
position. The switch deck at the ex-
treme right is not in use on that range
as there is no connection to its con-
tact. Tracing the “high ohms” circuit,
we start at the minus tip jack, con-
tinue through the meter to the middie
switch deck, and on through the ohmis
adjuster, R1, the current-limiting re-
sistor, R%, and the Li-volt battery to
the switch deck at the left; from this
point the circuit is completed down
to the plus tip jack. Thus the circuit
includes the meter, batwery, ohms ad-
juster, and curventlimiting resistor
all in series. Tt is a conventional ohm-
meter circuit, similar to the one ol
Figure 7-6, und you should have no
difhculty measuring resistance values
up to /4 megohim—or even higher.

When the switch is advanced to the
“low ohms” position, an entirely dit-
ferent circuit is in use. The ohmmeter
shunt, R8, is now connected in par-
allel with the meter, since the meter
is connected to the middle and right
hand switch decks and RS8 is con-
nected between the contacts of those
two decks. As there are two parallel
branches, the current divides through
them. The shunt has a  resistance
equal to one-ninth that of the meter,
consequently nine-tenths of the cur-

rent passes through the shunt and one-
tenth through the meter, which, of
course, increases the range of the
meter to ten times its tormer value.
Tracing the remainder of the circuit
(Irom the contact of the middle switch
deck), you will see that the ohms ad-
juster, R1, and the current-limiting,
resistor, R3, are in series with the
meter as belore. However, when you
come to the battery you will notice a
diflerence. The three cells are not in
the circuit, as they are in the “high
ohms” range. Instead, there is a con-
nection from the first cell up to the
contact of the left-hand switch deck.
As vou are aware, the use of a lower
battery voltage turther reduces the
range of the ohmmeter. The full cir-
cuit, then, includes the shunted meter,
the ohms adjuster, the current-limit-

OHMS
ADJUST

TiP
JACKSI@

RANGE
SWITCH

Fig. 7-13. Front panel of multitester.

ing resistor, and a L5 volt battery.
Except for the battery voltage, this
circuit is quite similar to the one
shown in Figure 7-8B and will read
values from zero to about 6,000 ohms.

When the switch is advanced to the
“100 milliamperes DC” position, there
are two parallel paths. One may be
traced  from the minus tip jack
through the meter to the contact of
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the middle switch deck, then through
a wire connection to the left-hand deck
contact and down o the plus tip jack.
The second path is through the right-
hand switch deck, the l-ohm shunt
resistor, R9, and the middle and left
switch contacts to the plus tip jack.
The 1-ohm shunt is thus in parallel
with the meter. The circuit for the
“10 milliamperes DC” range is similar
except that now the 10.5-0hm shunt,
R8, is in parallel with the meter.
However, when the switch is set for
the “500 microamperes DC” range,
there is no shunt in the circuit, which
miy now be traced from the minus
tip jack and through the meter, the
contacts of the middle switch deck,
and the left-hand deck contacts to the
plus tip jack. Notice that in passing
from the ohmmeter ranges to the cur-
rent vanges, the highest current range

SIGNAL

The utility ol a signal gencrator iy
not limited to alignment, although
that function is quite important to
the set constructor as any superhetero-
dyne recciver must be aligned after
completion and this cannot be done
i a satisfactory way without a gen-
erator,

The generator is also almost indis-
pensable in the rapid diagnosis ol
touble in sets and amplifiers. Sup-
pose you have just completed the six-
tube AC superheterodyne described in
Chapter 2. The last wire has been
soldered in place, the tubes have been
inserted in their sockets, and the poy-
er has been tworned on. The tubes
light up, but the sct is absolutely dead.
Obviously there is rouble somewhere
in the sct. T'o run the vouble down
vou might follow the haphazard
course ol checking all the wbes, in-
specting all the connections, and, per-
haps, eventually testing all the parts.
This takes entirely too much time.
Using o generator o “isolate” the

is selected first. Furthermore, the var-
ious ranges are sct up so that in pass-
ing from the “off” position to any
range, maximum protection is al-
forded the instrument. Accidental
connection of an unprotected milli-
ammeter (without a series resistor) to
a source of voltage always results in
serious damage to the instrument un-
less the user is extremely fortunate. If
an ohmmeter is so connected, the pos-
sibility of damage is less, because there
is at least some resistance in series
(the ohms adjuster and the current-
limiting resistor) . Connecting a volt-
meter to a source of voltage, even
though the range is too low, is not
necessarily ruinous to the meter. Un-
less the connection is maintained for
a considerable time, there is a good
chance that the coil will not be
burned out, although it is likely that
the pointer will be bent.

GENERATOR

trouble is a great deal quicker. “Iso-
lating” meuans determinifig  which
stage the trouble lies in.

Two methods of isolating trouble

There are two methods of isolating
troubles with the aid of a generator;
one is called signal tracing, the other
signal substitution. In the signal sub-
stitution method we inject into the
grid circuit ol a tube the kind of
signal that should be there il the stage
is working properly. If the signal is
heard in the speaker with normal
volume, this stage is functioning: it
not, there is trouble here. Thus with-
in minutes we are able to restrict our
search to one tube and the relatively
lew parts associated with it, as com-
pared to a search through the entire
set with all its parts and wibes.

In signal substitution we must be
carelul o [eed into a stage the exact
type ol signal that should be there
under normal operating conditions.
Thus, when checking the audio am-
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plifier stages, we feed into the grid an
audible signal, usually at 100 or 1,000
cycles, depending upon the generator,
And when checking the detector and
i, stages of most sets, we use a 155-
kilocycle modulated signal. A con-
verter is checked with an r.t. signal
having a frequency between 550 and
1600 kilocyeles.

The signal substitution procedure
can best be explained by a “block”
diagram ol a typical set. Let us take
for an eximple the 6-tube AC project
described in Chapter 2. In a block
dizgram, each block or square repre-
sents a stage, consisting of the tube
used in that stage together with all
the associated parts  (resistors,  con-
densers, coils, and so forth). Figure
7-11\ shows the 6-tube set in block
diagram form. .\ full block or square

ANTENNA

CONVERTER

350

6SA7

POWER
SUPPLY

(grid circuit) of the converter there
should be r.f. signals in the range be-
tween 530 and 1600 Kilocycles. At the
input ol the i.f. amplifier stage and at
the detector stage we can expect to
find a 435-kilocyele signal. At the in-
put of the first and second al. stages
there will be audio signals (30 10
15,000 cveles) .

A set becomes inoperative because
ol failure of one or more stages. It we
proceed from antenna toward  loud-
speaker, we will get a normal signal
at each stage until we come to the de-
tective onc.

Now look at Figure 7-14B. It is the
same block diagram as before, but the
power supply has been eliminated.
T'he small vertical arrows indicate the
test points and the signal to be used.
If asignal generator is used to supply

6VEGT

Fig. 7-11A. Block diagram of a six-tube receiver.

is used for each of the stages, with two
exceptions. The detector-first-audio
stage, which combines two functions
in one tube is represented by w di-
vided block, each half pertaining to
one of the two functions. The output
stage consists of two tubes and has
two blocks. The arrowed line con-
necting the stages shows the signal
path from antenna to speaker.,

If you examine the drawing, you
will see there is -« legend for each of
the stages that tells us the kind of
signal o be tound there under normal
operating  conditions. At the input

the right Kind of signal at each of the
test points, the result should be heard
in the speaker, if the stage under test
is working properly.

Checking the set

Suppose we start checking the non-
operative set by applying an audibie
signal to the input of the second audio
or output stage. If the signal is heard
in the speaker with normal volume,
we may conclude the trouble is not in
that stage. Now we have eliminated
two tubes and quite a few parts from
the search. On the other hand, if we
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hear no signal in the speaker, the
second a.f. stage is faulty and should
be checked thoroughly, The checking
includes testing tubes, measuring volt-
ages, and perhaps testing suspected
parts. The important thing is that
with this or some other method of
signal checking it is not necessay o
worry about six tubes and mavhe fifty
or more circuit  componcnts, The
search is quickly narrowed down 10
one stage, one tube, and probably no
more than cight or ten dillerent parts,

Remember—andio signals are used
for checking wd. stages only. When
checking the id. or the detector stage,
the eencenor snould be adjusted o
detiver o modutated signal at the op-
erating  lrequency ol - those  stages
(wsually 155 Kilocvelesy . At the an-
tenna, o modulated signal within the

V

MOD RF
$50-1600KC

*C0.F
453KC

CONVERTER | F AMPLIFIER
i

TEST EQUIPMEN'L

MOD IF

455KC 400 OR IQ00 CYCLES

]

OET
I

cycles, 1600 kilocveles. and 550 kilo
cycles. In the project to be described,
these three alignment frequencies are
available and are selected by a switch.

Referring to the diagram, Figure
7-15, you will sce that a 12BA6 tube
is used in the r.f. oscillator circuit.
The oscillator coil is the standard
single-winding, tapped coil of the kind
used in superheterodyne receivers.
The three preset frequencies are de-
termined by the tvimmer condensers,
C1, C2, and C3, shunted across the
coil. Each is adjusted to one of the
three  frequencies, and  the switch,
SW2, controls the selection. Thus we
act i choice ol 453 ke, 1600 ke, or
350 ke

The audio signal is generated by a
neon-lamp oscitlator circuit, and the
resulting signal is applied to the third

AF
400 OR 1000 CYCLES

o7 ouTPUT

1T
AF

ouTPUT

400 OR 1000 CYCLES

Fig. 7-11B. Block diagram showing signal substitution method.

tuning range of the receiver should
be applied and, of course, the set
should be tuned to that frequency.
Perhaps this discussion has given
you an idea of the requircments a
generator must mect. Iv must operate
from the power line, it must supply a
sufliciently strong signal for alignment
and for signal-substitution work, and
its output should be variable. While
most generators used for radio servic-
ing have a continuously variable fre-
quency range  (usually  from  about
100 kilocycles to about 20 megacycles),
the average constructor finds only
three frequencies essential: 455 kilo-

grid of the wibe. The modulated r.f.
signal is fed to the output terminals
and may be controlled by the at-
tenuator, R1. The heater of the tube
is operated [rom the power line; note
that the line dropping resistor, RY, is
in serics with the heater. DC voltages
for the tube and for the neon oscillator
circuit are applied by the selenium
rectifier, SR.

Remember that for best results the
generator must be enclosed in a metal
case and the front panel must be
metal. Otherwise, signal radiation may
be so great that the attenuator control
will be usceless. I desived, the neon
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Fig. 7-15. Schematic diagram of a signal generator.

lamp may be mounted in back of an
opening in the front panel so it also
serves as a means ot determining when
the equipment is turned on.

Parts list

Resistors

R1 Attenuator, 2K ohms, wire-
wound control with switch,
SW1

R2 75 ohms, l-watt carbon

R3 5K ohms, l-watt carbon

Rt 2 megohms, I/2-watt carbon

R5 1 megohm, I/2-watt carbon

Ro6 120K ohms, 1/2-watt carbon

R7 15 ohms, 1/2-watt carbon

R38 50K ohms, 1/2-watt carbon

RY 700 ohms, 10-watt wire-wound

Condensers

Cl 4-80 mmf{d., trimmer (1600 kc)

2 100-580 mmtd., trimmer (550
kc)

3 100-580 mmtd., trimmer (455
ke)

C4 250 mmid., mica (455-kc shunt
condenser)

ChH 100 mmfd., mica

Co L0005 mild., mica

C7 0005 mld., mica

C8 003 mid., mica

C9 20-20 wmtd., 150-volt electro-

lytic, tubular cartridge
C10  .001 mfd., mica
Cl1 L0005 mid., mica

Miscellaneous

Oscillator coil (L)

NE-48 1/4-watt neon lamp

2-contact bayonet candelabra socket
for neon lamp

Single-pole three-position rotary
switch, S\W2

Line cord and plug

100-milliampere selenium rectifier

Miniature 7-pin tube socket

Female microphone connector

Male microphone connector, panel-
mounting type

Microphone cable, 24-inch length

2 alligator clips

Metal case

Metal panel

Assembly and calibration

The best method of construction is
to mount all the parts, except the at-
tenuator control and the output jack,
on a sub-panel fastened to the main
panel with brackets. There should
be sufficient space between the two
panels to accommodate the oscillator
tube and socket. The three trimmer
condensers should be mounted on the
lower side of the sub-panel side by
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side. "Fhree holes wve then drilled in
the back ol the aise lor adjustiment
ol the immers without having w re-
move the senerator from its case.

T'o calibrate the generator vou will
need a superheterodyne receiver using,
a cd5-kilocvele  intermediate  Ire-
quency, ‘The veceiver must be in good
operating condition and in accurate
alignment. The 1Hh-kilocyele vimmer
is adjusted fivst. With the set and the
senerator turned on and warmed up
for ive minutes, connect the high side
ol the generator cable to the grid ol
the converter tube and the cable
shield to chassis. Using an insulated
sorewdriver inserted through the hole
in the back of the generator case, ad-
just the 455-ke trinmmer until the loud-
est signal is heard in the speaker. For

Most accurate adjustment, set the at
tenuator for a weak signal and as the
volume increases reset the attenuator
so the signal is barely audible.

Disconnect the gencerator lead {rom
the LI, tube grid and connect it to the
antennat terminal of the set. (Nofe:
Il the set uses a loop antenna, make
up a coil ol two or three turns of
wire and connect it to the generator
output leads. Place the coil close to
the receiver loop antennal) T'une the
receiver to 1600 kilecycles. Now ad-
just the 1600 ke trimmer for maxi-
mu signal as belore.

Without disturbing the generator
leads, retune the set to 550 kilocvcles.
Adjust the 550 ke trimmer for maxi-
mum signal as described above, This
completes the calibration ol the gen-
crator.

CONDENSER CHECKERS

T'he simplest condenser checker s
based upon the principle that an al-
ternating current will flow in a cir-
cuit containing a condenser. This cur-
rent will be proportional o the ca-
pacitince ol the condenser. Figure
7-16 shows the circuit of the checker.
T'he meter is an AC milliammeter (an
\C volumeter may also be used), and
the condenser under test is connected
in series with the meter and a source
ol AC power. The supply may be
taken directly from the AC line. Some
experimentation will be necessary o
determine the capacitance range ol
this device, With @ low-current meter,
very large condensers may give an ofl-

CONDENSER
UNDER TEST

l_

TOA.C.
SUPPLY
A.C MILLIAMMETER

Fig. 7-16. Circuit diagram of a simple
condenser checker

scale indication. Very  small - con-
densers used  with  a high-current
meter may give little or no indication.
Ordinarily, the average AC instru-
ment will have a limited range. Therc
are several methods of solving this dif-
ficulty. One is to connect a resistor
in series o limit the current, as shown
in Figure 7-17. Using a low-current
meter, it should he possible to meas-
ure values over a wide range by
changing the value ol the series re-
siIstor,

It is well known that any meter
having a non-tinear scale can be read
with greater accuracy il the indica-
tion talls within the middle third

CONDENSER
UNDER TEST
CURRENT

LIMITING

RESISTOR TOALC
A CMILLIAMMETER SUPPLY

Fig. 7-17. Extending range of the
condenser checker.
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CONDENSER
UNDER TEST

_l I MFD.

STANDARD CONDENSER
IMFD.

TOAC.
AC.MILLIAMMETER SUPPLY

Fig. 7-18. Alternative method of ex-
tending the range.

of the scale. By a non-linear scale we
mean one with non-uniform calibra-
tions; the calibrations at one end of
the scale are worth more than those
at the other end. You may take ad-
vantage of this fact by using the cir-
cuit of Figure 7-18.

Because of the range of this instru-
ment, indications for low-capacitance
condensers will fall at the end of the
scale where the divisions are crowded
and are difhcult to read with any de-
grec of accuracy. But you can connect
a condenser of known capacitance in
series with the meter and bring the
reading near the center of the scale.
Let us suppose that this “standard”
condenser has a value of 1 micro-
farad, and the one to be measured
a value of .1 microfarad. When the
condenser under test is connected in
parallel with the “standard” con-
denser, as shown in the sketch, there
will be an increase in the reading.
The increasc will be the same, in
microfarads, as it was Dbelore the
“standard” condenser was used but—
and this is important—it is now spread
over a greater scale length and is
much easier to read.

Reading an instrument of this type
is quite simple if the value of the
“standard” condenser is known with-
in reasonable limits. If, for instance,
the final reading (with the two in
parallel) is 1.1 microtarads and the
“standard” condenser has a value of
1 microlarad, you subtract 1 micro-

farad from 1.1 microfarad to get a
value of .1 microfarad.

There are other variations of the
condenser-checker circuits. For any of
them the utility of the instrument
will depend upon its calibration. The
obvious method of calibration is by
comparison. You will need a number
of “standard” condensers; they may
be ordinary condensers whose values
have been determined by measure-
ment on an instrument ol known ac-
curacy. Perhaps a friend who owns
a condenser-checker will measure a
set of condensers for you. The values
need not be precise, as long as they
are definitely known. For example, it
is unimportant whether a condenser
has a value of .005 or .0045; the most
important thing is to establish a set
of known values on the scale of the
meter. At least ten values should be
marked, covering the full range of
the instrument. Values between these
points may then be estimated.

Before leaving the subject of milli-
ammeter condenser-checkers, we
should emphasize one very important
precaution. Such instruments should
not be used for checking electrolytic
condensers. (It is true that in bridge
circuits alternating current is used,
but the amount of current is so small
that the condenser will not be dam-
aged.)

Measuring capacitance
The most accurate and generally

TOA.C
SUPPLY

C < »C2
STANDARD UNKNOWN
CONDENSER CONDENSER

Fig. 7-19. Bridge-type checker.
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satisfactory method of measuring ca-
pacitance is by means of a bridge cir-
cuit. One is illustrated in Figure 7-19.
Alternating current applied to the
bridge has two paths. Onc is through
the resistance arms, R1 and R2. The
second path is through the two con-
densers, Cl1 and CZ2. The bridge is
said to be balanced when the termi-
nals of the indicator, M, are at points
of equal potential; under this condi-
tion, the meter will read zcro. If the
ratio between the resistance arms is
known and if the value of CIl is
known, the value of the unknown
condenser can be calculated as fol-
lows: (2 equals CI1 times R1 divided
by R2. Suppose the values are: R,
10,000 ohins; R2, 5000 ohms; and Cl1,
1 microfarad. Then C2 is equal to |
times 10,000 divided by 5,000, or 2
microfarads. By changing the values
of R1 and R2 and the standard con-
denser, Cl, the range of the bridge
may be extended until almost any
condenser can be measured. The AC
may be supplied by an audio signal
generator or taken from the AC line.
The indicator may be an AC milli-
ammeter of the zcro-center type or
better yet a pair of headphones.
Minimum signal in the phones means
the bridge is balanced.

Another version ol the bridge meth-
od of measuring condensers is illus-
trated in Figure 7-20. In this case, the
two resistors have been combined into
one unit, the variable resistor, R. This
should be a good-quality wire-wound
control. To calibrate the bridge you
will necd several condensers ol known
capacitance. As an cexample of the
method used in calibration, assume
that you have a standard condenser
having a capacitance of .001 micro-
farad and an “unknown” condenser
of .002 microlarad. When the bridge
is balanced you find that the ratio
between the two resistance arms is
two to one. Of course you need not
measure this ratio, since the value ol
the “unknown” condenser is in reality

a known quantity. At this point on
the scale mark the value “.002”, This
indication will be correct as long as
the 001 standard condenser is used.
Next you remove the .002 “unknown”
condenser and substitute another one
with, say, a value of .005. The ratio
between the two arms of the variable
resistor is now five to one, and at that
point on the scale mark the value
“005”. By following this method
through a series of values, the bridge
can be calibrated throughout the de-

TOAC
SUPPLY

f UNKNOWN
CONDENSER
STANDARD
CONDENSER
Fig. 7-20. Bridge using potentiometer
for resistance arms.

sired range. Although the term “stand-
ard” condenser has been used here,
it should not be taken to mean one
that is of especially high quality or
one that has been painstakingly
measured for this purpose. For aver-
age usc the standard condenser may
be one whose value is known within
reasonable limits. For laboratory pur-
poses the tolerance would be held to
within one per cent or less. However,
remember that in construction and
servicing a deviation ol ten per cent
in the value ol resistors and con-
densers is permissible.

A more elaborate condenser-checker
can be built using the circuit of Fig-
ure 7-21. The bridge circuit consists
of the secondary winding of the trans-
former, T'I, the thrce standard con-
densers, C1, C2, and C3, the variable
wirc-wound resistor, R1, and the con-
denser under test, which is connected
to the tip jacks, JI and J2. Any volt-
age existing at the bridge terminals
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under an  unbalanced condition s
amplificd by the 6K6GT wbe and
apphied 10 the conuol clecuode ol
the 6AFGG clulmn-r:ly tube. Maxi-
mum opening ol the visual indicator
occurs when the bridge is balanced.
The wire-wound potentiometer is fit-
ted with o bar knob and scale, and
this ~cale is adibrated dirvectly in
microlanrads,

Parts list

Resistors

R 1K ohims, wire-wound
R2 75 ohms, l-watt

R 2K ohmys, Tawatt

R S omegohm, | 2-watt
RH 2K ohmy, 1 2-watt
R6 I megohm, 1 2awatt
R7 200K ohms, 1, 2-watt
RS I megohm, 1 2awvatt

Condensers

Cl 0002 mifd., mica

2 02 mild., 100-volt, paper tubue-
lar

3 2 mtd., 100-volt, paper tubular

(o 00025 mifd., mica

5 05 mid., 100-voly paper tubu-
bar

.6 20.20 mld., clecwrolytic, tubu-

e cartridge

RADIO AND HI-FI SETS

Transformers
1 Primary: 117 volwis:  heater;
6.5 volus, | amp.: secondary:

30 volts, 10 ma.

Miscellaneous

Chassis: 5 x 6 x 1-1.2 inches, steel or
aluminum

Pancl: 6-1 2 x 6-1 2 inches, steel or
aluminum

Cabinet: 6-1 2°x 6-1 2 < 6 inches
(outside  dimensions),  wood  or
metal

Selenium rectifier, 100 . output
(SR)

Single-pole single-throw rotary switch
(SW1)

Single-pole 3-position rotiry  switch
(SW2)

2 octal tube sockets.

Magic-eye mounting kit lor 6 \FGG

Large bar knob for R

Snutll bar knob for S\W2

Round knob for S\WI

2 insulated tip jacks

Line cord and plug

6-52 x 3 /8-inch r.h. machine screws

H-32 hexagon nuts

Zinch #5 r.h. wood serews lor pancl

(il wood cabinet is used)

B-inch #6 scll-threading screws for

panel (il metal cabinet is uscd)

Fig. 7-21. A more elaborate condenser checker.
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Fig. 7-22. Top view of chassis.

Rosin-core solder

Push-back wire
Tubes

6KO6GT, 6AF6G

Layout and assembly

It is assumed that the checker will
be built on a chassis measuring 5 by
6 inches, with a [ront panel 6-1/2 by
6-1/2 inches. It is desirable—and it
will be more convenient—to make the
front panel of steel or aluminum, al-
though 1/4inch plywood can be
used. Using plywood, all components
having ground connections should be
interconnected and the common wire
run to the chassis. A 6-1/2-by-6-1/2-
inch panel will require a cabinet
mcasuring about 6 by 6 inches inside,
allowing for a 1/4-inch thick cabinet
wall. If a metal cabinet is to be used,
the dimensions of the cabinet may
be slightly larger or the panel slight-
ly smaller. The best plan is to select
the cabinet first and then cut the
panel to fit it. For [astening the panel,
a metal cabinet should have at least
four lips to take the panel screws. H
the cabinet walls are thin, it will be
best to use sclf-threading screws for
fastening the panel. There is no rea-
son why the chassis, cabinet, and panel

cannot be ol other dimensions and
proportions to suit your convenience,
but the measurements given here re)-
resent  about the minimum space
needed for the convenient placement
ol parts. Some constructors may want
o use a cabinet having a sloping
{front; but make allowance for the
extra space needed.

Lay out the chassis as shown in Fig-
ure 7-22. The 6K6G'T tube socket, the
transformer, the selenium  rectifier,
and the mounting bracket for the
OAFOGT socket are mounted on the
top of the chassis. Place the trans-
former at the right rear corner. The
method of [astening will depend upon
the transformer used. T'he selenium
rectifier is located forward of the
translormer. You have a choice ol
locations for the 6K6GT socket: in
the drawing it is shown about an inch
and a halt from the lelt side ol the
chassis and an inch and a hall from
the rear edge. The GAF6G electron-
ray indicator tube is mounted in the
exact center of the chassis. Determine
its exact position in relation to the
front panel by trial; the socket should
be so arranged that, with the {ront
panel in place and the tube in the
socket, the front of the tube will be
almost in contact with the panel.
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Most magic-eye mounting kits have
provision for some forward adjust-
ment of the tube socket.

Figure 7-23 shows the front-panel
arrangenment. Notice that the opening
for the eye tube is at the center ol
the panel. The vertical position of
the hole will depend upon the height
ol the tube above the chassis.

Potentiometer R1is placed midway
in the panel. The center of the shaft
should be about an inch and a quar-
ter from the top edge of the panel:
this will allow space for a scale a
lttle more than two inches in diame-
ter. T'he length of the bar knob vou
intend to use must be taken into ac-
count here: choose the position ol
the potentiometer so the end of the

range switch, SW2, are located on a
center line about 3 d-inch from the
lower edge of the panel. This position
places the switches below the chassis,
and the lock nuts used for fastening
the switches can also serve 1o hold the
panel 1o the chassis. The line cord s
brought out through a hole in the rear
ol the cabinet.

Drill all the holes in the chassis and
pancl first. Use a 1-1 16-inch socket
punch for the GK6GT socket hole.
This size will do for punching the
eve-tube opening. oo, although  a
somewhat  Loger hole—abour 1-1/4-
inch—is desirable. When the drilling
and punching have been completed,
mount all the major parts on the
chinsis, Fasten the panel to the chassis
as desaribed above, or by use ol ma-

J

Swz

J2

(@)

swi

Fig. 7-23. Front panel.

knob does not overlap the op edge
of the panel or the edge of the eye-
tube opening.

Place the tip jacks as shown, one on
cach side of the eye-tube opening. 1
a metal panel s used, insulated tip
jiucks are necessary, but if plywood is
substituted  for the metal, ordinary
jacks may be used. The precise posi-
tion ol the jacks is unimportant, but
they should be placed symmetrically.

The on-ofl switch, SWI, and the

chine screws and nuts it vou prefer,
and mount the potentiometer and
jacks on it

Power transformer

You will need « special transtormer
with a 30-volt secondary for this proj-
cct. Such wransformers are available,
but may be difhcult to get in arcas
away from large cities. I vou have
trouble buying it, you can make one
from a very small receiver power trans-
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former in cood condition.

Rewinding a transformer

Most small power translormers have

primary, a high-voltage winding, a
t.5-volt heater winding, and a H-volt
winding for the rectifier. Usually the
])nm.u\ winding i~ inside. nearest the
iron core. the hilament windings on
the outside, and  the  high-voltage
winding in between. This arange
ment makes things casier, for yvou need
not remove the secondary to get at the
heater windings, In some wansformers
the d-volt and 6.5-volt windings will
be side by side. making one lTaver ol
winding. In others, one may be wound
on top ol the other. Either ‘the B.5-volt
or the d-volt winding may be outer-
most.

Before taking the vansformer apart
vou must determine the voltage ol
cach ol the windings, Most olten this

can be done by observing the coding
of the Teads, 1 he standad RMA (nl()r
codc ist prinury, black: high-voltage,
red: hish-voliage center tap, red and
vellow: l)..»-\nll. oreen: and d-volt, vel-
low. Franstormers taken {rom Philco
receivers nuny use a dilerent code:
primany, white: high-voltage, vellow:
high-voltaige center ap. vellow and
greens Gu-volt, black: and S-volt, blue.

I the wires are not color-coded or
do not contorm to cither ol the codes
siven, vou will have to determine the
voltages by measurement. First find
the primary. Locate the pairs of wires
by checking continuity  with an
ohnmmeter. Mcasure the resistances be-
tween the pairs. The heater windings
will show resistances of less than 1
olim, the primary will show about 20
ohms, and cach half of the high-volt-
age secondary about 100 ohms.

Keep all wires well separated and
connect the primary to an outlet.
Avoid touching the high-voltage wires.
With an AC voltmeter check the pairs
showing the lowest values of resistance
1o (lctumme which is the 6.3-volt
and which the 5-volt winding.
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To rebuild the tanstormer, first re-
move the core. Several Imlls run
through the core, and in the shiclded
variety ol transformer these bolts will
also hold the case together. Unserew
the nuts and withdraw the bolts from
the holes in the core. 1 the bolts are
tight, tap them with a block ol wood.
Do not use a hanuner as that is Hikely
to dinnage the threads.

When the bolts have been removed,
take out the core Luminations. '1'he
first few laminations are the hardest
to ect out. Examine the core and coil
carcfully 1o determine  whether  a
wedge has been used 10 hold the coil
tightlv 1o the core. "The wedge may
be made of fibre or, in some olde
tanslormers, ol thin woaod. The tech-
nique needed o remove the wedge
will depend upon circumstances, 1o is
sometimes possible o remove it by
pulling with a pair ol plicrs, In some
cases, it will have 1o be driven owm
with a thin tool, a picce ol thin metal
or the like. Be extremely carelul not
to damage the coil. When the wedge
is out, the hirst few laminations can he
removed by driving them out. Aler
four or hve have been taken out, the
balance will come out casily.

The outside of the coil \\111 have a
covering ol heavy paper or similar
insulating  material. Very  caretully
remove it by slitting it with a knile
and- peeling it off. This will expose
the outside windings. We shall as-
sume the winding to be removed (the
5-volt winding) is in the outecrmost
layer. Unwind the wire, counting the
exact number of turns you remove. [If
there seems to be a fraction of a turn
over an even number, include it in
the total.

The turns-per-volt ratio

Suppose the 5-volt winding just re-
moved had a total of 20 turns. By di-
viding the voltage into the number of
turns you will have the turns-per-volt
ratio of the transformer. In this case,
20 divided by 5 gives a turns-per-volt
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ratio ol L This ratio is maintained in
all the windings. The 117-volt pri-
nmary should have 468 warns, the 640
volt high-voltage winding 2560 wurns,
and the 6.3-volt heater winding 25.2
turns, The last case shows the im-
portance of including a fraction ol a
wrn in vour count. You now have
sufhicient information to plan o wind-.
ing for any desired voltage lor the
translormer under consideration,
Replace the d-volt winding with
one designed o deliver 30 volts. A
simple  caleulation shows  the new
winding must have 120 wrns of wire.
Don’t worry about the job ol crowding
120 turns ol wire into a rather hmited
space lormerly occupied by only 20

cire of the current requirements, and
in almost every case the 120 wurns will
fit into the allotted space. If therce are
two low-voltage windings side by side
and the space seems narrow, the wind-
ing can consist of two layers with a
laver ol waxed paper laid between
them.

Since #30 wire is rather [ragile for
use as i connecting wire, splice and
solder a G-inch length of larger wire
to the beginning ot the coil. Number
22 iy sufficiently heavy lor this pur-
posc. Be sure to remove all traces of
cnamel belore uying to solder, Now
take a 2-inch length of adhesive cel-
lulose tape and double it with the
sticky side out. Pass the Toop over the

By rebuilding a small power transformer, you
can have an eflicient, special transformer for
yvour condenser checker.

turns, You probably noticed the wind-
ing you removed was made ol quite
heavy wire—because the winding de-
livered  considerable current (olten
the current is 2 amperes or more) .
I'he new winding, on the other hand,
need deliver only a lew milliamperes
lthough in the parts list a conserva-
tive vating ol 10 milliamperes was
given, the drain ander ordinary con-
ditions will be only about 10 milli-
amperes) . Consequently,  the new
winding may be of much smaller wirce.
Number 50 enamelled wire will take

wire and anchor it in place by stick-
ing the tape to the coil. 'The heavier
lead wire should be anchored in place
o there is no danger of breaking the
thinner wire ol the winding. Now
start winding on turns over the tape.
Continue until 120 curns have been
completed, making sure the turns are
close and even. It vou allow tarns to
cross one another you may get an
uneven coil that will ke up 100
much space. Solder another length of
#22 wire to the end of the winding
and anchor with cellulose wape. Finish
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the job by covering the coil with at
least two layers of waxed paper: the
ordinary household variety will do.

I, when you uncover the coil, vou
find the winding to be removed iy
under the 6.3-volt heater winding, the
job is more complicated. You will
have to remove the 6.3-volt winding,
strip ofl the b-volt winding, wind the
new coil, and finadly veplace the 6.5-
volt winding. [t won’c be as difhicult
as it sounds, provided care is used. Be
sure to count the turns on all wind-
ings removed, as a double check, 1t
the 6.5-volt winding was on top
originally, don’t try to wind it on first,
tfor then you will change the diameter
of the winding and the number of
turns will not be correct. Should you
have to remove both  low-voltage
windings, it will be well to strip ofl
the high-voltage winding, too, since
it is not to be used. You need not un-
wind the hundreds ol turns of wire,
however: carcfully cut through the
wire with a knife or razor blade and
peel it off. With the high-voltage
winding removed, you will not have
to use as much care in rewinding as
vou will have space to sparc. It you
do not remove the high-voltage wind-
ing, clip the leads off close to the cil
coil.

Replacing the laminations
Replacing the liminations is the
next job. Most cransformers use E-
and Lshaped punchings; when two
ot these are placed facing cach other,
they form a hollow rectangle with o
cross-bar tn the center over which the
center of the coil fitse You can stack
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the core by reversing the position of
every other lamination, or you might
have found when you disasscmbled
the transtormer that the manufacturer
took a short cut that you can follow—
stacking three or four laminations
together and placing them in the
coils so they face in one direction with
the next stack of cexactly the same
number of laminations lacing the op-
posite way. If you have trouble fitting
all the laminations into the space pro-
vided, try compressing the core in a
vise. The vise, plus a clamp or two,
will also be useful 1o compress the
core when the wedge is inserted.
Replace the core bolts and the cover,
it onc is used. Replace the nuts and
tighten snugly.

I you hear a pronounced hum
when the transformer is connected to
the line, the coil is loose on the core
or the bolts are not tight enough.

The information above can be ap-
plied in rebuilding any Kind ol wrans-
former. For example, you might need
an especially heavy  oansformer for
use in an amplifier. As such items are
expensive, consider the possibility of
using a transformer taken from an old
radio set that used 2.5-volt tubes. You
will find it well worth while to take
the wansformer apart, remove the 2.5-
volt winding, and install & new one
designed for 6.3-volts.

When o considerable current s
necded, use wire large enough to carry
it safely without overheating. Current-
curying  capacities ol various  wire
sizes can be found in the wire tables
included in all clecwrician’s  hand-
books.

- VISUAL ALIGNMENT INDICATOR

Abthough all the instructions for ve-
ceiver alignment given in this book
are based on the aural method, many
experienced workers elaim the visual
method is more accurate because the
average car cannot detect very small

changes in sound intensity.

One widely-used visual alignment
indicator consists ol an AC voltmeter
connected across the speaker voice coil
or, in some cases, rom the plate of
the output tebe to chassis, I the latter
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connection is used, a condenser must
be connected in series with the meter
to block direct current. I this scheme
is used on a set with a push-pulLout-
put stage, the meter must be con-
nected from the plate and the series
condenser can be omitted,

An electron-ray-tube alignment in-
dicator is much less expensive than a
meter and just as accurate. The parts
necded for it are: a 6UNG tube: one
G-pin tube socket: a l-megohn, 12
watt carbon resistor: about 8 feet of
stranded  insulated wire; and 1 alli-
gator clips. The wires can be more
read v oadentified il diflerent colors
are u edi this means you will need 2
leet ol cach color. We suggest black
[ the chassis connection, yellow for
the 6.5-volt heater wire, red for B plus,
and green for the AVC connection.
You may flind it more convenient 1o
use once ol the magic-eye tuning-indi-
cator Kits that come complete with
socket, colored leads, and mounting
hardware.

Wire the unit as shown in Figure
7-21. Connect the green wire to socket
terminal 3, the vellow to terminal 1,
and the black wire to terminal 6.
Connect a jumper wire hetween ter-
minals 5 and 6. The T-megohm re-
sistor is then connected between ter-
minals 2 and 1. Connecet the red wire
to termir. 11 Solder an alligator clip
1o the free end of cach wire,

Aligni. & a set

Fhe unic may be used 1o align any
set that uses a power transformer; it
cannot be used on a set having a series
heater arrangement unless special pro-
visions are made for supplying the
heater of the indicator tube without
disturbing the heater circuit of the set.
Of course, a small heater vransformer
may be used for this purpose, but this
will increase the cost of the device.
\nother method is 10 operate the
heater of the indicator tube directly
from the power line with a suitable
dropping resistor in series. If this ar-
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rangement is used, omit the jumper
wire between pins 5 and 6 of the tube
socket and connect the heater wires
to the AC line instead of to the heater
supply of the set being aligned.

To align the average AC set, con-
nect the black wire to the chassis of
the set and-the yellow wire to the un-
grounded  terminal of the 6.3-volt
heater supply. Connect the red wire to
any convenient source of B voltage,
such as the screen ol an output tube
or the end of the filter choke or re-
sistor farthest from the rectifier tube.
The voltage should not exceed 500,

—
TOAVC
IMEG.
'/4WATT.
v
TO B+

TO CHASS.

Fig. 7-24. An electron-ray alignment
indicator.

Connect the green wire to the AVC
supply point. Locate this point by
tracing the circuit, starting at the grid
recurn (black wire) of the second if.
transformer. The wire may run direct-
ly to the high side ol the volume con-
trol or there may be a resistor (about
50,000 ohms) between the two. In any
case, at the high side of the volume
control there will be an AVC filter
resistor: its value will be from 1 to 2
megohms. The end of this resistor
that is away from the volume control
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is the AVC point. tube as soon as the generator signal
If the set is in working order, you is applied.” Make all adjustinents so
will probably note some narrowing as to obtain maximum closure of the

of the shadow angle in the indicator indicator (minimum shadow angle).
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Chapter 8

Battery-Type Receivers—
Portable, Short-Wave,

Automobile

ETS that operate from a battery

supply may be divided into two
categories: those taking hlament pow-
er and plate power {rom separate bat-
teries, and automobile receivers that
derive power from a single storage
battery. The two kinds differ material-
ly in circuitry and tubes employed.
Both are discussed in this chapter.

Dry-battery-operated  receivers  re-
quire special design [catures in order
to conserve battery power, which, in-
cidentally, is expensive when com-
pared to power taken from AC or DC
supply lines. In the portable type ot
battery-opcrated receiver, two other
factors must be taken into considera-
tion—physical size and weight. The
three requirements are met by using
tubes with low filament and plate
power consumption, by using the
minimum number of tubes, and by
using small components. This brings
up a point that is too often neglected
by purchasers and builders of portable
sets. The batterics used in many of
these sets—especially sets of the “per-
sonal” variety—are quite small. Al-

though this does effectively reduce the
size and weight of the set, it is far
from economical, for doubling the
physical size of a battery will usually
more than double its life. It is hardly
necessary to add that in all portable
sets the use of miniature tubes is a
“must.”’

When we consider automobile re-
ceivers, we find that the problem is
somewhat different. There is no long-
er a need to be extremely frugal in the
use of battery power, since today’s
automobiles are provided with heavier
batteries and a charging system [ully
capable of handling the heavy drain
ol starter, ignition, horn, lights, heat-
er, radio, and a muliitude ol other
devices. The current requirements ol
the set should, however, be sufliciently
moderate that operation over an ex-
tended period is possible without run-
ning the engine or discharging the
battery too much.

In this chapter we take up the con-
struction of a portable battery set,
a short-wave battery set, and an auto-
mobile receiver.

BATTERY-OPERATED PORTABLE RECEIVER

This set is designed [or operation
from a l.4-volt A battery and a 67.5-
volt I3 battery. T'he batteries may be

as large or as small as you wish, al-
though we suggest you give due con-
sideration to the matter ol economy.
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Smadl, light hatteries will allow the
set o performd as well as  larger,
heavier ones but will be less econom-
ical. "The question vou must answer
for yvoursell is whether extreme light-
ness warrants the increase in the cost
ol operation.

The approximate dimensions of a
carrving  cse suitable for this set
might be about 8 inches long, 7 inches
high, and 5 inches deep, which allows
space for batteries of medium size.
The chassis rests on a shelf so located
that the highest point on the chassis
clears the inside of the case. Sufficient
space remains under the shell for the
installation of batteries.

Examination of Figure 8-2, the
chassis top view, shows that the wbes
and parts are by no means crowded,
In lact, if you care 10 do so, the spac-
ing between components can be re-
duced and a smaller chassis  used.
Remember, however, that placing the
parts closer together will increase the
difhiculty of lavout, assembly, and wir-
ing to some degree.

Cireuit deseription

See Figure 8-1 for the complete cir-
cuit diagram.

This is a four-tube superheterodvne
using miniature tubes requiring fila-
ment vohage of L Except for the
filiment and power supply circuits, it
bears some resemblance to the five-
tube AC DO superheterodyne set de-
scribed in Chapter 2. As no rectifier
is needed, the tube complement is
reduced to four,

Fhe set operates from a loop an-
tenma mounted on the back of the
chinssis, The converter circuit uses a
IRS wube and is almost identical with
the circuit found in the five-tube
supcrheterodsne except for the tube
iself. Note that a two-winding oscil-
lator coil is used, with coupling be-
tween coil and oscillator grid pro-
vided by a “gimmick,” or dead-ended
trn ol wire, The oscillator grid re-
sistor is 100,000 ohms, higher than the
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average value in AC/DC receivers.

After frequency conversion, signals
are applied to the input grid (pin 6)
of the 'l intermediate-frequency
amplifier tube. Note the use in this
stage of the screen dropping resistor,
R 10, and the screen bypass condenser,
8.

Amplified signals are fed to the
second LI transformer, 1F 172, and ap-
pear.at the diode plate of the 185 de-
rector-fust-audio-AVC tube. The audio
component of the signal appears across
the volume conurol, R7, and the de-
sired portion of the signal is passed
on o the pentode section of the tube.
At the same time, AVC voluage de-
veloped in this portion of the circuit
is applied to the grids of the 1R5 and
I'T'l tubes. The AVC filter circuit
consists of the resistor RY and con-
denser C:10.

You may note a diftference between
the detecror-first-audio tube used in
this set and those ordinarily used in
AC and AC/DC sets. In most uni-
versal sets the detector-first-audio tube
is a combination of double diode and
high-gain wiode or, in some instances,
a medinm gain wiode, The 185, how-
ever, contains o single diode plate
and a pentode unit.

The input circuit ol the pentode
section includes  the coupling  con-
denser, C7, and the 10-megohm re-
sistor, R6. In the screen circuit we
find the screen resistor, RH, and the
bypass condenser, C4.

Observe that the plate circuit of the
155 is more complicated than usual.
In addition to the plate resistor, R3,
there is a filter, consisting of R and
ChH. Also note the use of the 10-micro-
tarad electrolytic condenser, connect-
ed to the junction of R4 and R5.

T'he output circuit uses a 184 pow-
er pentode and is a standard type of
circuit except for resistor R2, con-
nected between the grid resistor, R1,
and chassis,

When the heater circuit is consid-
cred, remember that, unlike tubes
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Fig. 8-1. Schematic diagram of a portable receiver.

ATTAV.LYOd

CTAVMAM-ILMNOHS

NV

OLAV

SOITAav

50t



206 BUILD YOUR OWN

wsed in other sets, battery tubes have
no separate  cathode. The filament
serves both as a source ol heat and a
source of electrons, “This construction
vesults ina diflerence in the method
ol obtiining grid bias. The usual
cuthode bias cannot be used because
there is no separate cathode. The
problem is solved in the output tube
circuit by using R2, which is con-
nected between Bominus and chassis.,
Cuwrrent flowing  downward through
R2 develops aslight negative bias lor
the gridd of the tube. The pentode
section of the 18D first-audio wtube s,
ol course, coatact-biased by the 10-
mecohm resistor.,

T he Glaments of all tubes are wired
in parallel: one end of ¢ach is con-
nected to A plus and the other end
1o chassis. In cach case the #1 pin s
srounded, which is necessary because
the suppressor grid is connected to
that pin inside the wbe. I the con-
nections were 1o be reversed and the
#7 pin grounded 1o chassis, the sup-
pressor erid would then be connected
to A plus and would be slightly posi-
tive compared to chassis. "Fhis is an
undesirable condition and would ma-
tevially affect the operation of the set.

‘The filaments ol all battery tubes
are Dragile. Most heater-cathode tubes
will withstand o heater voltage that
isx much higher than normal lor short
periods without serious damage. but
this does not apply 1o hattery tubes,
Filament voltages higher than normal
usually cause instantancous burnout.
T'his can easily happen il a short cir-
cuit occurs or i wrong  connection
applies the DB-battery voltage 10 the
fikinent.

The relatively Iragile fitaments ol
battery wubes are also more likely 10
be broken by rough weatment than
are the heaters of the more rugged
heater-cathode wubes.

Parts list
Resistors

R 30 megohms, |/2-wvatt
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R2 820 olims, T-watt

RY I megohm, 1 2avatt

Rl 220K ohis, 1 2awatt

R5 L7 megohms, 1 2-watt

R6 10 megohms, 1 2avatt

R7 2 megohms, midget volume-

control  with two S.PS.T.
switches, SWIT and S\W2

RS HOK ohims, 1 2-watt

RY 3.5 megohms, 1 2awvate

RI10 17K ohms, 1 2-watt

RI1I 100K ohms, 1 2awatt

Condensers

1 005 mld., 100-volt mica

2 002 antd., 100-volt paper tub-
ular

(O] S0 mmid., 100-volt mica

(@81 02 mifd, d00-volc paper tub-
ular

CH A omild., 100-volt paper tubular

6 10 mid., 150-volt electrolytic,
tubular carwidge

7 L02 mild., 200-volt paper tub-
ular

(@t 02 mild,, 100-volt paper tub-
ular

Y 100Ommltd., 100-volt mica

G100 05 mid, 200-volt paper tub-
ular

ClHE o Tuning condenser, 2-gane: an-

tenna section 4200 mmfd,,

oscillator section 163 mmifd.

(with C11)

Cl12  "I'rinmmer condenser, part ol
tuning condenser
13 I'rimmer  condenser, part ol

tuning condenser
i (with CI1)

Transformers

T1T Output  transformer,  5,000-0lhin
primary, 3.5-0hm secondary

L 455-kilocvele midget il wans-
tormer,  Stanwyck  ST-1107-5  or
cquivalent

P12 155-Kilocyele midget 1. trans-
lormer,  Stanwyck  ST-1107-S  or
cquivilent

Speaker

-inch PM dynamic, 3.5-ohm voice-
coil impedance
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Coils
L1 Loop antenna
L2 Oscillator coil, Mecissner type 14
1040 or equivalent

Miscellaneous

Chassis: 5 x 8 x 1 inches, steel or
aluminum

2 spacers for loop antenna, 3/14 x 1/2
inch, wood

2 34-inch #6 self-threading screws for
loop

4 miniature 7-pin tube sockets

8 4-36 x 3/8-inch r.h. machine screws

8 1-36 hexagon nuts

4-point tic strip

3 3-point tie strips

gether. The general  wrrangement
should nevertheless remain close to
the diagram.

Begin the layout by drawing a cen-
ter line 1-3/16 inches from the rear
edge of the chassis. The 1R5, I'TH,
and 155 tube sockets and the two i.i.
transformers are to be placed along
this line. Measure along the center
line a distance of one inch from the
right side of the chassis and make a
center-punch mark at this point: this
is the center of the 1R) socket. 'The
center of the first i.f. transformer may
be located next, at a distance of 1-3 /8
inches 1o the left of the 1R) socket.
Layout of the other i, transtormer

I l LLOOP ANTENNA

VOLUME
CONTROL

o o E o
-

VAR,
COND.

1

Fig. 8-2. Top view of portable receiver chassis.

6-32 x 8/8-inch r.h. machine screws
6-32 hexagon nuts

Tubes
IRH, 1T, 185, 1S

Layout and assembly

See Figure 8-2 for a top view ol the
chassis.

All instructions for layout and as-
sembly are based upon the use of a
chassis measuring 5 by 8 inches, but,
as mentioned earlier, it is possible to
reduce the size of the chassis by plac-
ing some of the components closer to-

and the I'T't and 155 sockets is then a
matter of scaling off 1-3/8 inch dis-
tances along the center line. When the
centers of the three sockets have been
marked, lay out two mounting holes
for each. Place a socket face down on
the chassis so the center of the socket
coincides with the punch mark, then
mark the two screw holes with a pen-
cil. The positions and sizes of the
mounting holes for the i.f. transform-
ers will depend upon the construction
of the transformers. One with four
wire leads will usually require two
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holes Tor spide bolts. Others may use
a clip mounting.

The variable condenser is located
at the right [ront corner of the chassis.
Again the construction ol “the indi-
vidual part will determine the method
ol mounting and the positions ol the
screw holes. "The average condenser
requires three or lour 8-52 screws {or
mounting. T'he simplest method of
nmarking the positions ol the holes s
10 prepare a paper template the same
size s the bottom ol the condenser
lrame. Place the paper on the lrame
and press down to mark the outlines
ol the holes on it Lay the paper tem-
plate on the chassis in the exact Posi-
tion the condenser will occupy and
center-punch the locations  through
the paper.

I'he S-inch speaker is mounted at
the center ol the chassis. Smiall speak-
ers are satisfactorily: mounted  with
two or more 6-32 screws through the
speaker flange and the front chassis
apron. Il the flange has no screw
holes, they may be drilled with @ #25
drill, being very carelul not to dam-
age the cone. Proteet the cone during
comstruction by covering it with a

174
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ers and output transformers, the use
ol templates, and other pertinent in-
formation are included in Chapters
I and 2.

The 151 output-tube socket is lo-
cated 2-1/8 inches from the lelt side
ol the chassis and 1-3°8 inches {rom
the front. Alter marking the location
ol the center, lay out the screw holes
as deseribed above.

T'he volume conurol s located on
the chussis tront apron and its center
is 12 inch from the top ol the chassis.
I'he position ol the variable-con-
denser shaft will determine the dis-
tance [rom the left end ol the chassis
to the center ol the control shalt, if a
symmetnrical arrangement is desired.
IT you care to go-a step further toward
svimmetry in the arrangement ol con-
trols, you may mount the volume con-
trol above the chassis on an L-shaped
bracket. The bracket is lastened to
the chassis with two machine screws
and nuts: its upright portion has a
hole o accommodate the control-
shaft bushing. "T'he vertical distance
from the center ol the shalt o the
chassis should be the same as lor the
tuning condenser.

155

Fig. 8-3. Bottom view of tube sockets.

piece ol heavy cardboard. Mount the
output wanslormer  on top ol the
speaker magnet Irame, as shown in
Figure 8-2, with a metal strap that
passes under the top ol the magnet
frame. The strap has two  holes
spaced to align with the holes in the
vansformer mounting tabs. Two 6-32
screws and nuts hold the strap and
transformer together. Drawings illus-
trating methods of mounting speik-

Drill the screw holes [or the tube
sockets with w #31 drili; use a #25
drill tor all other holes except those
lor the loop-antenna screws and the
variable condenser. The latter will
uswatlly require 8-52 screws, for which
the correct clearance drill is #16. 1f
#06 scll-threading screws are used for
fastening the loop antenna in place,
drill with a #£37 drill. Enter the point
ol the screw in the hole, then force



PORTABLE, SHORT-\W\VE,

it in with 2 socket wrench o cut a
thread in the chassis metal. Enlarge
the hole for the volume-control-shaft
bushing w 35 8 inch with a drill or
rcamer. Punch out the holes Tor the
socket with a5 R-inch sheet-metal
punch, first enlarging the center hole
o 1 16-inch Targer than the cap-
screw diameter.,

Fasten all parts in place as shown
in the sketeh, For convenience in
wiring, sce that all sockets face in the
same divection. Unless vou decide 1o
use o chassis smaller than specified,
support some of the resistors and con-
densers on tie st ips. particularly those
that do not have one end grounded.
Place a0 S-point strip close 1o the 154
tube socket for R1 and R2: a T-point
strip near the 185 socket for R, R,
and CH: a0 S-point strip near the 185
socket for RY and C10: and another
J-point strip ncar the i, amplifier
socket to support C8 and R10. When
these parts are in plice you are ready
to start wiring,.

Wiring
Refer to Figure 8-3 for. the tibe-
socket terminal arrangement.

ay Heater Civenil. See Figure 8-1.

For a ncat and durable job use
stranded insulated wire in four colors
between the set and the batteries.
Green is suitable for the A-minus lead,
vellow for A plus, black for B minus,
and red Tor B plus.

Connect the #7 pins ol all tube
sockets together. "T'o the #7 pift of one
of the sockets in the row near the
rear of the chassis, connect a piece of
the vellow wire long enough to reach
from the chassis to the battery com-
partment. It most cases the battery
wires need he no more than a foot
or so in Jlength. The wires mav leave
the set through small holes drilled
in the rear apron of the chassis, or
you may use a single larger hole fitted
with a rubber grommet. Do not neg-
lect 10 anchor cach wire so that a

AND AUTO RADIOS 209
strain placed on it will not damage a
socket or other part. Connect all the
#1 socket terminals to chassis: ground
cach individually or use a single wire
looped from socket o socket, as you
choose.

On the rear of the volume control
vou will find four switch terminals.
There are two sepurate single-pole
single-throw switches operating from
a single caom. One pair of terminals
helongs o one switch, the second pair

IRS IT4 IS8 154
) T 1+
A BATTERY
-4 vouts T
SWI

-

Fig. 8-4. Filament circuit.

to the other. One of the switches
closes the A-battery circuit, the other
is wsed for the B battery. If the termi-
nals are unmarked, you will have to
fimd the pairs. This can be done by
checking with an ohmmeter while
vou wirn the conwrol shaft to open
and close the switches. When you
have located the pairs, mark them .4
and B.

Comncect one of the A switch (S\W1)
terminals to chassis. T'he green bat-
tery wire runs {rom the other switch
terminal to the negative terminal of
the A Dbattery. Cut the "wirc long
enough 1o reach from the set to the
battery compartment and be sure to
anchor it as mentioned above.

The filament circuit can be tested
in the usual way by noting whether
the tubes light. Since the filaments
of battery-operated tubes do not glow
very brightly, you will probably have
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to make the test in a partially dark-
ened room. Connect the green wire
to the negative terminal of the 1.3-
volt A battery and the yellow wire to
the positive terminal. If you have not
purchased the regular batteries for
the set, an ordinary dry cell (a large-
size flashlight cell will do) may be
used for the test. Insert the tubes in
their sockets, turn the switch on, and
look for the glow of the filaments.
Since this is difficult to see, you may
want to make a more conclusive test.
With the set turned on, measure the
voltage from cach of the #7 socket
terminals to chassis with a DC volt-
meter with a 5H-volt range. Then re-
move each tube from its socket and
check flament continuity with an
ohmmeter. 1f each #7 filament termi-
nal shows a |.4-volt reading to chassis
and if all the tube filaments are in-
tact, the filament circuit is in operat-
ing condition.

1Y B Supply Civeuit, See Figure 8-5.

Connect one end of R2 to chassis.
The black battery wire is now con-
nected to the opposite end of R2 and
brought out through the chassis. Cut
the wire long cnough to reach to the
battery compartment in the lower
part of the case. Connect the red bat-
tery wire to one terminal of the B
switch (SW2) on the back of the
volume control and bring it out
through the rcar of the chassis. Cut
it to approximately the same length
as the other battery wires. The rc-
maining switch terminal will be used
later on as a junction point for all
ol the plite and screen supply wires.

TO Ri (SEE OUTPUT

CIRCUIT)
R2
8200 Swa
UL o
B SUPPLY

FOR ALL TUBES

Fig. 8-5. B. supply circuit.
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TO R2 AND B+ TO B SUPPLY

Fig. 8-6. Output circuit.

The junction of R2 and the black
B-battery wire will also have an addi-
tional connection (to R1) made later.

c) Output Circuit. Sec Figure 8-6.

Connect  the output-transformer
secondary wires to the voice-coil
terminals of the speaker. The blue
wire of the output transtormer is now
connected to the plate (either pin 2
or pin 6 may be used) of the tubc
socket, but before soldering the con-
nection add one wire of C1. The other
wire of C:1 is now grounded to chassis.
Wire pin 4 (the screen) of the tube
socket to B plus, which is the free
terminal ol S\W2 on the volume con-
trol. Bring the red wire from the ‘out-
put transformer to the same point on
SW2. Connect one end of resistor Ri
to pin 3 of the tbe socket. The other
end of R1 is connected to B minus,
not to chassis. The B-minus point is
the junction of R2 and the black B-
battery wire. Condenser C2 is now
connected to the grid terminal of the
socket, put the remaining end ot C2
is not connected until the first audio
circuit is wired. 'The suppressor grid
ol the tube is not shown in the draw-
ing as no connection need be made
to it; it is already connected o one
terminal ol the filament, inside the
tube.

A resistance test of the output cir-
cuit can now he made. When making
such a check on any of the stages in
this set, it 1s advisable to disconnect
the batteries. Normal resistance read-
ings are as follows:
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Fig. 8-7. First audio ¢ircuit.
I'vom To Olins
pin 3 chassis 5.3 megolms
yin chassis — over 100K
I
pin 2 (or 6) chassis  over 100K
pin | B plus 0

pin 2 (or 6) B plus 200

With the batteries connected to the
set and the wibe in its socket, a volt-
age check should be made. Normal
readings are:

I'rom To DC Volts
pin 4 chassis b
pin 2 (or 6) chassis 50

When muaking a voluge test on
any battery-operated receiver, remems-
ber that the acutial voltage readings
depend upon the age and condition
ol the bhatteries.

d)y Fivst Audio Civcuit. Sec Figure
8-7.

Mount R3, RI, and Rb on te
strips and connect them in series,
with Rt between RS and Rj5. Con-
nect the Iree end ol RS o the plate
terminal ol the wube socket (pin J)
but belore soldering the connection
add one terminal of C3. Ground the
other end ol €8 to chassis.

From the junction ol RY and R,
connect G5 1o chassis with the outside
foil ol the condenser toward the ¢has-
six. The junction ol R+ and R5 may
now be wired to B plus, located on
SW20 Conneet the positive terminal
ol C6 to the junction point ol R4 and
R5. Connect the negative terminal of
this condenser to chassis. Now wire

the frce terminal ol R5 1o the screen
terminal of the tbe socket (pin 4);
do not solder the connection until
vou have added one terminal of (i,
the screen bypass condenser. The re-
maining terminal of C+ may now be
srounded. Connect one end of R6
and one end of €7 wo the grid ol the
tube socket  (terminal 6). The [ree
end of R6 s connected to chassis but
the Irec end ol C7 remains uncon-
nected untl the detector circuit s
wired.

The normal resistance values for
this circuit are:
I'rom To Olins

pin 6 chassis 10 megohm

pin 4 chassis over 4 megohm
pin chitssis over 1.5 megohm
pin 4 B plus . 4.7 megohm

pin 5 B plus 1.2 megohm

Make a voltage test and compare
the readings l‘l'\Cll with the normal
values, given below:

I'rom To DC Volts
pin 6 chassis 0

pin 4 chassis approx. 20
pin b chassis approx. 50

Make an operation test by touch-
ing the lree end of 7 or the arid
lcnmnnl ol the tube socket with the
fimger or with the tip of a screw-
driver blade: a fairly loud hum or
buzs should be heard.

ey Detector Cireuit. See Figure 8-8.
OF all the wabe electrodes, only the
diode plate is shown in lhe illustra-
tion. T'he others were cither wired as

SECONDARY
OF IFT2

Rg 3 FELD C9 100MMFD,
AVC
TOIF n
AND Clo 2MEG TOC?
MIXER VoL (SEE IsT &F
CIRCUITS 4D conta CIRCUIT)

‘ig. 8-8. Detector circuit.
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part of the previous circuit or are
conmected inside of the tube.

Start  wiring by connecting  the
green wire ol “the second LL trans
[ormer to the diode plate, pin 3 ol
the tube socket. Now connect the
black i.l. transtormer wire to one
end of R&. RS should be supp()ru’(l
by a tie strip. The remaining end ol
RS is connected to the high side of
the volume control. \s vou face the
shalt end of the conwrol with the
terminal lugs pointing downward, the
high terminal is larthest to the right.
The opposite terminal ol the con-
trol (the lug at the extreme left) is
connected to chassis. From the junc
ton of R7 and R8, connect €Y to
chassis. To the sumne junction point
connect one end of RY, the AVC fil-
ter resistor. From the tree end of R9,
connect G10 o chassis: make sure the
chassis connection is the outside foil
of the condenser.

Incidentally, the junction of three

PRIMARY
SECONDARY OF IFT2
QOF IFTy
RED
TO AvC ‘LTO g
(SEE DETECTOR CIRCUIT) SuPPLY

Fig. 8-9. I. F. amplifier circuit.

resistors and a condenser in this cir-
cuit olfers an excellent argument for
the use of tie strips to support small
parts. It is obvious that without such
support the wiring ol this part ot the
circuit would be rather messy.

The free end of condenser C7 (left
unconnected when the first audio cir-
cuit was wired) may now be connect-
ed to the movable contact of the vol-
ume control. This is the center of the
three terminals. The junction of R9
and G10 is the AVC supply point for
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the i.f. amplifier and mixer circuits;
these connections will be made later.
The wiring ol the detector is now
complete.

H you wish to make a resistance
check of the stage, use a high-range
ohmmeter, measuring  between the
points listed and comparing your
readings with the normal values:

From To Ohms
pin 3 chassis approx.
2 megohm
pin 3 junction of 50K
R7, R8,
RY, CY
pin 3 AVC point  approx.

¢

3.8 megohm

As no DC voltage is applied to the
diode plate, a voltage check cannot
be made and an operation test 15 1m-
practicable without a signal gener-
ator. If you have a generator, connect
the output cable to the red and the
bilue wires ol the second iLf. trans-
former. Adjust the generator to de-
liver a 455-kilocycle modulated sig-
nal. When you hear a signal, turn the
generator  output control down so
that the signal is barely audible. It
you do not hear a signal immediately,
turn the generator tuning control
back ahd forth slowly until it is heard.
The signal should be audible but in
most cases will be rather weak.

Ny LEF. Amplifier Circuit. See Fig-
urce 8-9.

The suppressor grid and the fila-
ment have been omitted from the dia-
gram for the sake ol clarity and in ac-
cordance with the practice adopted
on other circuits.

Connect the plate (blue) wire ol
the second i.l. transformer to the plate
terminal of the tube socket. Then con-
nect the red transformer wire to B
plus on the B switch, S\W2. Next, one
end of R10 may be connected to the
screen terminal of the tube socket,
but remember to add one wire of C8
to this point before soldering. The
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OETECTOR CIRCUIM) TO 8 SUPPLY

‘ig. 8-10. Mixer circuit.

other end of C8 is connected to chias-
sis. The lower end of R10 and the
red (B plus) wire of the id. trans-
former are now connected to B plus
(sec B-supply diagrim, Figure 8-5).

Connect the green wire of the first
i.l. transformer o the grid terminal
ol the tube socket. Complete the wir-
ing by connecting the black, or grid
return, wire ol the i.f. vansformer o
the AVC point, located at the june-
tion point ol resistor RY and con-
denser C10° (see detector circuit, Fig-
e 8-8).

Normal resistance readings for the
LI amplifier circuit, as well as the
test points to be used ave listed be-
low:

Irom To Olims
pin 2 chissis over 100K
pin 2 B plus approx. H)

pin 3 chassis over 11HK

pin 3 B plus 15K

pin 6 chassis 5.5 megohm
pin 6 AVC approx. 50

Make a voltage test in the usual
way, measuring from the wabe socket
terminals to chassis. Expect to get the
following readings:

I'rom To DC olts
pin 2 chassis approx. 50
pin 3 chassis approx. 55

If vou have a signal generator and
wish o make an operation test, pro-
ceed as follows: Connect the generator
cable to the plate and B-plus wires
(or terminals) of the first i.f. trans
former. Adjust the generator to de-
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liver a 155-kilocycle modulated signal.
\dvance the generator output control
to the full on position. If vou do not
hear the signal at once, warn the gen-
crator tuning dial slightly o either
side of the 455-kilocyele position.

g) Mixer Circuitl. See Figure 8-10.

The only wbe clectrodes in this
diagram arc the signal input grid and
the plate. All others have been con-
nected in previous wiring operations
or are conncected inside the tube.

Connect one wire ol the loop an-
tennat to the stator terminal of the
wning condenser. The larger section
of the condenser is the one used lor
this circuit; the smaller section be-
longs to the oscillator circuit. For in-
lormation on identifying the loop-
antenna wires, vefer to Figures 2-17.\
and 2-17B in Chapter 2. With the loop
antenna connected to the tuning con-
denser, run another wire [rom the
stator of the condenser to the erid
terminal of the tube socket (pin 6).
Each of the two condenser sections
will, in all probability, have two
stator terminal lugs, one on eich
side of the stator plates. Either one
may be used for connecting both
wires, or one wire may be connected
to one lug and the remaining wire
1o the lug on the opposite side ol the
stator. Convenience in wiring will in-
dicate the proper procedure. The
chassis connection shown in the dia-
gram need not be made, as the frame
of the condenser is mounted on the

Ry
100K

TO 8 SUPPLY

Fig. 8-11. Oscillator circuit.
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chassis. And the connections to the
trimmer condenser have also been
made, as the trimmer is a part ot the
tuning condenser. The grid portion
ol this circuit is completed by con-
necting the remaining loop-antenna
wire to AVC. If your loop antenna
has a primary winding intended for
use with an external antenna, con-
nect one ot the primary wires to chas-
sis through a .0l condenser.

To complete the mixer circuit wir-
ing, connect the plate wire or termi-
nal of the first i.f. transformer to the
plate terminal of the tube socket and
the B-plus wire to the B-plus termi-
nal, located on S\W2,

You ay expect to get the follow-
ing resistance readings when you
check this stage:

From To Ohms

pin 6 chassis 5.3 megohm
pin 6 AVC approx. |
pin 2 chassis over 100K
pin 2 B plus approx. 50

Normal DC voltage readings arve:

From To DC Volts
pin 2 chassis approx. 55

Iy Oscillator Circuit. See Figure
8-11.

Only the screen and the oscillator
grid electrodes are shown in the dia-
gram. Connect the “gimmick” termi-
nal ol the oscillator coil to the oscil-
lator grid (pin 4). To identify the
oscillator-coil terminals, refer to the
instruction sheet that came with the
coil: there is considerable variation
in the terminal arrangements used by
different manufacturers. It you do not
have a coil diagram or instruction
sheet, the correct terminal may be lo-
cated by checking continuity with an
ohmmeter. The terminal showing no
reading to any of the other lugs is the
“gimmick” terminal. From the oscil-
lator-grid terminal, connect R11 to
chassis.

Now connect one end of the oscil-
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lator-coil plate winding to the screen
terminal ol the tube socket (pin 3).
The other end of the plate winding
is connected to B plus.

In wiring the oscillator secondary,
it is only necessary to run a wire from
the stator terminal of the tuning con-
denser (the smaller of the two sec-
tions is used here) to one terminal
of the coil secondary and to ground
the remaining terminal to chassis. No
wire connections to the tuning con-
denser rotor or the trimmer con-
denser are needed.

Compare the resistance readings
you get with the normal values listed
here:

From To Ohms
pin 3 chassis over 100K
pin 3 chassis approx. 2
pin B plus 100K

Voltage and operation tests cannot
be made on this stage with the instru-
ments the average constructor is likely
to have.

Alignment

1) Conmnect the inner wire of the
signal-generator cable to pin 6 of the
converter-tube socket, with a .001 con-
denser in series. The cable shield is
connected to chassis. Adjust the gen-
erator to deliver a 155-kilocycle modu-
lated signal. The receiver volume
control should be turned full on and
allowed to remain in that position
during the entire alignment process.
Adjust the generator output control
so that the signal is barely audible.
Adjust the i.f. trimmer condensers to
give maximum output. As each ad-
justment increases the volume, read-
just the generator output control to
maintain the signal at a low level.
Do not reduce output by operating
the receiver volume control.

2) Disconnect the signal-generator
cable from the set. If the loop anten-
na has a primary winding, connect
the gencrator leads to the ends of
that winding. 1f there is no primary,



PORTABLLE, SIHTOR'T -\W

make up a coil of three turns ol wire:
the coil should be about as Lirge as
the loop. Connect the ends ol this
coil to the generator leads and place
the coil close to the loop antenna,
3) Adjust the generator to deliver
a 1620-kilocycle  modulated  signal.
Tune the receiver to the same lre-
quency as the generator. Now adjust
the oscillator trimmer condenser to-
give maximum output. H the signal
beécomes o loud during the adjust

BATTERY-OPERATED

I'his three-tube  battery-operated
short-wave receiver consists of an r.l.
amplifier, regenerative detector, and
output stage. 1t is intended primavily
for use on the 10-, 20-, 10-, and 80-
meter amatcur bands, although with
additional coils the set can be made
o tune over a range extending from
about 30 megacycles to I megacycles.

Referring to the complete circuit
diagram, Figure 8-12, observe that a
1U4 tube is used in the tuned r.l.
stage.  Grid  bias—and  consequently
the sensitivity of the stage—is con-
trolled by the 50,000-ohm potentiom-
cter, R0O. Notice that the .05-micro-
larad condenser, C12, is used 1o iso-
late the lower end of the antenna-
coil secondary from chassis so that the
variable grid bias may be applied. s
mentioned carlier in this chapter,
special arrangements such as this have
10 be made in order to obtain hias on
the filament type ol tubes.

The r.[. coil consists of three wind-
ings: Lo, L7, and LB8. L6 and L7 are
the usual primary and secondary
windings, respectively. L8 is a ticklel
winding and is used 1o effect regen-
cration. In this process, a portion ol
the signal appearing in the plate cir-
cuit ol the detector tube is induced,
by the primary, in the secondary, L7.
The feedback produced reinlorces the
original signal and the sensitivity of
the circuit is greatly increased—one
reason why a first audio stage is not
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ment, reduce it by means of the gen-
crator output control.  Remember,
if "you are carelul to keep the signal
no louder than necessary the align-
ment will be more accurate.

1) Readjust the generator to 1400
Kilocycles and retune the receiver to
that frequency. Adjust the antenna
trimmer for maximum response, as
outlined in the previous paragraphs.
I'his completes the alignment.

SHORT-WAVE RECEIVER

used. The tickler winding has a suffi-
cient number of wrns to cury the
regenerative  process  to  the  point
where the tube will oscillate. How-
cver, when receiving radio-telephone
signals, the most desirable operating
point is just below the point of oscil-
lation, so some method of control
must be added. Control of regencra-
tion s effected by varying the screen
voltage applied 1o the tube. "T'his is
accomplished by the potentiometer,
R With R% in series, it is connected
across the B supply.

The method of transferring signals
lrom the detector to the output stage
diflers from that in ordinary broad-
cist receivers. It is commonly relerred
to as impedance coupling. In the plate
circuit ot the detector, where we
would expect to find a resistor, there
is. instead, the audio choke, 1.2. The
output-stage grid resistor is the vol-
ume control, R1. Coupling between
stages is effected by means of the con-
denser, C3,

The coils used in this receiver are
ol the plug-in type and are inserted
into ordinary tube sockets. You may
wind them on lactory-made Torms or
on forms vou build yoursell. Instruc-
tons for making your own forms and
for winding the coils is given below.

The set may be constructed on a
chassis measuring 5 by 8 by 1-1/2
inches, provided a speaker no larger
than four inches in diameter is used.
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A S-inch speaker is shown in the as-
sembly drawing, Figure 8-13. As all
power is derived from a l.l-volt A
battery and a 90-volt B battery, the
receiver is adapted to portable usc.
Coil construction -

If you prefer 1o use commercidlly-
made coil forms, you have a choice
ol two types. One consists of a ribbed
bakelite tube with a standard four-,
five,, or six-pin tube base at its lower
end. The ribbed construction is used
to keep the windings away [rom tRe
form as much as possible. The seecond
consists of a polystyrene tube with
the same kind ol plug-in base. As
polystyrenc is considered a low-loss
material, there is no need lor the
ribbed construction.

All coil lorms must be 1-1/4 inches
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H polystyrene tubing of that diameter
is available in your particular area,
its use is recommended. In making
up your own forms, whether of bake-
lite or polystyrene, take into account
that the outside diameter of the tub-
ing is slightly larger than for the
comniercial form and the winding
must therefore have fewer turns. The
difference will have to be determined
by experiment. Wind each coil with
the number of wurns specified in the
table below, then rcmove turns as
required . to adjust it to the band
limids.

To make a set of coils for one band
vou will need: one four-pin tube
base, one six-pin tube base, and two
2-1/4-inch lengths ol the 1-1/2-inch-
diameter wbing. Bases can be re-
moved from tubes without damage il

L2

° ° ‘
o
VAR,
COND.
o

REGENERATION U
CONTROL.

Fig. 8-13. Top view of short wave receiver chassis.

in diamecter il the windings are to be
as specified. Factory-made forms of
both types are readily available,
make a neat job, and are inexpensive.
You will need one four-pin and one
six-pin form for each of the bands to
be covered, or a total of eight forms,

You may make your own forms,
using bases removed from defective
tubes and 1-1/2-inch-outside-diameter
bakelite (or other plastic) tubing.

a little care is used. Wrap the tube
in a number ol layers of cloth or
heavy paper and serike it with a ham-
mer. Most all the glass will be broken
from the base, and whatever remains
can be removed by crushing it with
pliers. Scrape away all the cement
from the inside of the tube base with
a knife. To remove the lead wires
from the base prongs, hold each with
a pair of long-nose pliers and place
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the end ol the prong against the tip
of a soldering iron. \s soon as the
solder melts, pull the wire out. To
clean all remnants of solder from the
prong, reheat it and, while the solder
is still soft, tap the base smartly on
the workbench or table top.

T'he method of fastening the tubing
to the base is illustrated in Figure
8-11.\. Slip the tube over the base, then
dritl three 1/16-inch holes through
both tubing and base. The holes
should be equally spaced around the
tubing. Remove the form from the
tube base, coat the outside of the
base with household cement, and ve-
place the form, making sure that the
holes in the torm and the base are
aligned properly. Drive short lengths
ol 1/16-inch dowel into the holes and
cut them flush with the surlace ol

1/, BAKELITE TUBE
l "
e WALL

WOOD PINS

Fig. 8-11A. Coil form.

the tubing,

Wind the coils by wsing the data
given in the table below. When you
wind the antenna coil, the primary
should be at the lower end ot the
form and the secondary above it. For
the 1.1, coil, wind the primary at the
lower end ol the form, the secondary
next, and the tickler at the top. Space
all windings 1, 8-inch apart. Spacing
can be increased fater il yvou find the
coupling is too great. Use #22 double-
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cotton-covercd magnet wire for all
coils.

Coil-winding table

80 meters

I.t 7 wturns, close-wound

I.D 42 tarns, close-wound

1.6 7 turns, close-wound

1.7 12 tuwrns, close-wound

I.8 12 turns, close-wound
40 meters

1.1 6 tarns, close-wound

Lh 21 wurns, spaced to occupy a
length of 1-1/2 inches

L6 6 turns, close-wound

1.7 21 turns, spaced to occupy @
length of 1-1/2 inches

L8 8 turns, close-wound
20 meters

1.4 1 wrns, close-wound

1O 11 turns, spaced to occupy @
length of 1-171 inches

1.6 1 tarns, close-wound

1.7 L1 turns, spaced to occupy a
length of 1-1/1 inches

1.8 6 turns, close-wound
L0 meters

[t S warns, close-wound

1.5 6 turns, spaced o occupy @

length ol 1 inch

[.6 3 wrns, close-wound

1.7 6 turns, spaced o occupy a
length of | inch

L8 O warns, close-wound

We shall wike the antenna cotl as
an example of the method used in
winding the coils and connecting the
ends o the tube-base prongs, and we
shall assume that the 80-aneter coil s
under construction.

Drill a small hole (use o #60 drill)
through the lorm and base av a dis-
tance of 12 inch from the lower end
ol the form. Puss the wire through the
hole and down inside the #1 pin of
the tube base. Solder the wire in place
and wind on seven turns ol wire, This
is the primary, L1, and it is to be
close-wound: the turns must lie side
by side, each as even and as close as
possible to the one next to it When
seven turns have  been completed,
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ANTENNA COIL
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RFCOIL

Fig. 8-11B. Bottom view of coil sockets.

hold the wire in place on the lorm
with a bit of cellulose tape while you
drill another hole close to the end of
the winding. Cut the wire long
enough o reach to the base pin. Pass
the end through the hole just drilled
and down nmdc the #1 base pin.
Solder in place. This completes the
primary winding.

Drill another h()lc in the form 18
inch above the primary winding. Slip
the wire through and into the #2
base prong, where it is to be soldered
in place. Start winding the secondary
in the sime direction as the primary.
When 12 turns, also close-wound, have
heen ('mnplcu-d temporarily anchor
the wire in place while vou drill an-
other hole. Pass the en(l ol the wire
through it and into the #3 base pin,
solder the wire in place.

All antenna coils are wound in ex-
actly the same manner, although the
secondaries ol the 10-, 20, and 10-
meter coils must be spaced to occupy
the prescribed length. .An casy way to
do this is to wind the specified num-
ber ol turns on the form  experi-
mentally, and cut the wire to a length
somewhat greater than necessary (o
allow for the end connections. Then
solder one end to its base pin and
stare the actual winding, spacing as
vou wind. You will find that the turns
can be shilted to some extent, so the
proper spacing will result alter one
o1 two trials,

Here are the directions for winding
the r.1. coils:

1y All windings must be made in

the same direction. Whether the di-
rection is clockwise or.counter-clock-

wise makes no diflerence. The impor-
tant point is that primary, sccondary,
and tickler on any one coil must he
wound in the same divection and the
ends of each winding must be connect-
ed o the base pins exactly as specified.

2y Start the primaries about 1/2
inch from the bottom of the lorms.
Connect the start ol the primary wind-
ing o base pin #2 and the end 10
hase pin #5.

3) Start the secondary winding 1 8
inch above the primary. Connect the
start ol the secondary winding to base
pin #6 and the end 10 base pin #1.

B Allow 1/8-inch space between
the end ol the secondary and the
start of the tickler winding. Connect
the beginning of the tickler winding
to base pin #3 and the end to pin #1.

Additional information on the coils
and the manner ol connecting  the
ends ol the windings 1o the base pins
is given in Figure 8-14B, a bottom
view ol the coil sockets. In this draw-
ing, the socket terminals are not only
numbered but are marked with the
points in the circuit to which they wre
o be connected. When looking  at
these sketches, imagine that you are
looking at the hottom ol the coil form
instead of the socket, which alter all

14 3Q4
Fig. 8-15. Detail of coil sockets.
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amounts to the same thing. In the
drawing ol the antenna-coil socket,
for instance, yvou will note that the #1
pin is marked Tantenna” and the #1
pin is marked “chassis.” These are the
terminals ol the primary  winding.
Similavly, the #2 pin is labeled “grid
of vl amplifier” and the #5 pin is
mirked “RE8-C127 We know that the
sccondary winding is connected to the
arid of the rd. tube and that the low-
er end of the secondary winding is
connected 1o the junction of R8 and
(12, These are the secondary termi-
nals. By referving to the wiring dia-
gram, the coil-winding instructions,
and Figure 811D [rom time to time,
vou will have no difficulty in con-
strncting the set of coils and in cor-
rectlv wiring the coil sockets.

Parts list
Resistors

R 500K ohms, volume control
with two single-pole single-
throw switches, SWI1 and

Swe
R2 250K ohms, 1 2-watt carbon
R 30K ohms, 1 2-watt carbon
R 50K ohms, regencration con-
trol
R> 500 ohms, 1/2watt carbon
R6 50K ohins, bias conurol
R7 3 megohms, 1/2-watt carbon
R& 100K ohims, 1/2-watt carbon
Condensers
Cl 002 mld., 400-volt paper tubu-
i lar

[ 8 mild., 100-volt electrolytic,
tubular cartridge

C3 05 mfd., 400-volt, paper tubu-
lar

CH 00025 mild., 400-volt mica

CH 00025 mifd., 400-volt mica

(¢} 2-30 mmld., ceramic trimmer

C7 Iomitd,, 400-volt paper tubu-
lar

B8 Midget dual 30-mmtd. variable

. condemser (with CIT)
CY .05 mfd., 400-volt paper tubu-
lar

C1o 230 mmid., ceramic trimmer
Gl (with C8)
G2 05 mid., 400-volt paper tubu-

lar
Corls

I S millihenry 1.t choke

1.2 500 millihenmry audio choke
[.5 8 millihenry r.l. choke

1.1 Antenna coil (see text)

155 Antenna coil (see text)

1.6 R.F. coil (see text)

1.7 R.F. cotl (sec text)

L8 R.F. coil (sce text)

Transforme
' Output  translormer,  midget
type, 9,000-o0lim priman -
pedance, 5.5-ohm secondary
impedance
Speaker
3-inch PN dyvnamic, $.5-0hm voice-
coil impedance
Miscellaneons
Chassis: 5 x 8 x |-1 2 inches, steel or
aluminum
3 miniature 7-pin sockets
4-pin tube socket
G-pin tube socket
8 1-1/4-inch-diameter  plug-in - coil
forms, or home-made fornus
100 feet (approx.) #22 double-cotton-
covered magnet wire
J-point tie strips
Push-back wire
Rosin-core solder
Hardware
Tubes
U4 L, 1U1 detector, 3Q4

Layout and assembhly

For a top view of the chassis show-
ing all major parts, rvefer to Figure
8-15. Dual variable condenser, speak-
er, coil sockets, and tube sockets are
all mounted on top of the chassis.
The three controls, R1, R4, and R6,
are mounted on the lront apron of
the chassis. R6 is not visible in the
drawing because it is mounted im-
mediately below the variable con-
denser.

The dual variable condenser is
mounted at the {ront right corner of
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the chassis. 'The Tastening of the con-
denser will he governed by the con-
struction ol the particular type you
buy. Some condensers may be mount-
ed directly on the top surface of the
chassis while others are intended pri-
marily for panel mounting, in which
case a special wrrangement may have
to be worked out,

‘T'he speaker is located ar the een-
ter of the chassis and may be fastenced
to the tront apron. You may have to
drill two or more holes in the speaker
Hange tor this purpose. The output
transtormer is located on top of the
speaker magner brame. I the wrans-
former you buy (or have on hand)
is too large for this method of mount-
ing, you will find ample space for it
on the chassis to the left of the
speaker,

Lay out a center line one inch from
the rear edge of the chassis. Along
this center line locate the rf. coil
socket, LU socketr, and 3Q1 socket

1uae U4 3Q4
] ] 7 U L
N k
l - 4
$ 8 5w
- +
A BATTERY
13 VoLTS

Fig. 8-16. Filament circuit.

Starting at the right end of the chissis
and measuring along the center line,
tayv off a distance of one inch, "This
marks the center ol the r.f. coil socket.
To the left of this mark lay ofl a dis-
tance of 1-3/4 inches; the U1 detec-
tor socket will be located at this point.
Another center mark at a distance of
1-3/4 inches to the left of the 11U+
socket marks the position of the 3Q
tube socket.

Another center line, for the r.f.
tube socket and the antenna-coil
socket, may now be drawn parallel to
the right cdge of the chassis and ap-

proximately 2-1°2 inches to the left
of it. Starting from the front of the
chassis, lay off a distance of 1-1/4
inches; this is the center point of the
antenna-coil socket. The center of the
r.I. tube socket is located 1-1,2 inches
to the rcar of the coil socket.

On the front apron of the chassis
draw a center line 34 inch [rom the
chassis top. From the left side of the
chassis measure a distance of 1-1/1
inches along this line and mark the
center of the volume-control shaft.
Measure 1-1 1 inches 1o the right of
this mark to locate the position of the
regeneration-control shaft. T'he bias
control is located 1-1 | inches from
the right side of the chassis along the
center line previowsty established.

Punch-mark all centers, then lay
out the positions ol the tube socket
mounting screws. This may be done
by laving the socket lace down on the
chassis and aligning it so that the
center of the socket coincides with the
punch mark, then marking the socket
mounting holes with pencil.

Drill the screw holes for the tube
sockets with a #31 drill. For the coil-
socket mounting holes and all other
holes use a #25 drill. Enlarge the holes
for the control shalts to 8 8 inch with
a drill or a reamer, Cut the tube-sock-
ct and coil-socket holes with chassis
punches, using a5 8-inch-diameter
punch for the tube sockets and a
1-1/16-inch-punch tor the coil sockets.
When all major parts are in place you
are ready to begin wiring,

Wiring

a) Filament  Civcuit.  See  Figure
8-16.

Notice that the 3Q-4 wbe has a
center-tapped filament. 11 we were to
connect pins 1 and 7 to the .\ battery,
the two sections of the filament would
be in series and would require 2.8
volts at 50 milhamperes. In some sets
the filaument terminals are so connect-
cd, but in this set we want all the
tubes to operate at a filament voltage
of 1.4. Therelore, connect the two
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sections of the filament in parallel.
The requirements are now 1.4 volts
at 100 milliamperes, arrived at by
connecting a jumper wire between
socket terminals 1 and 7, and then
connecting terminals 5 and 7 to the
A battery. .\ bottom view of the tube
sockets is shown in Figurc 8-1-L\.

Wire the filaments in parallel by
first connecting the #7 terminals of
all sockets together. Run a wire from
the #7 terminal of any one of the
tube sockets to one contact on the A
battery switch (S\W1 in the diagram).
To the remaining contact of SWI,
connect the positive A-battery wire.
This wire should be brought out
through the rear apron of the chassis
and anchored to prevent strain on
any of the socket terminals.

Now conncct the following socket
terminals together: terminal 1 of the
1U4 rf., terminal 1 of the 1U4 de-
tector, and terminal 5 of the 3(}1 out-
put. Connect the negative A-battery
wire to any one of these three termi-
nals, observing the precaution, men-
tioned above, to anchor the battery
wire. Ground any one of the three
socket terminals to chassis.

With the A battery connected and
the tubes in their sockets, turn the
switch on and note whether the tube
filaments glow. If you care to make a
voltage test, use a DC meter with a 5-
volt range and check from the positive
terminal of each filament to chassis.
The normal reading is 1.4 volts.

h) B Supply Circuit. See Figure
8-17.
B SUPPLY TO ALL

TORe PLATES AND SCREENS
EXCEPT DETECTOR SCREEN

TO DETECTOR
Rs SCREEN (PIN3)
$00n TOR
A R4 R3
SOk 50K 30K
B8 BATTERY
90 VOLTS

Fig. 8-17. B. supply circuit.
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c3 3Q4
05MFD.
TOL2 T
e SPEAKER
CIRCUIT) ' { @K
S5MEG.

)
SUPPLY CIRCUIT) ;

MFD
00V | TO B+(SEE B
SUPPLY CIRCUIT)

Fig. 8-18. Output circuit.

It is a good idea to use a double tie
strip as a connection point for the
B-plus and B-minus battery wires.

Connect resistor R5 from the B-
minus terminal to chassis. From the
same terminal, connect potentiometer
R6 to chassis. To insure proper rota-
tion of R6, look at it from the shaft
end with the terminal lugs pointing
downward; the terminal at your right
is connected to B minus, the one at
the left to chassis, and the center
terminal will be wired to R8 later on.
A connection will also be added to the
B-minus terminal during a later stage
of the wiring.

Connect the right-hand terminal of
potentiometer R+ to onc end of R3.
Ground the other end of R3 to chassis.
Run a wire from the left-hand termi-
nal of R4 to one terminal lug of S\W2,
the B-battery switch. Connect the
positive B-battery wire to the other
terminal of SW2. As you will observe
in the sketch, other wires will be
added to the B-plus terminal later,
and another connection will be made
at the center terminal of R4.

c) Output Circuit. Sce Figure 8-18.

Connect the left-hand terminal of
the volume control (as vou lace the
shaft end of the control) to the B-
minus terminal  (see B-supply dia-
gram, Figure 8-17) . Connect one cnd
of the coupling condenser, C3, to the
high side of the control (the termi-
nal at the extreme right). The grid
terminal of the tube socket is now
connected to the center terminal of
R1. The blue wire (or plate terminal)
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of the output tanstormer priny is
now connected to cither pin 2 or pin
6 ol the wbe socket. The opposite
end ol the primary winding can next
bhe connected to B plus. Connect €l
bhetween socket terminal 2 (or 6) and
chassis. Connect the positive terminitl
ol C2 o socket terminal 1: from this
terminal run o owire o B oplus and
sround the negative terminal ol C2.
Complete the outputstage wiring by
connecting the secondary wires ol the
output uanslormer to the voice-cotil
terminals of the speaker.

To make a resistance check ol this
circuit, measure values [rom the tube-
socket terminals to chassis, B ominus,
or b plus, as indicated below:

I'rom To Olnns
pin 5 B ominus H00K

pin 5 chassis S00K

pin 4 chassis over 100K
pin - B plus ]

pin 2 (or 6)  chassis over 100K
pin 2 (or 6) B plus 200

A voltage check from plate and
screen to chassis should show values
substantially the same as those given
helow:

From To DC Volts
pin 2 (or 6) chassis 80
pin | chassis 85

An operation test can be made on
this stage. With the tube in its socket,
A and B bauteries connected, and the
switch turned on, advance the volume
control to the full on position and
touch the grid (pin 8) with the linger
or the tip of a screwdriver. This will
result in a hum or buzz in the speaker
it the stage is working properly.

d) Detectory Civeuit. Reler to Figure
8-190.

The r.f. choke, L1, and condenser
C4 are best mounted on a tie strip.
Conncect one end ol L1 to one end of
C1. Run a wire from their common
point o pin | of the r.f. coil socket.

o

From pin 3 ol the vf. coil socket run

a wire to the tube-socket terminal 2.
Connect the free end ol G to chassis
and the free end ol 1.1 1o one terminal
ol L2, the audio choke. 11 1.2 is pro-
vided with terminal lugs, one of these
may be used as a convenient junction
point. The opposite end ol L2 may
now be connected 1o B plus (refer o
the B-supply diagrim, Figure 8-17,
when making this connection) .

Next run a wire from the screen
terminal of the tibe socket (pin 3) 1o
R1 in the B-supply circuit. Belore
soldering  the connection at socket
terminal 3, add one end ol condenser
C7: connect the free end of C7 o
chassis,

R7 and C5 should be mounted on @
tie strip and connected in parallel.
Connect one end ol the parallel com-
hination to pin 6 ol the tube socket.
Now connect the remaining terminal
ol the R7-C5 combination to pin 1 ol
the r.L. coil socket. T'o this same point
connect a wire leading to the stator

Cs
VAR.CONO MMFD. TORa TOB+
re (SEEB (SEEB

SUPPLY
SUPPLY
CRCUM  ciReuiT)

Fig. 8-19. Detector circuit.

terminal ol the r.f. section of the tun-
ing condenser. Since the two sections
ol the condenser are similar, cither
may be used in this circuit; however,
be sure to select the one that will be
nearcr the coil socket. 'Terminal 6 of
the r.d. coil socket may now be con-
nected to chassis. If the tuning con-
denser is not fastened o the chassis,
vou will have 1o add a wire from the
rotor terminal to chassis.

The trimmer condenser, C6, must
now be connected in parallel with the
main tuning  condenser. There are



24 BUILD YOUR OWN
several ways ol supporting the trim-
mer. It may be possible to mount it
on the tuning-condenser frame with
machine screws and nuts, or the trim-
mer-condenscr soldering lugs may be
soldered directly to the main-tuning-
condenser terminals. If neither of
these methods can be employed, use
short lengths of heavy wire (about
#14) to connect the trimmer-con-
denser terminals with the main-tun-
ing-condenser terminals.

Normal resistance readings for this
stage are:

From To Ohms
pin 6 chassis 3 megohm
pin 3 chassis over 100K
pin 3 B plus 0

pin 2 chassis over 10K
pin 2 B plus approx. 100

Voltage readings:

From To DC Volts
pin 3 chassis 55
pin 2 chassis 52

e) R.F. Amplifier Circuit. See Fig-
ure 8-20.

Connect the #1 pin of the antenna-
coil socket to chassis; this is the
grounded cnd of the antenna primary
in the diagram. The opposite end of
this winding (pin 1) is connected to
the antenna. Connect a short length ol
wire to this terminal, il you wish, and
lead it out through a small hole in
the rear apron ol the chassis to serve
as a convenient antenna connection.

Run a wire {rom the stator terminal
ol the antenna tuning condenser (Cl1
in the diagram) to the #3 pin ol the
r.f. coil socket: from this point run
another wire to the #6 terminal of the
tube socket. At this time you may
connect the trimmer condenser, (10,
in parallel with the main tunning
condenser as described above in sec-
tion (d) on the dctector circuit. The
rotor terminal of the tuning con-
denser and one terminal of the trim-
mer may now be connected to chassis
(unless the tuning condenser is
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mounted directly on the chassis).
The lower end of 1.5 (antenna-coil
socket terminal #3) is not grounded
directly to chassis, as in most sets, but
is grounded through condenser C12.
Connect onc end of C12 and one end
of R8 to the #3 terminal of the coil
socket; the other end of C12 is then
connected to chassis and the free end
of R8 to R6 in the B-supply circuit.
Now run a wire from the screen
terminal of the tube socket to B plus.
Betore soldering the screen connec-
tion, add one end of condenser CY.
Connect the other end of C9 to chassis.
Connect a wire from the plate
terminal of the tube socket (pin 2)
to terminal 2 on the r.f. coil socket.
R.F. coil socket terminal #5 may then
be connected to one end of the r.f.
choke, L3. The free end of L3 is next
connected to B plus. This completes

Ls
bl
Cio
MR )
e C,2l TRIMMER | _OSMFD. L3
Re 55-50 ToB+
MMFD, (SEE B
suppLy  T08%
CIRCUIT)
TORG SuPPLY
(SEE B SUPPLY CIRCUIM
CIRCUIT)

Fig. 8-20. R. F. amplifier.

the wiring of this project.

Resistance  measurements on  r.f,

stage:
Ohms To IF'rom

I megohm R6 pin 6
over | megohm chassis pin 6
0 B plus pin 3
over 100K chassis pin 3 .
approx. 20 B plus pin 2
over 100K chassis pin 2

Voltage measurements:
From To DC Volts
pin 3 chassis approx. 53
pin 2 chassis approx. 50
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SIX-TUBE AUTOMOBILE RADIO

The requirements for an auto radio
are much less flexible than those for
a home recciver. Suppose we consider
some ol them.

1) A car radio must operate from
an antenna of limited size. The most
popular antenna is a vertical rod
mounted on the cowl of the car.

2) Because of thc small antenna
size, the set must have higher sensi-
tivity than the average home sct.
Sensitivity is increased to the desired
level by the use of an r.f. stage ahead
of the mixer.

3) The set must derive both heater
and plate voltages from a 6-3-volt
storage battery. The heaters are there-
tore operated in paralle) and connect-
ed directly across the battery. In fact,
the development of auto receivers and
tubes for them led to the standardiza-
tion of types with 6.3-volt hcaters.
For supplying plate and screen volt-
ages, a special power supply capable
of converting 6.3 volts DC to about
200 volts DC has been developed. Tt
is described in detail below.

4) The ordinary electrodynamic
speaker, used in home receivers, can-
not be employed on account of the
high field resistance. 'T'he first answer
to this problem was a low-resistance
field winding connected directly across
the car battery. A few years ago manu-
facturers began to usc permancnt-
magnet dynamic speakers instead.

5) The car radio with its high
sensitivity must operate under un-
usually severe noise conditions created
by the ignition system and some of
the accessories. An auto receiver must
be completely shielded to prevent
noise from reaching the set through
the wiring or tubes, and an claborate
filtering system is used to prevent
noisc {rom entering via the battery
connection. The antenna, however,
remains as an entrance point, and, as
nothing further can be done to the

set to eliminate noise, suppression de-
vices are often applied to the ignition
system of the car.

6) The set must be small enough
to mount on the driver’s side of the
fire wall, either in back of, or just be-
low, the instrument panel.

The sct described here conforms to
present-day practice. Following a de-
scription of the circuit layout, assem-
bly, and wiring, a few suggestions are
given for the suppression ol ignition
interference.

You can use a chassis mecasuring
6 by 10-1/2 by 1 inches mounted in a
metal case just long enough and wide
enough to accommodate it and about
5 inches deep. The case should have
a removable top and bottom to pro-
vide access to the tubes and the parts
below the chassis. It must be fitted
with a partition to separate the power
supply from the rest of the set. The
partition should be about $ inches
from one end of the case. The parti-
tion is clearly shown in the chassis
top view, Figure 8-22. Some rearrange-
ment ol parts and changes in chassis
proportions may be necessary, but it
should be possible to build the set to
fit into a large glove compartment.

Circuit description

The complete circuit diagram is
shown in Figure 8-21A. In our over-
all description of this project, we must
give special attention to the auto-
radio power supply because it is quite
different from any circuit considered
so far.

Figure 8-21B is a simplified diagram
ol part of the power supply circuit.
Only the car battery, the vibrator (or
interrupter), and the primary of the
vibrator transformer are included as
pertinent to our discussion.

To begin with, let us examine the
first function of the power supply,
which is to convert a direct current at
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6.3 volts to an alternating current at
about 220 volts. This conversion is
performed by the vibrator and trans-
lormer. Afterwards the 220-volts al-
ternating current is changed to high-
voltage direct current by the rectifier
tube, and finally is smoothed out by
the filter circuit.

The vibrator in this project con-
sists of a vibrating rced carrying threc
contact points. T'he points engage
three fixed contacts, one ol which is
located above the reed, the other two
below it, as shown in the illustration.
Two of the fixed contacts, one above
and one below the reed, are connected
to the ends of the transformer primary
winding. The third fixed contact is
connected to one end of the small coil
seen just below the reed. This coil is
an electromagnet; it causes the reed
to vibrate.

In Figure 8-21B the reed is shown
in its normal position before the on-
off switch is closed. It is resting against
the lower fixed contact, which is con-
nected to the transformer winding.
When the switch is closed, current
flows from the negative terminal of
the car battery through the car trame
to the vibrator rced. From this point
the current passes through the reed
and the lower fixed contact and then
upward through the lower half of the
transformer winding. Current also
flows through the winding of the elec-
tromagnet, via the third fixed contact,
to the positive terminal of the battery.

The magnet is thus energized, and
it attracts an iron armature attached
to the reed, displacing the reed from
its normal position and causing it to
move upward and make connection
with the upper fixed contact. As the
reed leaves its normal position, the
conncection to the lower half of the
transformer winding is broken and
current no longer flows through it.

With the reed in its new position,
the circuit of Figure 8-21C is estab-
lished. Current flows from the nega-
tive terminal of the battery through

VIBRATOR

TRANSFORMER
PRIMARY

-

Fig. 8-21B. Vibrator circuit with
reed in normal position.

the rced to the upper fixed contact
and thence downward through the
upper half of the transformer winding
and back to the battery.

As soon as the reed leaves its nor-
mal position, the circuit between it
and the electromagnet contact is bro-
ken and the magnet is de-energized.
The reed snaps back to its original
position, the circuit through the lower
fixed contact is reestablished, and the
cycle begins again.

As long as the switch is closed, the
magnet is alternately encrgized and
de-energized and the reed remains in
motion. The important point is that
the transfer of conncctions from the
lower to the upper halves of the trans-
former winding causes current pulses
to flow in opposing directions through
the winding. And this, as we are all
aware, produces an alternating cur-
rent in the wansformer secondary
winding. Due to the step-up ratio of
the windings, the voltage appearing

VIBRATOR

—_— —_—

TRANSFORME R
PRIMARY

Fig. 8-21C. Vibrator circuit with
reed in upper position.



228 BUILD YOUR OWN
at the secondary is about 215 volts
from the center tap to either end of
the winding. After rectification and
filtering,
something over 200 volts.

Before leaving the power supplh. it
is worth mentioning that the voltage
developed in the wansformer wind-
ings does not change dircetion at the
usual rate of 60 ¢veles per second but
at 115 eveles. The vibrator reed op-
erates at that particular [requency.
For other applications, vibrators are
made o Tunction at GO cycles per
sccond. “Fhis type is used principally
as an inverter lor operating phono-
graphs, radio and television receivers,
electrie shavers, and other appliances
from @ DC Tine. Because the operating
frequency ol the auto-radio vibrator
is higher tham wusual, the power trans-
former mav be designed with less iron
in the corve, which gives us a smaller
unit.

The vf. amplifier dircuit in this set
is conventional and uses a 6BAG mini-
ature tube. T'he amplified signals are
passed on o the grid of the 6BEG con-
verter tube. The mixer circuit, oo,
is no different Irom that used in home
receivers, but the oscillator  circuit
diflers in several wavs. Although the
oscillator coil is the ordinary tapped
variety Jound in many  home-radio
sets, notice that the condenser G20 s
connected in series with the oscillator
tuning condenser, €20 is the padding
condenser, or padder. Resembling a
aimmer, although with o higher ca-
pacitce than the average wimmer,
it is variable between a minimum of
0 and o maximum of 80 micro-
microfarads. Also note that all three
ol the variable condenser sections have
the  samer capacitancee=365  micro-
microlarads. In all previous projects
the oscillator section of the tuning
condenser had o capacitince  about
hall that of the other sections. \When
the padder is in series with the main
tuning  condenser, the total capaci-
tance is reduced to a value lower than

we have a direct carrent at '’
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that of either unit, and if the two are
cqual. then the ol capacitance will
he exactly hallt that ol either unit.
he important point is that the pad-
der is adjustable and therelore the
operating [requency ol the oscilator
may be adjusted. especially at the
low-Irequency end ol the range.

The vid. awmplilier, detector, first
aundio, and output circuits resemble
those used in an AC home receiver., A
GBAG wibe is used in the il stage, a
HATG in the detector-first-iudio, nd
@ GVGGT in the output. AVC voluage
developed across R s applied to the
erids of the vl and i.f. stages. To per-
mit the application ol AVC 1o the v,
amplifier, its control grid must he iso-
lated from the chassis—the reason wh
condenser Gl s used.

Although the speaker is shown in
the complete circuit diagram, none is
shown in the chassis layout drawing,
s vou probably observed. Space limi-
tations will generally require vou to
mount the speaker clsewhere than on
the set. But this is no particular prob-
lem, 1t can be located on the dash or
on the package shell at the rear of the
car casily enough. Any PN speaker
having a voice-coil impedance ol 8.5
ohms is suitable.

Now look at condenser C17 in the
power supply circuite It is known as
a butler condenser and must be a high-
quality component rated at 1600 volts.

Included in the heater and power
supply civcuits are  the  condensers
CI8 and C1Y and the chokes L1, L5,
and L6, "Their function is to block
ienition interference created by the
make and break of the vibrator con-
ticts (vibrator “hish™) from noving
imto other parts of the set. 'Fhe con-
densers are ordinary, commercially
available units ol the proper values,
but the chokes camnot be bought in
radio supply stores. They ean be or-
dered Ivom the distributor of any na-
tionallyv-known auto receiver, but it is
better to make them vourself. Heavy
wire—=#16 cnameled will do—must be
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used to carry the heavy current; the
heavy wire will also make the chokes
self-supporting.

You have a choice betwecen two
methods of winding. In the first meth-
od, a helical coil is wound on a cylin-
drical form 1/2 to 5/8 inches in
diameter. .\ dowel will do as the wind-
ing form. Wind on about 15 to 20
turns  (close wound), remove the
form, and mount the choke on a ter-
minal strip or in any other conven-
ient manner. The alternate method
involves the use of a pancake-like
winding. Drive a large nail into a
board and start winding wire around
the shank of the nail. Each unmn
should lie flat against the board and
on the outside of the turn preceding
it, producing a flat spiral. About 20
turns will be sufficient. When the coil
has been completed, remove the nail
and bind the coil with string or nar-
row tape. If you decide to use the first
method, wind coil L5 using condenser
CI8 as a form.

In the parts list reference is made
to i fuse holder and to an antenna
connector. Both are available at all
large radio-supply stores.

The fuse holder is intended for use
with the tubular fuse common to auto
lighting systems. .\ I5-ampere fuse
should be installed in the battery line
leading to the radio receiver. The
holder consists of two parts that can
be separated for removal and replace-
ment ol the luse. A fuse must be used;
otherwise lailure ol the vibrator will
damage the translormer or other parts
of the set.

The antenna connector is a tubular
bayonet connector into which the cin
antenna lead is plugged. Install it on
the rear or side apron of the chassis.

Parts list

Resistors
R 270 ohms, 1 /2.watt carbon
R2 470K ohms, 1 2-watt carbon
R 250K ohms, 1/2-watt carbon

R4 8 megohms, 1/2-watt carbon

R5 750K ohms, volume control
with switch, SW1

RO6 500 ohms, | /2-watt carbon

R7 20K ohms, 1 /2-watt carbon

R8 200 ohms, 1/2-watt carbon

R9 1 megohm, 1/2-watt carbon

R10 2 megohms, 1 /2-watt carbon

R11 20K ohms, 2-watt carbon or
wire-wound

R12 68 ohms, 1 /2-watt carbon

R13 68 ohms, 1 /2-watt carbon

R14 1K ohm, I-watt carbon

Condensers

Cl 01 mid., 600-volt paper tub-
ular

2 20 mid., 25-volt electrolytic,
tubular cartridge

C3 O mid., 600-volt paper tub-

ular
4 200 mmfd., 600-volt mica
Ch 200 mmld., 600-volt mica
Co6 01 mld., 400-volt paper tub-

ular

C7, C10, C13 Trimmer condenser,
5-30 mmtd., part of tuning
condenscr

8 Tuning condenser, 3-gang, 365
mmfd. each section (with C9,
C12)

9 (with C8)

COA 100 mantd., 100-volt mica

C10  Trimmer  condenser, 5.30
mmfd., part of tuning con-
denser

1 200 mmfd., 100-volt mica

A2 (with C8)

ol Trimmer  condenser, 5-30

mmlid., part ol tuning con-

denser

Cl4 05 mid., 400-volt paper tub-
ular

Cl5 05 mid., 600-volt paper tub-
ular

C16  20-20 mid., 350-volt clectro-
lytic, aluminum can, vertical
mounting

Ci17  .008 mid., 1600-volt tubular

CI18 .5 mid., 50-volt paper tubular

C19 470 mmid., 100-volt mica

€20 Oscillator padder condenser,
70-480 mmfd.
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Fig. 8-22. Top view of auto radio chassis.

Colils
L1 Tapped, single-winding oscil-

lator coil (used with 363
mmfd. tuning condenser)

1.2 R.F. coil, shielded, Meissner
1421437 or cquivalent
1.3 Antenna coil, shielded, Meiss-

ner 142436 or cquivulem
1.4 R.F. choke (sce text)

L5 R.F. choke (see text)
1.6 R.F. choke (see text)
Transformers
Tl Vibrator transformer, Stancor
P-1062 or equiv:llent
12 Output wanstormer, Stancor

A-3877 or equivalent
7L 455-kilocycele input, Mervie BC-
352 or equivalent
712 455-kilocycle  output,  Merit
BC-355 or equivalent
Vibrator
Radiart 5301 or equivalent
Miscelluneous
5 miniature 7-pin tube sockets
Octal tube socket
I-pin socket for vibrator
Chassis: 6 x 10-1 -1 x 1 inches, steel
Case: 6 x 10-1/4 x 5 inches, inside di-
mensions: removable top and bot-
tom, partition 3 inches [rom one
end
4-36 x 3/8 inch r.h. machine screws
with nuts
6-32 x 3/8 inch r.h. machine screws

with nuts
2-terminal output strip
3/8-inch #6 self-threading screws
3- and d-point tie strips
Fuse holder
Bayonet-type antenna commector
15-amp. fuse
Ground-connection soldering lugs
PPush-back wire
Rosin-core solder

Tubes

6BAG (2), 6BE6G, 6AT6, 6VOGT, 6 x 4

Layvout and assembly

Figure 822 is a top view of the
chassis, showing the locations of the
power supply components, tube soc-
kews, tuning condenser, 1Li. transform-
cers, antenna and v, coils, and the
volume control. The spacing ol parts
may be varied to suit the individual
builder it the order ol the tubes, coils,
and tansformers is not changed.

The power supply unit is located in
the shiclded  compartment, separate
Irom the rest of the set to insure that
vibrator hash will not be picked up.
Il the chassis 1s the size specified, you
will have to make VOur own case,
which is not a difhicult job. Usually
light-gauge sheet metal may be used.
I the set is to be installed in the glove
compartment, I8 gauge aluminum
will be satisfactory, as the caise does
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not support the weight of the set. On
the other hand, il the sct is to be
bolted to the fire wall, it must be
heavier and should be made of steel.
For a glove-compartment installation,
be sure to establish a good, low-resist-
ance connection between the chassis
ol 1he set and the frame of the car.
You may have an opportunity to ac-
quire a used or discarded case, and
then vou can change the size and pro-
portions of the chassis to fit the case.
In any event, the chassis may be held
to the outer container by means of #6
self-threading  screws. A metal con-
tainer is absolutely essential, other-
wise you will be troubled by ignition-
noise pickup. Because ol the wide
latitude in chassis size and propor-
tions, no dimensions are given in the
layout and assembly instructions. Fig-
ure 8-22 is a suggested layout, but you
may vary it to suit your needs. This
is possible within a fairly wide range
as long as a rcasonably direct signal
path is maintained.

When the layout is complete, drill
all miniature-socket screw holes with
a #31 drill. Use a #25 drill for the
6VOG T-socket screws, the centers of
all sockets and all other screw holes,
for the transformer mounting, the vi-
brator-socket mounting screws, and
the volume-control-shaft bushing. En-
large the hole for the volume-control
bushing with a 3/8-inch drill or a

reamer. Cut out the holes for the
miniature-tube sockets with a H/8-inch
shect-metal punch, first enlarging the
center hole to 1/16-inch larger than
the cap screw ol the punch. Use a
I-1/16-inch-dimmeter punch for the
6VOGT socket and the vibrator sock-
ct. You may have to punch 5/8-inch
holes for the i.f. transformers and the
antenna and r.f. coils, depending upon
their construction. Be sure that the
r.f. and converter tubes, as well as the
coils associated with them, are close
to the tuning condenser, regardless of
the layout you use. This will insure
the shortest possible grid leads, mini-
mizing the danger of coupling be-
tween wires. In the layout illustrated,
the front section of the tuning con-
denser is used for the antenna, the
middle one for the r.[., and the rear
section for the oscillator.
Wiring

For your convenience, a bottom
view of all tube sockets and the vi-
brator socket is shown in Figure 8-23,
You may want to refer to it from time
to time as the wiring progresses.

a) Heater Circuit. See Figurc 8-24.

Conncct all #4 terminals of the
miniature sockets together; the #7 pin
of the output tube socket is also con-
nected to this line. The order of wir-
ing makes no difterence.

The battery supply for the set may

Fig. 8-23. Bottom view of auto radio tube sockets.



232 BUILD YOUR O\WN

RF CONV.
6BA6 6BES

RADIO AND HI-FI SETS

DET -ISTAF ouTRUT RECT.
6ATE 6V6GT 6X4
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15 AMP
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BATTERY a70 MMFD$

Cis
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Fig. 8-21. Auto radio heater circuit.

be taken rom the battery side of the
ammeter (on the instrument panel),
or directly rom the ungrounded ter-
minal ol the battery. In cither case,
use #14 or #16 rubber-and-cotton-
insulated lacquered wirve. The wire
carries o heavy current and must with-
stand  comsiderable abuse, especially
when connected directdy to the bat-
ey, The wire from battery to set
rerminates at the male halt of the
fuse holder. Fhe Temale half ol the
holder has a short length—about a
foot—ol heavy wire leading into the
chassis. "Uhis short battery wire is then
connected to one end of 1.1, which is
mounted on a terminal swrip, and the
other end ol L.} is connected o one
terminal ot the switch, SW1i, To the
other switch terminal connect one end
cach ol C19, CI8, and 1.b. Later this
connection point will be used for the
hattery supply to the vibrator. Now
run a wire lrom the Iree end ol 1.5 to
the most convenient point on the
parallel heater circuit, which may be
any one ol the #4 terminals, or the #7
terminal of the 6V6GT. Connect the
#2 terminal ol the 6VOGT socket and
the #3 terminals ol all other wbe
sockets to chassis, and the heater cir-
cuit is completed.

To test the heater circuit, connect
the fTuse wire to one terminal ol the
storage battery. 1L the test is made
with a batery already installed in a
car, vou must use the ungrounded

terminal, Insert o Yi-ampere fuse in
the holder and connect the two halves
ol the holder together. Connect the
chassis to the other battery terminal,
insert the tubes in their respective
sockets, and turn on the switch. Ob-
serve whether the tubes operate at
normal brilliance. If you have a DC
volumeter, check voltage from each
ungrounded heater terminal to chassis.
You should get a 6.3 volt reading in
cach case.

L) Power Supply Civeuwit. Sec Fig-
ure 8-25,

Connect one ol the ends of the
tansformer primary winding to the
#2 terminal of the vibrator socket and
the opposite end of the winding to the
#3 terminal. Connect the #1 terminal
ol the vibrator socket to chassis. Now
connect the center tap ol the primary
winding to the #1 vibrator-socket ter-
minal, and from that point run a
wire to one end ol the r.0. choke, 1.6.
Connect the remaining end of L6 to
the battery supply. This is one ter-
minal ol the on-off switch at the junc-
tion ol L5, CI8, and C19. Finally, wire
R12 and R 13 in scries and connect the
ends ol the series combination Dbe-
tween the #2 and #3 vibrator-socket
terminals, Connect the common point
ol R12Z and R13 to chassis. T'he pri-
nury section ol the power supply cir-
cuit, is now completed.

Connect one end ol the transformer
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secondary winding to pin 1 ol the
6x1 socket and the other end of the
winding to the #6 socket terminal.
Ground the center tap ol the winding
to chassis. Connect the bufler con-
denser, C17, between the #l and #6
terminals of the socket.

The filter circuit consists of R11,
R4, C15, and the two sections of C16,
Mount R11 and R11 on tie strips and
connect them in series. The R11 end
of the combination is now connected
to the cathode of the tube socket (pin
7). To this socket terminal connect
one of the positive terminals of the
filter condenser, C16. The other posi-
tive terminal of C16 may now be con-
nected to the junction of RIIl and
R14. Ground the negative terminal of
C16 to chassis. Connect C15 from the
frec end of RI11 to chassis, and the
power supply wiring is completed.

Three B-voltage supply points are
shown in the diagram, marked A4, B,
and C. Plate voltage for the output
tube only is taken from point A, the
junction of R14 and the rectifier tube
cathode. Plate voltages for the first
audio, iL.f. amplifier, converter, and
r.f. amplifier are taken from point B,
at the junction of R1t and RII.
Screen voltage tor the output tube is
also taken from this point. The re-

"C" SCREEN SUPPLY
FOR RF,CONY.
AND IF TUBES

maining B-supply point, C, furnishes
screen voltage for the r.f. amplifier,
converter, and il amplifier tubes.
To make a resistance check of this
stage, measure from the tube-socket
terminals to chassis and compare the
readings with those listed below:

From To Ohms
pin 1 chassis 2140

pin 6 chassis 240

pin 7 chassis over 100K

Voltages should correspond to those
shown in the following table. An AC
voltmeter must be used lor taking the
readings between the rectifier plate
terminals and chassis.

From To Volts
pin 1 chassis 215 AC
pin 6 chassis 215 AC
pin 7 chassis 230 DC

c) Output Circuil. See Figure 8-26.

The output translormer may be
mounted on either the speaker or the
chassis. The latter position is more
desirable if your particular layout
permits, It you use the chassis mount-
ing, connect the output-transformer
secondary wires to the output ter-
minal strip, which should be located
on the rear of the chassis. Then con-
nect the plate wire of the transformer

"8" PLATE SUPPLY

FOR IST. AF, IF, CONV.
an AND RF, ALSO SCREEN
20 SUPPLY FOR OUTPUT

\J

cis
3‘”""" “A" PLATE SUPPLY

T
Ri2
(-

R13
68n

VIBRATOR

FOR 6V6GT,OUTPUT
| 6X4

{
L6
TO LS AND Ci8
(SEE HEATER CIRCUIT)

Fig. 8-25. Auto radio power supply circuit.
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1o the #3 terminal of the tube socket,
but belore soldering this connection
add one end of condenser Cl. The
other end ol the transformer primary
nay now be connected to point A in
the power supply circuit. Connect the
Iree end of C1 o this point, also. Run
a wire Irom the screen terminal of the
tube socket (pin ) to the B terminal
in the power supply circuit.

RI1 and C2 are now connected in
parallel and one end of the parallel
combination is connected to the cath-
ode (pin 8) ol the tube socket. The
other end ol the combination is to be
conmnected 1o chassis, but be sure that
the negative terminal of the condenser
is toward chassis, Connect one end ol
C3 and one end of R2 to the grid
terminal of the wtube socket. The [ree
end ol R2 is now grounded to chassis,
but the remaining terminal of C3 is
not connected until the first audio
circuit is wired.

Resistance check:

From To Olins
pin s chassis over 100K
pin 3 Bonlus (point ) \:|p|)m\'. 200
pin o chissis over 100K
pincb B plus (poine B) 0

pin b chassis 170K

pin 8  chassis 270

\r()llllgt‘ measum ements:

IFrom To DC Volts
pin 3 chassis 2920
pin 4 chassis 210
pin 8 chassis A
pin 8 pin 5 —12

c3
OIMED.
T2
T0 SPEAKER
PLATE
OF FIRST
ADI0
TO POINT “a
( POWER
SUPPLY)
TO POINT
“8"(POWER
SUPPLY)

Fig. 8-26. Output circuit.
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6AT6 e [0 cs oureur
Ca CIRCUIM
Lo
f MMFD
3
250K
Co
OIMFD \V
JL
10 Rs, L4 TOPOINT"B"
VOLUME Ra (POWER SUPPLY)
CONTROL BMEG
(DETECTOR
CIRCUIT)

Fig. 8-27. First audio circuit.

An operation test can be made by
touching a finger or the tip of a screw-
driver to the grid terminal of the
socket. ' A hum or buzz should be
heard. A more conclusive test can be
made by [ceding the audio output of
asignal gencrator into the grid of the
tube.

d) First Jdudio Circuit. See Figure
8-27.

Start by connecting one end of (i,
one cnd ol R3, and the [ree end ol
€3 (see output circuit) to pin 7 of
the tube socket. The other end of 4
may now be grounded to the chassis,
and next the lower end of R3 is con-
nected to point B in the power supply
circuit.

Connect R4 and €6 to the erid
terminal (pin 1) of the tube socket.
The other end ol R4 is to he ground-
ed, but the lree end ol C6 remains
disconnected until the detector c¢ir-
cuit is wired. Connect socket terminil
2 directly to chassis, and the wiring ol
this circuit is completed.

Make a resistunce check by meas-
uring between the points indicated
and compare your readings with the
normal values given below:

I'rom To Olnns
pin 1 chasis 8 megohm
pin 2 chassis 0

pin 7 chassis over 350K
pin 7 B plus (point B) 250K

Check the voltage between pin 7
and chassis: the normal reading is 80
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6AT6
[
SECONDARY - i‘-
OF IFT2 -
C5 200MMFD.
we toms H—fbo
%?“FD B TO Ce (ARST
X A I
; VOLUME CONTROL seloscun)
750K

Fig. 8-28. Detector circuit.
volts DC. Make an operation test as
described under the output circuit:
the results should be similar, although
much louder.

e) Detector Circuit. See Figure 8-28.

Connect a jumper wire between
socket terminals 5 and 6. To either
#5 or #6 connect the grid terminal
(or green wire) of the second i.f.
transformer. Mount C5, R10, and CI4
on terminal strips and connect them
in series, with R10 in the center. Now
connect the grid-return terminal (or
black wire) of the transformer wind-
ing to the junction of C5 and R10.
Before soldering the connection, add
a wire running to the high side of the
volume control. (Identity this termi-
nal by looking at the control from the
shaft end with the terminal lugs fac-
ing downward: the lug at the right is
the high side.) Connect the free end
of C5 and of Cl4 to chassis. Now
ground the lug at the left of the vol-
ume control, and connect the free end
of C6 (see first audio circuit) to the
center lug. The detector circuit is now
ready for testing. Only a resistance
check can be made as there are no DC
voltages at any of the socket terminals.

Normal resistance values for this
stage are:
From To Oluns

»

pin 5 (or 6) chassis 750K

pin 5 (or 6) AVC point 2 megohm
Using a signal generator, make an

operation test of this stage. Feed a

455-KC modulated signal into the pri-
mary of the second if. transformer
and listen for an audible tone.

) 1.l Amplifier Circuit. Sce Fig-
ure 8-29.

Begin the wiring by connecting the
plate terminal (or blue wire) of the
second 1L, transformer to tube-socket
pin #5, and the other end of the wind-
ing to point B in the power supply.
Connect socket terminal 6 directly to
point C in the power supply circuit.
Now comnect R6  between socket
terminal 7 and chassis.

The grid terminal (or green wire)
of the first i.f. transformer sccondary
is now connected to socket terminal
1, and the opposite end of this wind-
ing is wired to the AVC point (see
detector circuit). Complcte the wir-
ing by grounding socket terminal 2.

The resistance values to be expected
when testing this stage are:

From To Ohms
pin 1 AVC approx. 20
pin 1 chassis over 2.7
megohm
pin 5  chassis over 100K

pin 5 B plus (point B) approx. 20
pin 6 chassis over 100K
pin 6 B plus (point C) 0

pin 7 chassis 500

Voltage readings at the socket
terminals should be approximately:

From To DC Volts
pin 5 chassis 210
pin 6 chassis 75
pin 7 chassis 2

2 PRIMARY
OF IFT2
1
SECONDARY
OF IFT
TO POINT 8"
(POWER SUPPLY}
TO AVC SUPALY powgro )
R SUPP!
(DETECTOR CIRCUIT) L SulRLy

Fig. 8-29. L. F. amplifier circuit.
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6BE6

SECONDARY
L2
{(RF COIL)

TRIMME R

co CONDENSER
VARIABLE TO POINT"C”
CONDENSER {POWER SUPPLY}

TO POINT '8"
{POWER SUPPLY)

Fig. 8-30. Mixer circuit,

o) Mixer Chreuit. See Figure 830

Connect the erid end of the rd.
coil secondary to the stator terminal
ol the wming condenser  (mixer see-
tion). From this point run a wire o
pin 7 of the tbe socket. Ground the
opposite end ol the vl coil secondar
winding. "The plate tevminal (or blue
wire) of the il translormer winding
miy now he connected to socket termi-
nal 5 and the opposite end ol the
winding connected 10 point B in the
power supply cdircuit. ‘To complete
the wiring of this stage, connect tube
socket terminal 6 o point € in the
power supphy circuit.

Resistance  meastrements  should
he:

Irom To Olins

pin 5 chissis over HOOK
pin 5 B plus (pont B)  approx. 20
pin 6 chassis over TOOK

|)in 6 B plus (poinc ) 0
pin 7 chawsis approx. b

Do not make a voltage check on
this staee until the oscillator circuit
wiring has been completed.

I) Oscillatoy Cirenil. See Figure
S-31.

Connect the oscillator-coil tap to
the cathode ol the tube socket (pin
2y and the ground end of the coil to
chassis. The top, or grid, end ol the
coil is commcected o one terminal ol
the padder condenser, C20. 'The op-
posite terminal of the padder is con-
nected to the stitor werminal ol the

RADIO AND HI-FI SETS

oscillator tuning condenser. From the
junction of the padder and the oscil-
lator coil, connect C9 to the oscillator
grid terminal (pin 1) of the tube
socket. Connect R7 between pin |
and chassis.

Resistiince  measurements  should
he:

From To Oluns
pin 1 chussis R{II N
pin 2 chissis less than 1 ohm

Make a voltage check of the com-
hined oscillator and mixer seages. The
normal values are:

I'vomn To DC Volts
pin | hassis 2
pin 5 chiassis 210
pin 6 chassis 70

1y R cbwplifier Civeuit. See Fig-
ure 8-52.

Connect the plate cnd ol the r.l.
coil primary 1o socket terminal 5 and
the opposite end ol the primary to B
plus (point B in the power supply
cireuit). Run a wire from pin 6 to B
plus (point €). To socket terminal |
connect one end ol C11 and one end
ol RY. The hree end of RY may now
he wired to the AVC point (sece de-
tector circuit) . Connect the end of
€11 o the stator terminal ol the tun-
ing condenser where it joins one end
of the vd. coil secondary. The other
end ol the secondary is connected to
chassis. Ground pin 2 to chassis. Wire
one end of the antenna-coil primary
to the antenna connector: the oppo-

CQA; Cs
100 MMF O, VARIABLE <
CONDENSER R7
C20 L 20x
PADDER
C7
TRIMMER

(8]
OSCILLATOR
CoiL

Fig. 8-31. Oscillator circuit.
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sitc end is grounded. Connect C21
betwecn the lower end of R9 and
chassis,

R.F. stage resistance measurements
are:

From To Ohms

pin 1 AVC I megohm
pin 5  chassis over 100K
pin 5 B plus (point B) approx. 5
pin 6 chassis over 100K
pin 6 B plus (point C) 0

pin 7 chassis 200

Voltage measurements should be:

From To DC Volts
pin 5 chassis 210
pin 6 chassis 75
pin 7 chassis 1
Alignment

The i.f. alignment is made in the
usual manner by connecting the gen-
erator to the grid of the converter
tube (pin 7) and to chassis. With the
generator adjusted to deliver a 455-
kilocycle wmodulated signal and the
receiver volume control full on, make
the i.l. adjustments so as to give
maximum output.

Next, connect the generittor to the
antenna and chassis and tune both
sct and gencrator to 1620 kilocycles.
Adjust the oscillator trimmer con-
denser, (7, for maximum output.

Retune the generator and the set
to 1400 Kilocycles and adjust the an-
tenna and .. trimmer condensers,
Cl13 and C10, to give maximum out-
put.

Finally, adjust both set and gen-
erator to 600 kilocycles. Make a very
slight adjustment of the padder con-
denser, C20, and watch whether the
adjustment increases or decrcases the
output. If it decreases the output, re-
tune the receiver very slightly and
determine whether the output in-
creases. Continue adjusting the pad-
der until no adjustment of the vari-
able condenser will result in an
increase. Retune the receiver and the

generator to 1400 kilocycles and re-
check the adjustment of the r.f.,, an-
tenna, and oscillator trimmers.

Ignition interference

A few suggestions are offered here
for eliminating or reducing interfer-
ence from the car ignition system. In
most cases a suppressor must be in-
stalled hetween the high-tension wire
and the center terminal of the dis-
tributor cap. Suppressors are available
at all large radiosupply stores and
plug into the distributor in place of
the ignition wire, which is then joined
to the top end of the suppressor.

Sometimes it is necessary to connect
a  condenser  between the battery

%PRIMARY

Re OF L2
2000 (RF COIL)

Ci3
TRIMMER
CONDENSER

TO POINT “8"
Ca1 (POWER SUPPLY),

[+-)
guro
TOAVC SUPPLY /
{ DETECTOR CIRCUIT) TO POINT *C*

(POWER SUPPLY)

Fig. 8-32. R. F. amplifier circuit.

terminal ol the anmmeter and ground.
Suitable condensers may be purchased
at radio  and  automotive  supply
stores for a few cents. Another eflec-
tive method of reducing interference
is to install a hood-grounding strap
to supplement the rather poor ground
connection between the hood and the
sheet metal of the car via the hood
hinges. In a few instances, grounding
all cables, wires, tubes, and rods lead-
ing [rom the engine compartment to
the driver’s compartment will help.

All items to be grounded must first
be cleaned bright for an inch or so.
Flexible copper braid is then wrapped
tightly around them and connected to
a good ground on the Irame of the car.
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Special Parts Section:

How to Buy
Radio Parts

Although parts and how to use them are fully discussed throughout

this hook, here are some money-saving shopping tips to remember.

THOULD you ask a radio-parts salesman
for a “double-o-one-mike condenser,” he
could put out a counterful of parts—all dif-
ferent, vet all .001-mfd. capacitors. “Which
do you want?” he might ask. “Paper, mica, or
ceramic—and what voltage and tolerance?”
1 vour first impulse is to say that it makes
no difference so long as the capacity is right,
vou'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
transtormers, and tubes are dealt with in
this article. You may find them helpful next
time you shop for radio parts.

Condensers—Fixed and Variable

Mica condensers (Fig. 1) are casily recog-
nized by their molded-plastic cases. They
are 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 ind micas
in demand wherever low capacities with
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low loss ut high frequencies are required. |

Incidentally, in case condenser arithmetic
has you 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
mf. To translate mfd. to mmf., simply
move the decimal six places to the right (in
cffect, multiply by a million). Thus .0001
mld. is the same as 100 mmtf., and .005 mfd.
becomes 3000 mmf.

One of the war-developed ceramic capaci-
tors will often do when specifications call for
mica. Ceramics have high stability and com-
pactness; thev come in the form of small
disks or tiny eylinders resembling fixed re-
sistors (Fig. 1). They are 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 byspassing 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. When in doubt al-
ways take a luger 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 330 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 scems likely, try to get
capacitors scaled in plastic.

There is still another type of fixed con-
denser that crops up in practically every

picce of radio or electronie equipment—the
clectrolytic. This is used in all filter circuits
and in many special applications. Electro-
Iytic 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-
Ivtics with up to four sections are common.
Polarity must be observed ftor electrolytics,
so make sure the leads are color-coded or
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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. Except for test equipment or the
like you can usually allow an extra margin
of up to 20 percent when you can’t find a
condenser of the right size. If the parts list
calls for .005 mfd., vou can get by with .006
or .004 mfd. But for very exacting equip-
ment it is frequently wise to pay more for
condensers guaranteed within 5 percent of
stated capacity.

The variable condensers used for tuning
short-wave or broadcast receivers are usually
00014 mtd. (140 mmf.) or .000365 mfd.
(365 mmf.). Theyre available either as
single units or ganged into two or three sec-
tions. The type 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 tfrequencies.

Experimenters almost always find it wise
to purchase variable condensers with built-in
trimmers. These are sandwiches of metal
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and mica (Fig. 2). A sctscrew squeezes the
metal plates more tightly when you have to
increase capacity, or relieves the pressure
to reduce capacity. Fig. 3 shows trimmers
mounted directly above the variable plates.
Trimmers are built into most IF trans-
formers to enable you to make minor adjust-
ments. They also come separately for use
in coupling an 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, antenua, RF, oscillator, and
IF transformer coils. Some are shielded,
some aren’t.

Plug-in coils, found in simple crystal and
regenerative receivers, are generally sold in
matched sets to cover broadcast 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.
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Antenna and RF coils are employed in
small TRF receivers. They are available
cither shielded or unshielded. When using
unshielded coils, it is best to mount the an-
tenna coil above the chassis and the R coil
underncath so the chassis will serve as a
shield. Wherever it is necessary to mount
all coils on one side of the chassis, or where
there’s more than one tuned RF stage, only
shiclded units should be used. In buying
receiver coils, ask for a matched set. This
will assure accurate ganging between coils
as well as with the condensers.

Most superheterodyne circuits call for an

antenna coil, and they alwavs require an
oscillator coil, and at least two intermediate-
frequency  (IF)  transtormers.  Shielding
problems are the same as in the TRE set.
In the lower foreground of Fig, 4 an un-
shielded oscillator coil is mounted under-
ncath the chassis,

The transformers used to couple 1F stages
are basically coils tuned to a fixed frequency
—in broadcast receivers 456 ke. They are in
aluminum cans (Fig. 5 shows one cut away)
with Ings, clips, or fect by which they can
be mounted.

Sowme IF transformers 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 are there-
fore casier to align without a signal generator,

One final poiot to bear in mind when
buying coils: If you are building a receiver
with only a single stage of RF or 1F, yvou
need maximum amplification in cach stage.
You will get this plus greater selectivity by
using coils with iron cores.

Fixed and Variable Resistors

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

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

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

For AC-DC receivers and amplifiers,
%-awatt units are gencrally adequate in the
control-grid circuits of amplifier tubes. Plate
and screen circuits should get 1-watt re-
sistors, and cathode and filter circuits 2 watts
or more. Battery-operated cquipment can
generally get by with ratings half 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 any resistance between zero and the
maximum.

Variable resistors, now found chiefly in
the form of potentiometers, have a fixed car-
bou or wire-wound element and a moving
contact turned by a shaft. If yvou want re-
sistance to fnerease evenly in proportion to
shaft movement, specify a lincar-taper pot.
Because of tube characteristics, nonlinear
pots usually give more gradual control over
volume, tone, and bias. In logarithmic pots,
uwsually used for tone and volume controls,
resistance inereases at a definite but uneven
rate. In end-tapered pots, used for varving
tube bias, resistance “thins ont” at one end.

For the convenience of radio builders, the
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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, you can often
do vourself a favor by purchasing an extra
one at the time vou buy the potentiometer.
With two nuts vou can exactly regulate the
projection of the shaft in front 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
type. Taps on the secondary 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. 1f 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 vsually want a
transformer rated at 8 watts or more.

Tubes and Pilot Lights

Some people feel that radio tubes offer
the largest varietv of radio components.
Several catalogs list upward of 400 types.
This, however, need rarely worry the builder
who works from a parts list. The specifica-
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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 different 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-frequency circuits—
RF, converter, IF, and sometimes detector
stages—need 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, from left to right, sub-
miniature, miniature, bantam (GT), metal,
and glass dome (G).

Sometimes you want to duplicate a par-
ticular circuit in a smaller size. This is be-
coming increasingly possible with miniature
components. For example. the 50L6 beam-
power amplifier can be replaced with a
50B5 miniature.

Dial pilot bulbs become critical in AC-DC
sets, because they'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 types come with
both bavonet and screw bases to suit the
two socket tvpes (Fig. 12).
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Rubber Tips Insulate Chokes
WuEN 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 Life

A rew %” 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

SOLDERING LUG
AL " SAW OFF SPOUT

34¢ BRASS ROD
THREADED BOTH
ENDS

CLEAR PLASTIC
FUNNELS

Insulators Made From Funnels

I »MapE 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, lowa.
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Iron Plug Is Phone Terminal

AN oL 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.

Pointer Filed on Plain Knob

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

Radio Parts from
Your Serap Box

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

F YOU'RE a typical radio experimenter,
vou 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 you run into that situation, take a look
in your spare-parts box. You may not see
what vou're looking for, but perhaps vou’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 vou need a transtormer to match
the voice-coil impedance to that of the am-
plifier grid. The best bet is to use a recular
intercom transformer which has a secondary
winding in the neighborhood of 70.000
ohms. Lacking this. trv an ordinary output
transformer. sclecting the highest primary
impedance availiuble. Wire them as shown
in the lower sketeh of Fig. 1: black lines rep-
resent the parts added to those already in
the set.

The humble water socket has the mak-
ings of a test-point adapter (Fig. 2), The
water socket must be of the same base tyvpe
as the tube to he checked. Invert the socket.
push in the tube, and plug both tube and
test socket into the socket on the chassis. It
may be necessary to clip the prong slecves
on the wafer socket to allow the tube pins
to oxtend through. Bend back the solder-
ing lugs.

You may find vourself short of test prods
at a bad time. That's nothing to worry about
if you have two mechanical pencils around
the shop. These pencils make good substi-
tutes for prods (Fig. 3). Thev should have
plastic barrels. or vou may find vourself
holding a piece of high voltage. Make sure
that a good contact exists between the metal
fermle on top of the pencil and the metal tip.
Wedge the wire from the meter under the
craser cap or solder it on.

Coil Forms from Spools

An ordinary wooden pencil, by the wav,
will make a fine core for a high-frequency
choke. Such chokes are widely used in FM
and TV receivers and in other high-fre-
quency equipment. Leave the araphite in
the pencil: it takes the place of a powdered
metal core. Saw off a 17 piece and wind the
coil around it.

Other substitute coil forms can be sal-
vaged from flashlight batteries or a sewing
box (Fig. 4). In the former case. slip the
cardboard sleeve off the cell: in the latter
use a wooden spool from which the thread
has been removed. Finished coils will stay
neat longer it they are coated with liguid
coil dope.

Have vou ever thought of emploving a
power translormer as an output transform
er? Even a delective unit can be used at
times. In Fig. 5 a fairly common transtorm.
er type is shown in this unconventional ap-
plication. Using half the high-voltage wind
ing between the plate and B plus, and em-

2. Test-point adapter. casily made from wafer
tube socket, allows vou to check voltages at
the tube instead of turning chassis over.

3. Need a pair of test prods? “I'ry using me-
chranicad pencils, Be sure they have plastic bar
rels, tor the metal parts may be “hot.

1. Coil forms can be fmprovised from many
common objects. Windinss must. ol course, be
figured in relation to divueter of the form.
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5. A power transformer can be used in place
of an output transformer. It’s an expensive sub-

ploving the 5-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 you 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 audio transformer can be
made from two single-tube transformers if
they’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 experiment with others.

By juggling the filament windings on an
old power transformer made for 5-volt and
2.5-volt tubes, you can obtain 6.25 volts.
This means you can use the transformer in
a circuit employing modern 6.3-volt tubes.
Note, however, that you no longer have a
5-volt tap for the rectifier, so you’ll have to
use a 6X5 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 stuck for a filter choke. It may
occur when you 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 filament transformer is
a pretty good substitute. Lacking a filament
transformer, 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
transformer dodge. The photo shows a uni-
versal output transformer being used to feed
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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 may 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 number
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 flat 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 you much money, but
it will save a lot of time and energy. Obvi-
ously it doesn’t make sense to buy a $3 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, you won't lose anything by
putting it to work. If this makes it pos-
sible to finish the building or repair job
you're doing, it will often put you ahead
of the game. :



Two single-tube audio transformers make a
ne (lt replacement for a push-pull transformer,

5 and 3-volt tubes
used in modern circuits with 6.3-volt
This arrangement gives 6.23 volts.

s OI(I transformers for 2
an be
heaters.

9. Heater vohtage can be {umished in many
ways; one of the more unnsnal ones is to use an
mltpllt transformer. Test tap combinations.

Depending on transformer  make,

method  of

connection may vary; try diflerent combinations.

8. Filter chokes may be improvised from cither
filament or outpnt transtormers. One winding
isn't used; it can even be open or shorted.

| 13

10. Selecior switches are a cinch to make. A
conple of screws and o lat metad arm do the
trick. Use soldering lnes for the contacts.
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Parts lrom your scrap box........ 216
Parts, how tobuy. ...... ... ... 210
Parts substitutions .............. 71
Phono amplifier, onc-tube. ....... 96
Phono cartridge ................ 106
Phonograph. how to connect to set. 13
Phonograph oscillater ..., 99
Phono input, how to add. ........ 51
Phono motor, how to connect. .. .. 105
Phono oscillator, installing in rec-

ord player ............... .. 103
Phono pickups ... o oo 157
Pickup, how tomount. ........... 109
Pilot lamps ............ eeeeen.. 93
Portable receiver ... ... .. ...203
Power supply ............... ... . 42
Power supply, e ...l 67

Power supply. a.c./d.c,, how to test. 45
Power supply. arrangement of com-

ponents . ..... R e 17
Power supply. auto radio. .. .. L. 225
Preamplifier ........... hoo0000000 120
Punch, chassis. how to use........ 14

R
Radios, sce receivers
Receiver, anto .................. 225
Receiver layout ........... soooao D

Receiver, one-tube .............. 12
Receiver, portable ... ........203
Recciver, battery-operated ....... 203
Receiver, short wave.............215
Receiver, three-tube ............. 22
Receiver, two-tube .............. 18
Receiver wiring ................. 85
Record changers, high fidelity.....128

Record player cabinet...... ceeen 107
Record player, how to assemble. . .105
Record players ........ 0000000000 D

Rectangular holes, how to cut..... 64

Rectifier, setenium ..o oL 55
Resistor, ballast ................. 88
Resistor-condenser power supply
filter ... 42
Resistor, line, how to determine
vadueol .. ... ... i, .. 89
S
Screen bypass condenser....... ... 80
Sectional wiring ....... ... ... 42
Sclenium rectifier ... . L. 55

Series heater circuit, how to test... 44
Scries heater circuit, how to wire. .. 43

Short wave coils, how to wind. .. .. 218
Short wave receiver.............. 215
Signal generator ... 187
Soldering ... il 85
Speaker enclosures ... ... 142
Speaker, how to mount .......... 17
Speakers, multiple ..... ... ..., 139
Stylus pressure ............LL. .. 106
Substitution of parts........ ... .. 71
Superheterodyne, five-tube ... ... 35
Superheterodyne, six-tube ....... . 57
T

Template, how to use........... .75
Test equipment ........... 50000008
Three-tube amplifier ............ 11
Three-tube receiver ............. 22
Tips, tricks and shortcuts. .. ... 71
Tone control, how to add...... .. 69
Transformer, output, how to

mount ..... e e 40
Trouble location chart........ ... 33
‘Trouble shooting ......... 900000 9
Tubes, ballast ....... e . 91
Tuner, FN ... ... ............ 159
Two-tube receiver ........ veeen.. 18

\%

Voltmeter, a.c. ................. 183

Volume control, automatic....... 56

Volume control, bass compensation
BYE® cooco000000000000000 -.... 88

Volume control, how to connect... 87

w

Wiring, sectional method......... 42
Working voltage of condensers. ... 74












Ensoy the Tindl of
Sudlding Your Ouan Sezs!

1 to 6 Tube Receivers!
Short-Wave Sets!
Portable Radios!

FM Tuners!

Auto Radios!

Radio-Phono Combinations

5-Tube Hi-Fi Amplifiers!
1-Tube Hi-Fi Amplifiers!
Hi-Fi Pre-Amplifiers!
Speaker Enclosures!

ERFEEEE

INTERCOMS B

One-Way Intercoms!
Multi-Station Intercoms!

Volt-Ohm-Milliammeter!
Signal Generator!
Condenser Checker,
and More!

A GOLD-MINE OF HOW-T0-DO-IT 'PROJEC,TS DESIGNED TO
GIVE YOU ENDLESS HOURS OF PROFITABLE PLEASURE!




