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Radio
Set Building

OST Americans really enjoy doing things

with their own hands and co-ordinating their

workmanship with their own individual brain
power. That is why Americans have always been inter-
ested in radio construction. Recently set-building has
been growing in popularity, in leaps and bounds; at
least, that is how it is with Rapio NEws readers.

In fact, set-building as a hobby seems to have
engaged the interest of more radio fans recently than
at any time since the popular home-construction days
of 1924. People, young and old, are turning to
set-building at home to enable them to listen in to
short-wave transmissions from all over the world.
It is true that the increase of activity on the short
waves has had a lot to do with this revival of inter-
est, but it is also true that people want to build not
only short-wave sets, but sets that will bring in the
regular broadcast-band transmissions.

Realizing these needs of a large number of radio
experimenters who have been “steady customers” in
the more experienced set-building field as well as-
the thousands of new recruits who have been turning

to set-building during the past year. Rapio NEws
has specialized in the better designs incorporating
these latest principles. Our technical staff maintains
steady contact with America’s foremost designers in
the “How to Build” field.

Herein we are giving to our readers a number of
designs in different fields, some simple and some
more complicated. The Editors feel that these de-
signs are the finest that have been put before the
set-building public for some time and that they offer
the set-builder the chance he has been waiting for to
build a receiver really worth while and one that will
produce results in both distance reception and in
high quality of reproduction.

Rabio NEws’ policy of putting out blueprints of
its main designs will also be found to be a help to
set constructors, and as the list of available blueprints
grows, the Editors promise that efhcient receivers
for any kind of use and fitting any pocketbook will
te adequately covered. Follow Rapio NEws designs
in your experimental set-building, and you cannot
go far wrong!

The Pelham
(1-Tube Short-Wave Set)

THE circuit shown in Figure 1 is

a modern version of the “Junk
Box” circuit, made so famous by
Rapio NEws in 1928 and found to be,
by thousands of fans, one of the
most popular single-tube short-wave
sets.

It uses a standard set of triple-
winding, short-wave coils shown as
L1, L2 and L3. It has an antenna con-
denser, C1, for adjusting the antenna
frequency. This is placed on the base-
board. Another condenser, C2, the left-
hand control on the panel, is used for
tuning. It is very sensitive to adjust.
The third condenser, C3, which is the
right-hand control on the panel, is
used for controlling volume through
regeneration. The condenser, C4, is
the grid condenser, while resistance
R1 is the grid leak. Variable resis-
tance R2, which is the central upper
control on the panel, adjusts the fila-
ment current which should be kept as
low as possible consistent with good

results. The switch SW is the lower
central control on the panel and is
used for turning the set “on-and-off.”
The tube wused is a type-30 three-
element tube in the plate circuit of
which is found a choke coil, RFC, and
a condenser, C5, which act as a filter
to keep redio-frequency currents out
of the ’phone circpit so that the set
will not have “hand capacity.”

Going back to coil L1, this is the
antenna coil, while L2 is the grid coil
and L3 is the feed-back coil. ,

The set is powered by dry cells and
all that is necessary is two ordinary
bell-ring batteries, connected in series
across the two terminals marked A
(plus) and A (minus), where A (plus)
goes to the positive terminal and A
(minus) goes to the negative terminal.
A standard 45-volt B battery may be
connected to the plate power ter-
minals, B (minus) and B (plus), where
B (minus) is connected to the nega-
tive terminal and B (plus) to the

positive terminal. In the building of
this set, these four terminals are
brought out to binding posts on the
back edge of the baseboard, as are
also the two terminals for the antenna
and the ground. This may be seen
clearly in the photographic illustra-
tions, Figure 2 and 3. Two more bind-
ing posts are used for the phones.

In building the set, the first job is
to make the frame, consisting of front
panel and baseboard. Details and sizes
of this framework are shown in
Figure 4.

After the framework has been put
together with a good grade of glue
and small screws and given a coat of
shellac (if desired), the next job is to
mount the parts in their proper places.

The spacing for these is indicated in
the picture-wiring diagram in Figure
5. Two sockets must be obtained, one
is a standard four-prong socket (for
the tube) and the other a six-prong
socket (for mounting the coils).
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Otherwise follow the directions as wiring diagram, Figure 5. You can do When the set is finished it may be

shown in Figure 5 and in the phot-
ographs.

When all the parts have been mount-
ed in their proper places, the next
job is to conmect up the wiring, as
is also clearly shown in the picture-

it in about an hour, using flexible
cloth-insulated connection or hook-up
wire, obtainable from any radio dealer
or serviceman. Lugs should be at-
tached to the connections where they
end under the binding posts.

hooked up to the batteries, as already
described. An antenna of somewhere
between 50 and 75 feet is found to
give good results. It should be placed
as high up as it is possible to erect it.
A ground can be made to a suitable
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water pipe or gas pipe, whichever hap-
pens to be the most convenient posi-
tion, although, if there is a choice, it
should be tried out with a distant
station tuned in.

Parts List

Cl—Hammarlund S-plate midget variable con.
denser, .000025 mfd. with mounting lugs.

C2—Hammarlund 19-plate variable condenser,
.00014 mfd.

C3—Hammarlund 35-plate variable condenser,
.00025 mfd.

C4—Aerovox fixed condenser, .001 mfd.

C5—Aerovox fixed condenser, .001 mfd.

L1, L2, L3—Standard 3-winding, 6-prong,
short wave coils for the type —-30 tube.

R1—Carbon variable resistance, 3 megohms,

R2—Yaxley 30-chm rheostat.
RFC—Hammarlund type CH-8 r.f. choke, 8
millihenries, .
SW—Cutler-Hammer,

switch.

1 tgpe —-30 triode vacuum tube.

1 %)andard 4-prong socket for the type -30
tube.

1 St.alndard 6-prong socket for mounting s. w.
coils.

8 binding posts, suitably marked for con-
nections as shown in Figure §

Miscellaneous—wood screws, wood for base,
four gliders or mounting feet. hook-up wire,
etc.

*These coils can be obtained in sets of four.
They cover the various wavelength ranges in
steps about as follows: Coil No. 1 covers the
19, 25 and 31-meter bands. Coil No. 2 covers
from approximately this upper wavelength to
around 70 meters. Coil No. 3 goes from ap-
proximately 70 to 130 meters. Coil No. 4 goes

single-circuit toggle

5

somewhere from 130 to 200 meters. These
frequency ranges vary slightly with the make.

A standard set of 2000- or 3000-ohm
phones is suitable for use with this re-
ceiver. Tuning is accomplished with
condenser C2, after an approximate
setting of condenser Cl for the aerial
used. Regereration is controlled with
condenser C3. It should be rotated to
the point just below the “oscillation
point” for maximum loudness. When
a station is tuned in, condenser C1
can be readjusted for best results.
A slight variation of C2 may have to
be made after adjusting the other two
condensers.

Switch SW turns the set on and off.

The Skyseraper
(3-Tube T. R. F. Short-Wave Receiver)

THE advantages of a really good

stage of r.f. amplification, ahead
of a regenerative detector are not
fully appreciated by the average short-
wave constructor., The outstanding
ability of some commercial receivers
is widely recognized but as a rule
the home constructor has not been
very successful in applying r.f. tubes
in regenerative receiver circuits. The
outstanding reason for this failure
has been the lack of proper shield-
ing and filtering, and a contributing
cause has been the use of coils of
unsuitable design,

In the “Skyscraper” receiver the
single stage of tuned r.f. amplification
provides decidedly worthwhile gain
and at the same time is absolutely
stable. These advantages have been
gained through careful attention to
design details. First of all the parts
employed were carefully selected to
avoid losses; then these parts were laid
out in such a way as to keep leads
short and avoid undesirable coupling.
Finally the shielding was planned to
provide maximum isolation of the r.f.
and detector stages, at the same time
introducing as little loss as possible.
(Some loss is always introduced by
the metal mass of shields.)

The tuned r.f. stage, as used in this
receiver, provides greatly improved

selectivity, as would be expected from
the addition of another tuned circuit.
The control of regeneration is made
much more consistent and stable, due
to the presence of the r.f. tube which
acts as a buffer ahead of the regenera-
tive circuit and thus prevents antenna
absorption. Thus several distinct ad-
vantages are gained through the use
of the r.f. stage.

At first glance at Figure 6, it may
seem that an unnecessarily large num-

ber of controls are included on the
front panel. If this receiver were
designed exclusively for the use of
inexperienced short-wave listeners this
would perhaps be true. However, for
the experienced “ham” or short-wave
broadcast fan each one of these con-
trols will be found to offer a definite
advantage, as will be seen from the
following description of their func-
tions,

The two vernier dials control the

Figure 6
Lower Left

Figure 7
Lower Right

Figure 8
Upper Right
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tank condensers of the r.f. and de-
tector stages. These are the band-
setting condensers (C3 and C4) and
are employed only in bringing the cir-
cuits into resonance at the particular
range in which it is desired to tune.
The illuminated drum dial at the left
is the band-spread tuning control.
This controls the two small con-
densers C1 and C2 which are ganged
on one shaft. The actual selection of
individual stations is accomplished
with this control and tuning is there-
fore “single dial” after the tank con-
densers have once been set for any
desired range. Above the r.f. tank
control is a vernier (C5) the purpose
of which is to permit such slight
variations of the r.f. tuning as may
be necessary to maintain exact res-
onance when tuning through wide
ranges with the band-spread control,
and to make the tank dials read alike.
This condenser is not absolutely es-
sential but will be found helpful, due
to the sharp tuning characteristics of
the r.f. circuit.

The three knobs along the bottom
control sensitivity and volume. At the
left is the audio-volume control, in the
center the regeneration control and at
the right the r.f. gain control. The
reasons for employing both regenera-
tion and r.f. gain controls will be ex-
plained later.

The tubes employed are all of the 6-
volt heater type. These have several
features which make them preferable
to the 2V%2-volt type. They may be
operated (in parallel) from either a
storage battery or a 6-volt transfor-
mer winding; or their low current
drain makes it practical to operate
the filaments in series from a d.c. line,
using a suitable series voltage drop-
ping resistance and a shunt across each
of the .3 ampere filaments to by-pass
the extra current required by the
heater of the type —41 tube. When op-
erated on alternating current the hum
level is very low-—considerably lower
than with equivalent tubes of the 2V2-
volt heater type.

As this receiver is designed, the
heaters are connected in parallel for

operation from a 6-volt a.c. source or
a storage battery. For the high vol-
tage supply either B batteries or a
power pack may be used. In either
case only one high-voltage lead is
needed, as a voltage-divider network
is included in the receiver, and the
tubes are all self-biased. If the receiver
is to be operated permanently from B
batteries, the voltage-divider resistor
R4 may be eliminated and the poten-
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tiometer, R2, connected across a 45-
volt section of the battery if desired.

If complete freedom from hum is to
be obtained when operating from the
a.c. line it will be necessary to em-
ploy a power pack having a good
filter. An inexpensive power pack
suitable for this use is described
elsewhere in this book. This power
pack will supply both the high volt-
age and the heater voltage and will
permit absolutely humless operation.

The excellent operating characteris-
tics of the “Skyscraper” are accounted
for to a considerable extent by the
coils employed. These are the new
Hammarlund plug-in coils in which
XP-53, a newly developed dielectric,
is employed for the forms. This new
material rates among the best, yet is
sufficiently inexpensive to permit the
coils and forms to be marketed at
ordinary prices. The XP-53 is moulded
in the shape of a ribbed form which
permits air spacing of the windings.
The windings themselves are carefully
designed for maximum efficiency, with
proper attention to the kind of wire
(silver-plated in the case of the high-
frequency coils), wire sizes, turns
spacing, form factor, coefficients of
coupling, etc. With the receiver in
operation different types of coils were
tried and the selection of the Ham-
marlund coils was based on the fact
that with them greater signal strength
was obtainable on test stations than
with any of the other coils tried. it
was rather surprising that so much
difference was actually found among
the standard coils of recognized
makes.

In addition to the efficiency of the
coils themselves, the frequency ranges
covered have been selected to provide

Figure 10

PHONES OR MAGNETIC SPEAKER
DYNAMIC SPEAKER <-----._ \

CABLE PLUG

’
/

T |

THESE NUMBERS
, COINCIDE ON
TOP AND
BOTTOM
VIEWS
INDICATING
CONTINUOUS
CONNECTIONS

W AT

|

- 1
U ~» oo




1935 RADIO MAN'S GUIDE

the most favorable L/C ratios on the
more important short-wave bands.
Thus all of the amateur bands and
the broadcast bands are tuned in at
low capacity settings of the tank con-
densers—a condition which provides
for the highest signal voltages and
therefore the greatest signal strength.

Constructional Details

The special “Skycraper” chassis is
1214 inches long, 7 inches wide, and
314 inches deep, over all. This chassis
is formed by bending down the four
sides to make a complete enclosure
with an open bottom. The two box
shields are each 44 inches wide. 6%
inches long, and 6 inches high. These
boxes are built up on special corner
posts. These are of triangle cross-sec-
tion and are drilled and tapped on
two sides and on both ends. The
walls and tops of the shields are of
plain aluminum and are drilled to
correspond with the holes in the cor-
ner posts. (Figures 7 and 8.)

Space did not permit including com-
plete construction and drilling layouts
for the chassis and shields in this ar-
ticle. However, such drawings have
been prepared and are available, from
the Rapio NEws blueprint department,
in full size blue print form, at a price
of 25¢c. These drawings include detailed
specifications for the location and sizes
of all drill holes, etc.; also a
full-size enlargement of the picture
wiring diagram shown in Figures 9
and 10. The circuit diagram is shown
in Figure 11.

In the construction of the receiver,
the coil and tube sockets are mounted
first and the entire chassis is wired
without the metal shield cans in posi-
tion. Sub-chassis mounting is employed

o]

t_ CHASSIS

Figure 12

r.f. chokes, RFC1-RFC2, is mounted
in a small shield can placed under the
chassis directly beneath the detector
coil socket. The screw type conden-
ser C6 is actually an auxiliary
regeneration adjustment but once set
may Dbe forgotten. In the particular
unit employed in this model receiver
(8 is also a compression type con-
denser but a fixed condenser will serve
as well.

After the chassis has been wired,
the shield boxes should be placed in
position and the drum dial and tuning
condenser mounted as shown in Fig-
ure 12. Note that the two short
lengths of shaft, one between the con-
densers and one between C2 and the
drum dial are of bakelite. In addition
to avoiding one possible source of
coupling between the r.f. and detector
stages, the bakelite shaft will not in-
troduce noise, as would a metal shaft
should it rub against the shields at
the holes through which it passes. The
condensers and the shafts are con-
nected by means of two solid coupl-

7

tuning condensers are mounted on
posts fastened to the front of the
shield cans instead of by means of the
front bushing.

Parts List

Cl, C2—Hammarlund
type MC-20S, 20 mmfd.
, C4—Hammarlund midget condensers, type
MC-140M, 140 mmfd,

midget condensers,

CS—Hammarlund midget condenser, type
MC-35S, 35 mfd. .
C6—Hammarlund  adjustable padding con-

denser, type MICS, 70-140 mmfd.

C7, C8, C9—Aecrovox type 1460 mica conden-
sers, .0001 mfd.

Cl10—Aerovox tubular paper by-pass condenser,
.01 mfd. 400 volts

Cll—Aerovox can type paper condenser, 1
mfd., 200 volts,

C12—Aerovox type PB-25 cardboard elec-
trolytic condenser, 10 mfd. 25 volts.

C13, Cl4, C15—Solar mica condensers, .01

d

mfd.
CH—Thordarson a.f. choke, type T-2927
Ll—Hammarlund 2.circuit, 4-prong plug-in
coils (4 required).
L2—Hammarlund 3-circuit,
coils (4 required)
R1—Electrad potentiometer, 25,000 ohms
RZ——EI])ectrad potentiometer, 50,000 ohms, type

6-prong  plug-in

205-

R3—Electrad potentiometer, 500,000 ohms

R4—FElectrad voltage divider, type B, 50,000
ohms, 25 watts

R5—100,000 ohms, 5 watt

R6—250 ohms, V2 watt

R7—+4 megohms, 2 watt

R8—.5 megohm, 75 watt

R9—Electrad Truvolt resistor, 700 ohms, 10
watts (l-watt resistor suitahle)

RFClI—Ilammarlund r.f. choke, type CII-8, 8
millihenries

RFC2—Hammarlund r.f. choke, type CII.X,
1.2 millihenries

SW—Toggle switch, d.p.s.t.

T—Thordarson  output transformer, type
T.6806, single-pentode primary, 10-ohm and
2000-ohm secondaries

1 Hammarlund isolantite 4-prong socket, type
S-4 (for coil L1)

3 Hammarlund isolantite 6-prong  sockets,
type S-6 (for 6C6 and 6D6 tubes and
coil L2)

1 Eby wafer socket, 6-prong (for ~41 tuhe)

1 Blan the Radio Man “Skyscraper’ chassis
assembly  consisting of  chassis, 2 box
shields and dial panel
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The “Skyseraper” Power Pack
(For Small Short-Wave Sets)

THE power pack shown in Figures
13 and 14 can be used for convert-
ing any type of battery-operated
receiver to full a.c. operation—provid-
ing the receiver employs 6-volt tubes
(and not more than five of these). The
6.3-volt filament winding on the trans-
former is designed to deliver not more
than 1.5 amperes. It is this fact that
limits the use of the power pack to
receivers in which the filament current
required does not exceed this figure.

This unit supplies the necessary
plate voltage and the filament voltage
for the type —80 rectifier and the
receiver. The plate supply is 220 volts
at 25 ma., and varies somewhat above
or below this figure for receivers hav-
ing smaller or greater current drains.
While the high-voltage secondary of
the power transformer is rated at 340
volts (55 ma.), this value is, of course,
too high for the plate supply of the
type of receivers with which the power
pack is to be used. Power transfor-
mers having a rated output of less
than 300 volts are difficult to obtain,
and the solution of the problem of
using a high-voltage transformer to
supply a lower voltage lies in simply
eliminating the condenser ordinarily
employed across the output of the rec-
tifier and ahead of the first filter
choke. Reference to Figure 15 shows
the filter circuit employed. Cl1 and C2
are the filter condensers of 8 mid.
each. C6 appears in the circuit in the
position usually occupied by the first
filter condenser. In this case, however,
this condenser has the value of only
.006 mfd. and is used in conjunction
with the choke (RFC) as an r.f. filter
—a material aid in eliminating so-called
“tunable” hum.

The voltage divider R2 is provided
with three adjustable intermediate taps
so that three different output voltages
are available where needed. In the case

Fig. 13—Top Fig. 14—Bottom

of the “Skyscraper” receiver there is a
voltage-divider network in the receiver
itself, therefore only the high voltage
and negative leads need be brought
out to the receiver, However, the
socket type output terminal of the
power pack is one of the 6-prong type.
When used with the “Skyscraper,” a
6-prong cable plug is employed, but
there are only four wires in the cable,
the prongs corresponding to two of
the intermediate taps of the voltage
divider being left unconnected. Where

the power pack is intended for per-
manent use with the “Skyscraper” or
with any other receiver having a built-
in voltage divider, by-pass condensers
C4 and CS5 can be eliminated. Also
R2 can be eliminated, entirely, if the
voltage-divider network in the re-
ceivers is adjustable to permit obtain-
ing the proper plate voltage for the
tubes. If not adjustable it will be found
desirable to employ the voltage di-
vider, R2, to reduce the output volt-
age of the power pack, adjusting tap
A (Figure 15) until the correct plate
voltage required by the receiver is ob-
tained.

The 6.3-volt winding of the trans-
former T is center-tapped, the center-
tap being connected to the B— terminal
in the wiring. For this reason the fila-
ment wiring of the receiver should be
completely isolated, electrically, from
all other circuits. When using the
power pack with receivers which have
heretofore been battery-operated, the
filament wiring should be checked over
carefully to make sure that it connects
to no other circuits. Also, if it doesn’t
already consist of a twisted pair, the
circuit should be rewired in this man-
ner. If this precaution is followed,
humless operation will be obtained
even though the receiver include a re-
generative circuit.

The details of construction are
clearly shown in Figures 15 and 16. In
Figure 16 the front and rear sides of
the chassis are shown in a flattened
out position to clarify the wiring. All
leads from the power-transformer are
brought down through the two holes
marked T, Figure 16, These leads are
color-coded as shown.

Parts List

C1, C2—Aerovox 2-section electrolytic conden-
ser, type GG, 8-8 mfd, 450 v.
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C3, C4, C5—Aecrovox 3-section electrolytic con-
denser, type GGG,4-4-4 mid, 450 v.
C6—Aerovox mica condenser, .006 mfd.
CH1, CH2—Thordarson choﬁea. type  T-4402
RFC—Hammarlund r.f. choke, type CH.X
Rl1—Electrad center-tapped ﬁ’lament resistor,
30 ohms .
R2-—FElectrad, type C-200, Truvolt voltage di-

The Trophy Winner
(4-Tube Short-Wave Set)

HE “Trophy-Winner”, shown in

Figure 17, bridges the gap between
the small and large short-wave sets.
It employs four tubes, including the
rectifier; the highly efficient a.c.-oper-
ated pentodes make it possible to re-
ceive foreign short-wave stations on
the loudspeaker. The parts are avail-
able in kit form, which comes with
complete instructions, requiring no ex-
perience to assemble and wire.

The receiver covers the range from
15 to 200 meters in four overlapping
bands, employing plug-in coils of
special design. Ranges for the in-
dividual coils are: 15-36 meters, 34-65
meters, 62-115 meters and 110-200
meters.

Figure 18 shows a schematic diagram
of the circuit with the values of con-
densers and resistors. The set employs
a -58 type tube as an untuned radio-
frequency stage, a —57 as a regenera-
tive detector and a 2A5 as output
stage; the rectifier is a type —80.

The untuned radio-frequency stage
adds considerably to the sensitivity
of the set. However, it serves another
very important function in that it
isolates the regenerative detector from
the antenna, thereby preventing radia-
tion when the detector is oscillating.
Such a blocking tube is highly desir-
able with regenerative sets for without
it receivers of this type create inter-
ference over large areas.

The -57 is at present the most sensi-
tive tube available for detector service;
it is used here in a circuit which has
proven to be highly satisfactory. Re-
generation is controlled by varying
the screen voltage because this method
has the least effect on the tuning.

Now we come to the tuning arrange-
maents. There are two condensers used
in the tuned circuit: a 140 mmfd. main
condenser and a 20 mmfd. vernier or
trimmer. These two condensers can be
hooked up in two ways. In the stan-
dard model, the larger condenser is

Figure 19

vider, 20,000 ohms, 50 watts; with 3 ad-
justable intermediate taps
) —Toggle switch, s.p.s.t.
T—Thordarson wer transformer, type T-
5472; sgecondaries 340-0-340 volts (55 ma.),
5v (2 amps.), 6.3 v. (1.5 amps.)
1—Eby 4-prong socket, type 12
1—Eby 6-prong socket, type 12

1—Eby 6-prong cable plug, male
1—6-conductor cable

1—Line cord and plug .
—*Blan the Radio Man" drilled chassis, type

RN-12. 8% inches long, 4% inches wide
and 2% inches high
1—Rubber grommet (34 inch) for power cord

hole in chassis

Fig. 17—Left
Fig. 18—Below
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controlled by the main tuning dial and
the smaller condenser serves as a trim-
mer for the fine adjustments. The
special model employs the same con-
densers but the smaller one is con-
trolled by the main dial and the large
condenser occupies the lower position
on the panel, thereby serving as a
band-getting condenser. This arrange-
ment allows continuous band-spread-
ing. Amateurs and other who wish to
spread certain bands can use this sys-
tem to advantage.

Special 6-prong plug-in coils have

been designed for use with the
“Trophy-Winner.” They have three
windings: primary, secondary and
tickler.

The output stage can deliver ample
power for a dynamic or magnetic
speaker. As shown in the diagram,
two sets of output terminals are sup-

plied. Those marked “H. 1.” (high im-
pedance) are connected directly to the
tube through a blocking condenser.
The primary of the output transfor-
mer then serves as choke. These ter-
minals should be used for a magnetic
speaker or for headphones. The secon-
dary of the transformer connects to
the other set of terminals. These
should be used for a 10 ohm voice coil.
A special a.c. operated dynamic
speaker is available for use with the
set.

The power unit is connected to the
set through a 8-wire cable and a 6-
prong plug. Each filament lead con-
sists of two wires in parallel, so as
to minimize losses in the cable. The
power line itself is fed through the
cable, connecting to the on-off switch
on the receiver panel. This concen-
trates all controls at one point.

An A.C.=D.C. Midget

(4-Tube Broadcast Receiver)

FIGURE 19 shows a 4-tube receiver

that takes advantage of the good
features of the new 25Z5 rectifier tube.
The receiver operates on 110 volts,
either a.c. or dc, line supply. By

means of a switch the rectifier can
be used either as a voltage doubler or
as a regular half-wave rectifier. In
one position of the switch the plate
voltage is approximately equal to that
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Figure 20
of the line and it can be used this diagram was found satisfactory.

way on either a.c. or d.c. supply. With
the switch in the other position and
the receiver plugged into an a.c. line
the voltage doubling feature is em-
ployed and a voltage approximately
double that of the line is available.
The circuit is shown in Figure 20.

It is very important that in chang-
ing from d.c. to a.c. light lines to turn
off the line switch before setting tum-
bler switches S1 and S2 at the required
position. Otherwise there will be a
heavy drain through the 25Z5 tube
which will damage the tube perma-
nently. So, for the sake of safety,
always set S1 and S2 at proper posi-
tions before turning on the power.

The receiver chassis is one of the
smallest found on the market; its
dimensions are 9 inches by 414 inches
by 114 inches high.

To obtain a maximum output from
this receiver an outdoor aerial 60 ft.
in length is recommended. With an
aerial of this size the probable output
of this receiver when operatinig on a.c.
light lines is on the order of 3 watts.
This latter value will answer the
demand of any household.

Considering the results obtained
and the low construction expenses,
this receiver (in saving an additional
stage due to the voltage doubling cir-
cuit) should prove to be an additional
zource of income to custom set buil-

ers.

Construction Data

Specifications for cutting and drilling
the chassis are shown in Figure 22.
Any equivalent layout chassis will an-
swer the purpose. If this is not avail-
able, an Electralloy (radio metal) 16
gauge piece 9 inches by 814 inches
will suffice. Before bending the piece
along lines 5/16 inches and 1}% inches
from both sides as illustrated in the
mechanical layout diagram, it is neces-
sary to cut, with a cold chisel, an open-
ing for mounting the speaker. In the
case of the Beaudette speaker, the
space shown by the mechanical layout

However, for a different manufactu-
rer's speaker, a different cut may be
necessary. The speaker is mounted on
two 114 inch studs and fastened to
the chassis by means of 8-32 machine
screws and nuts.

The three-gang variable air conden-
ser C is placed on the extreme right
as shown in Figure 21, and the proper
hoeles necessary for mounting are in-
dicated in the mechanical layout
diagram. The volume control, R, is
located at the extreme left. An L-.
shaped bracket provides the necessary
mounting for it.

The high gain unshielded interstage
coil L2 is mounted on top of the chas-
sis between 6C6 tube and the 78 r.f.

1935 RADIO MAN'S GUIDE

tube. This interstage coil as recom-
mended in the list of parts i1s RFB
No. 4 interstage coil of General Man-
ufacturing Co. of Chicago. However,
in this case, as well as in any other,
electrically equivalent parts from other
reputable manufacturers can easily be
substituted. A large hole underneath
this interstage coil provides a conduit
to the leads. (See Figure 22.)

The preselector coil L1 is mounted
on the bottom of the chassis as shown
in Figure 23, directly underneath the
three gang variable air condenser C.

The dual dry electrolytic condenser
Cl11, C12 can be easily mounted on
top of the chassis between the three
gang condenser and the dynamic re-
producer.

No ballast resistor is used in this
design. A resistor built in the line cord
is used to bring down the line voltage
to the required heater voltage. It is
more satisfactory than a ballast re-
sistor mounted in the chassis as it ex-
cludes the excessive heat from the
chassis, thereby minimizing the dam-
age to the receiver parts and afford-

ing a larger ventilating surface for this
heat.

List of Parts

C—General Instrument 3 gang variable air
condenser, counterclockwise type, 365 mmfd.

Cl1—Solar high grade mica condenser, 0.001
mfd., 300 volt peak. .

C2, C3, C7—Solar tubular paper condensers,
0.1 mfd., 300 volt peak. .

C4—Solar tubular electrolytic condenser, 10
mid., 35 volt peak.

C5—Solar high grade mica condenser 0.0005
mfd., 300 volt peak.

C6—Solar tubular paper condenser, 0.03 mfd.,
300 volt peak.

C8—Solar tubular electrolytic condenser, 25
mfd., 35 volt peak.

C9—Solar tubular paper condenser, 0.006 mfd.,
300 volt peak.

C10—Solar dry electrolytic condenser, 8 mid..
300 volt peak.

Cl11, C12—Solar dry electrolytic dual condenser
16—16 mid., 220 volt peak.

C13—Solar tubular paper condenser, 0.05 mfd.,
175 volt peak.

R—Clarostat 250,000 ohm potentiometer with
line switch.

Figure 21
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[ R6 C40
R1—Micamold resistor, 300 ohms, 15 watt.
2, R5—Micamold resistors,” 0.5 megohms, 1} R4 R3 c4
watt. 0000
R3—Micamold resistor, 15,000 ohms, 33 watt.
R4—Micamold resistor 0.25 megohms, watt.
R6—Micamo'd resistor, 0.1 megohms, watt. S1—Arrow, Hart & Hegeman d.p.d.t. tumbler 1 Insuline “Electralloy’ chassis, 9 inches by
R7—Micamold resistor, 500 ohms, 2 watts. switch. 414 inches by 1% inch high.
R8—Micamold resistor, 2 megohms, 15 watt. S2—Arrow, Hart & Hegeman d.p.s.t. tumbler 1 Crowe plate for volume control.
R9—Gavitt line cord with built-in resistor, 170 switch. 1 Crowe plate for station selector.
ohms, 20 watts. Eby six-prong sockets. 2 Kurz-Kasch knobs for volume control and

R10—Electrad wire wound vitreous enameled
resistor, 2000 ohms, 10 watts.

L1—Gen Ral C X 100 D preselector coil.

1.2—Gen Ral RFB No. 4 interstage coil.

L3—Kenyon, 20 henry, 300 ohm, 60 milli-
ampere choke.

type =78 tube.

type 6C6 tube.

type —43 tube.

type 25Z5 tube.

Beaudette dynamic reproducer, S-inch di-
ameter, field resistance 3000 ohms.

b

station selector,

tube shield.

grid caps.

antenna reel 25 feet long.
roll of solid hook-up wire.
cabinet.

—— iy —

The All Star Senior
(6-Tube All-Wave Receiver)

HE “All-Star” has a f{requency

range of from 10 to 550 meters
(30,000 kc. to about 550 kc.), without
gaps.

It is completely band-spread for all
frequency bands within its usable spec-
trum. These bands can be adjusted
quickly for any particular band by set-
ting two dials. Each band chosen is
automatically spread over 270 degrees

Figure 24

on the central tuning control (which is
of the airplane fine-pointer type).
For any given band, once set, the
tuning is thereafter single-controlled
through that band and the operator
can come back to the same band by
again setting two dials to the proper
logging. Tracking errors and misalign-
ment are therefore eliminated. The
reason for this is that there is an in-

itial separate control to be made for
the first detector and for the oscillator
tuning.

Three sets of coils are used to cover
the short-wave band from 10 to 100
meters. Optional and additional coil
equipment is available and consists of
a pair of coils for 100-200 meters and
two pairs of coils for the broadcast
band. These coils can be easily in-

Figure 25
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Figure 26—Center

Figure 27—Above

Figure 28—Bottom
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serted without the nuisance of remov-
ing shields necessary in some earlier
types of sets.

The receiver was designed by ex-
perts who have specialized in laying
out sets to be built by radio enthusi-
asts of small experience. Practically no
technical knowledge is necessary to
build it. An actual test has shown
that it can be assembled and wired
in less than three hours by a person
who has only a speaking acquaintance
with a screw-driver or a soldering iron.
There are no adjustments or calibra-
tions to be made after the set has
been correctly put together and wired
for operation. The front panel and
sub-base may be obtained completely
drilled for the mounting of the speci-
fied parts. No other drilling, filing or
fitting is necessary.

The set is to be used with a stan-
dard dynamic loudspeaker having an
input transformer for a 2A5 output
pentode and having a field winding of
2500 ohms and connected to a four-
prong loudspeaker socket. This is also
obtlainable through regular trade chan-
nels,

Looking at the front view of the
panel, Figure 24, we see (at the lower
left) a control for volume; turning it
to the right, it increases the volume.
The next knob in line is the oscillator
“tank” condenser with its own scale,
from 0-100, for logging purposes. Next
in line, to the right, is the detector
“tank” condenser, also with its scale,
from 0-100, for logging. The extreme
right-hand dial is the combination “on-
off” switch and tone control, which
is useful in lowering static noise when
the noise level is high. The central
dial is the single-control, band-spread
dial set in 0-100 divisions, to actually
cover a rotary range of 0-270 degrees.

Looking at the rear view of the set,
Figure 25, we see (at the left) the
power transformer, in front of which
stands the rectifier tube. Next to this
are the three tubular electrolytic filter
condensers. Next (to the right) we
can see the oscillator and detector
coils, in their sockets, separated by an
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electrostatic metal shield. Next in line
is the gang condenser, attached to the
airplane-type dial and in front of which
stands the 2A5 output tube. Alongside
of this tube is the audio-frequency
transformer and to the right of this
stands the shielded -56 second de-
tector tube, with its shielded third i.f.
transformer. In back of these two we
see the second i.f. —58 tube and trans-
former in reversed positions. In back
of this we see the first i.f. —58 tube
and transformer again in reversed posi-
tions. Directly in back of the audio-
frequency transformer, we see the
shielded 2A7 tube, which serves as
first detector and oscillator. At the
back of the chassis is seen the power-
cable-and-plug extension, the three

binding posts, for the doublet antenna
and ground, and the four-prong socket
for the loudspeaker. A simple but effi-
cient-looking lay out — anyone will
agree.

Looking at the bottom view of the
receiver, Figure 26, we see (at the left)
the choke-coil assembly and the instru-
ments connected to the front panel
controls, as well as the distribution
of the sockets, the resistors and the
filtering condensers. Notice that prac-
tically all of the wiring is done below
the sub-base and that it is simplicity
itself. The circuit diagram is shown
in Figure 28 and a pictorial wiring
diagram in Figure 27

A complete foundation kit, consisting
of a drilled and punched metal base

13

and panel for the All-Star Super-Six
six-tube superhetrodyne circuit has
been prepared and distributed through-
out the trade for your counvenience
and will cost you but $2.50. Next you
will want complete instructions for
building the set. These can be ob-
tained by writing to Rabio NEws, care
of the Blueprint Department and ask-
ing for the complete four-page de-
scriptive folder including a large-size
schematic-wiring diagram, a large-size
pictorial-wiring diagram, a complete
parts list, complete instructions for as-
sembly, instructions for wiring, in-
structions for final adjustments and
tuning. This will be sent you free
of charge.

A High Fidelity Receiver
(8-Tube T. R. F. Broadcast Set)

NDIVIDUALS differ in their idea

of the “perfect” receiver. Some
want the best of quality and never
listen to anything farther away than
50 miles while others want to receive
stations from the Antipodes regard-
less of quality. The designer of the
set illustrated here wanted to build a
receiver which would have the best
tone quality possible within a price
range of approximately $100. Inciden-
tal requirements were attractive ap-
pearance and ease of operation,

Most people do not like to get up
out of a comfortable chair to change
the tuning of the receiver or adjust
the volume control. Although it is
possible to have a remote control con-
veniently placed, this system has its
complications. It was therefore de-

Figure 29—Right

cided to separate the loudspeaker from
the set, o place the receiver where it
would be convenient to tune, and lo-
cate the loud speaker where it sounded
best. This arrangement also eliminates
one source of microphonism.

For high fidelity it is undesirable to
have too much selectivity, and there-
fore no attempt was made to reach
any greater degree of selectivity than
was necessary for adequate separation
of “local” stations.

So it was decided to employ a t.r.f.
circuit, a diode detector and as few
audio stages as possible with an out-
put stage of Class A triodes in push-
pull (See Figure 30). The r.f. section
consists of three tuned stages employ-
ing the 58 type tubes. Sensitivity is
controlled both in the antenna and in

Figure 30—Below
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Figure 31—Left

the cathode circuit of the first two
stages. It is essential that a good po-
tentiometer be used here in order to
avoid noise. All plate, screen and cath-
ode circuits are filtered.

Since the diode detector places quite
a load on the circuit, the selectivity of
this stage is usually so poor that an
untuned circuit can logically be em-
ployed. The three previous stages give
satisfactory selectivity to receive the
best local station and more was not
required.

There have been receivers which
used untuned stages and some of the
transformers can still be picked up.
The transformer employed in this re-
ceiver was a DeForest D2 iron core
r.f. transformer. After several others
were tried this one was found to give
the most even response at frequencies
between 550 and 1500 kc.

The triode section of the 55 tube
serves as the first audio amplifier. It
works at a fixed bias and is coupled to
the output stage by an Amertran D21
input transformer. The transformer
primary does not carry the plate cur-

rent; a shunt feed arrangement being

employed. Note that the cathode cir-
cuit is bypassed by a 10 mfd condenser
and that resistance-capacity filters are
employed in grid and plate circuit.

When the phonograph is used, it is
necessary to cut in an extra audio
stage. This is accomplished by SW2
(Figure 30). The switch is a four-pole-
double-throw Yaxley switch. It
changes the input and output of the
56 stage and also turns on the 56 fila-
ment. There is then a second switch to
change over from radio to phono-
graph (SW1). Since the volume of
radio programs is regulated by a con-
trol in the r.f. amplifier, a second
volume control is incorporated in this
second a.f. stage. With this system of
switches it is possible to add one a.f.
stage when receiving radio programs
—by moving SW2 only—but this is
not needed.

The output stage is quite conven-
tional except that the bias resistor is
adjustable so one can set it for mini-
mum harmonic distortion. The output
transformer is a Jensen, the one that
comes with the speaker. It is mounted
inside the set, and 20 foot leads run to
the voice coil.

The power pack is also quite conven-
tional. The power transformer is an
Amertran WAJ321, the chokes are
Thordarson and the condensers are
made by Aerovox. However, other

Figure 32—Above

makes of good quality can be substi-
tuted.

The construction of the set itgelf as
shown in the photographs (Figures 31
and 32) includes some noteworthy
ideas. The chassis carries a pair of
steel brackets on top. These serve as a
stand when the set is turned upside
down so that one can work on it
without hunting for supports to fit the
irregular height of various parts above
the chassis.

It will be noticed in the rear view
that the power tubes and rectifier hang
upside down. This was done to keep
the heat of the tubes away from the
electrolytic condensers and yet have
the connections short.

The speaker is a Jensen type M-10
auditorium speaker with an a.c. field.
This speaker had to be supplied with
a baffle large enough and yet reason-
ably good looking.

Figures 33 and 34 and the photo-
graphs, Figures 29 and 35, show how
this was accomplished. The speaker
has been mounted in an inclined posi-
tion and the baffle consists of four
pieces of celotex, cemented together.
The odd angles are clearly shown in
Figure 33 and in the illustrations. This
celotex baffle was placed into a wooden
cabinet, but insulated from it by strips
of sponge rubber. The cabinet is not
a square box but the opening at the
back is much wider than at the front.

The speaker itself was bolted to a
piece of wood having the proper slant
to fit against the inclined baffle. This
wood rests on a sponge rubber mat
which in turn is fastened to the
wooden blocks below. The speaker it-
self is thereby mechanically insulated
from the cabinet. This is shown in
Figure 34.

The cabinet is constructed of ap-
proximately 34-inch oak. It is 48 inches
wide at the rear, 34 inches wide in
front, 3214 inches high and 18 inches
deep. The special baffle is cut to order
and cemented, the cabinet finished in
black and the celotex given a coat of
gold paint.
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Servicing and Laboratory

Instruments

Ohmmeter Design

HE chart in Figure 37 is a table

of values for the construction of
ohmmeters with various ranges from
.1 ohm to 50 megohms, using meters
usually found on the experimenter’s
bench. They are listed by center scale
reading, instead of range; because the
portion of the scale, where accurate
readings may be obtained, of any
ohmmeter, is from about .3 to 3 times
the center-scale reading. The useful
portion is from about 1 to 10 times
the center-scale reading where addi-
tional inaccuracy of about 4 per cent
will be introduced, due to error in ad-
justing the pointer to the ends of the
scale, and errors in reading. The por-
tion that may be used for approximate
indications, from about .02 to 50 times
the center scale reading, where addi-
tional error of about 24 per cent will
be introduced, the increase in error
being caused by the decrease in the
size of the divisions, and the decrease
in the distance to the ends of the scale.
Obviously an ohmmeter is almost
useless beyond these limits, unless
a laboratory type meter with a long
scale is used, and then very little can
be gained, compared to the increased
accuracy made possible by the incorp-
oration of additional ranges.

It can be seen from the above, that
a manufacturer conveys little informa-
tion when he states that his ohmmeter
has a range of 0-500,000 ohms, for ex-
ample; as the center scale reading
might be anything from 5,000 to 20,000
ohms, with almost any accuracy from
6% to 30% or worse. When we say,
“This is a 1,000 ohm-per-volt meter,
reading 0-100 volts d.c. 2%”, we know
guite definitely what to expect from it.
Had we known that the movement
only was accurate to 2%, but knew
nothing about the resistor, we would
know very little. In order to make
ohmmeter designations definite, and
eliminate the present ohmmeter con-
fusion, it is suggested that a repre-
sentative ohmmeter range be listed as:

1,000—10,000 (3,500) ohms 8%
3,500 ohms being some value within
10¢% of center scale and 8% being the
greatest calculated circuit error (in-
cluding resistor tolerances) between
1,000 and 10,000 ohms (which in this
case is approximately .3 to 3 times
center scale), plus the meter and read-
ing errors (about 5% for a 2% meter
accuracy).

Returning to Figure 37, values are
given for ranges in decimal steps. This
allows the experimenter to choose

ranges most suitable for his work. For
each range, values are given for three
or more popular meters. In the E
column, reference is made to several
notes. These notes should be followed
because accuracy of measurement on
some ranges is effected by the internal
resistance of the battery, and the re-
sistors in the table have been corrected
for the batteries specified in the notes,
RFA, RVA, etc, at the heads of the
columns, refer to the corresponding let-
ters in the proper diagram of Figure
37. The values given for RMA, in the
upper half of the column, include the
meter resistance; so the meter resis-
tance, at room temperature must be

VALUES OF Rya CATALOG No. AND RATING OF
YAXLEY AIR-COOLED RHEOSTAT
1 OHM.. ... 102K (20HMS)} WITH 2 OHM 5%
FIXED RESISTOR IN PARALLEL
1O OHMS . ...........HOK ( 10 OHMS )
100 . ..A99P (100
1000 *  _.........i000P (1000 * )
3.5:.6.2 OHMS...106K ( 6 L
26-4.65 .03k (3 * )
25-4.4 * »._403K ( 3 * )
15-480 * 40K (10 * )
0.4 -18.4 * __ 115K ( 1§ * )
124 -214 * 420k (20 * )
25-44 440K ( 40 * )
29-52 % ..440K (40 ¢ )
35-62 ¢ .._45P (50 * )
Woly) O ood 199P (100 * )
104 - 184 ~ . _..200P (200 OHMS) WITH 500 OHM 5%
FIXED RESISTOR IN PARALLEL
12 -215 = _...200P (200 OHMS)
200-350 * _..200P (200 * )

Figure 36

known, or the total resistance (meter
and resistor in series) must be adjusted
to the value shown. If any reader has
difficulty in getting this work done, an
inquiry addressed to Rapio NEws will
bring information as to where the job
can be done at a very reasonable price.

Other resistors in the table are
standard stock items of the Precision
Resistor Co. In ordering these resis-
tors, both the resistance value and the
tolerance (given at the top of the col-
umn) should be specified. RVA is a
rheostat, and may be any resistance
between the values shown. If a rheo-
stat near the low limit is selected, ad-
justment will be provided down to 1.2
volts per cell. If a rheostat near the
high limit is selected adjustment will

be provided down to 1.13 volts per
cell. A rheostat should be used that
has a large number of turns, in order
to provide a fine adjustment. The
Yaxley air-cooled rheostat is very sat-
isfactory, and most of the values in the
table, may be found among their stock
items as shown in Figure 36

On the low ranges Note 1 (Figure
37), should be carefully followed, and
the switch in Figure 39 (D) should
be of very low contact resistance, On
the 1 ohm and 0.1 ohm ranges, the
switch should be rated 5 amperes and
30 amperes or more respectively. All
joints should be securely soldered,
where possible, and test leads should
be fastened to heavy terminals. Eby
“Commander” binding posts are satis-
factory. Weston test leads are satis-
factory, except on the lowest ranges,
where new, larger leads must be
added, in accordance with Note 1,
Figure 37.

The errors listed in Figure 37 are
the maximum possible errors, pro-
viding instructions are followed. Ac-
cording to the theory of probabilities,
however, the errors will be between
zero and half the value listed, 70 per
cent of the time, and less than two-
thirds of the value listed, 90 per cent
of the time.

Figure 38 is a scale which has had
all the sources of error minimized, and
which will fit the meters listed in the
table. For Jewell type 88 cut on dotted
line; for Weston type 301 cut on solid
line; and for Jewell type 54 cut on
dot-dash line. This may be fastened to
the scale as follows: Remove the scale
carefully, so as not to bend the pointer.
Do not leave the meter without the
protection of the glass. Give the back
of the metal scale a thin coat of shel-
lac and allow it to dry over night.

Cut out the paper scale through the
center of the proper outline, and place
it scale side down on a clegn blotter
which is laying down on a flat surface.
Place the metal scale on the paper
scale with the shellac side down. Heat
a flatiron to the point where the
moistened finger will just sizzle and
turn it off. Hold the scale; place the
flatiron on the exposed half and hold
it in place until the heat is felt in the
other half, then remove iron. Hold the
scale in place until it cools a little.
Repeat with the other half. The .1 ohm
center-scale range, and the 100 ohm
center-scale range, using Figure 39(C),
will be read directly on the lower and
upper scales respectively. Other ranges
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using Figure 39(D) will be read on
the lower scale and other ranges using
Figure 39(C) will be read on the upper
scale by merely moving the decimal
point, one, two, three or four places
to the right. Of course a metal scale
would look better and be less subject
to errors.

Duplicates of this scale, printed on
strong paper, may be obtained by
sending ten cents to Rapio NEws,
Blueprint Department, 461 Eighth
Avenue, New York City.

Because Jewell half-scale current is
at exactly half-scale, and Weston half-
scale current is 1.7 per cent above half-
scale, the upper scale will read 4 per
cent and the lower scale will read 4
per cent low when used on Jewell
meters.

The values in Figure 37 will cover
most conditions, but should the in-
ternal resistance of the meter be 10 to
20 per cent below the rated value, a
condition could be obtained when us-
ing Figure 39(C), where it would be
impossible to adjust to full scale.
Should this occur, bring the meter re-
sistance nearer normal, by putting a
fixed resistor in series. The resistor
could even be a portion of an old rheo-
stat with the wires soldered or bolted
in place (do not use the arm), as it
need only be approximately 5 ohms
for 1, etc.

Figure 40 shows the legend for the
letters used in the text and illustra-
tions. Figure 41 gives information on
meters to be used on the 10 ohm
range.

Figure 37—See P. 16
Figure 38—Top Right
Figure 39—Middle Right
Figure 40—Lower Right
Figure 41—Below
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LEGEND FOR TEXT AND ILLUSTRATIONS

RANGE METER USED POSSIBLE ERROR
10 OHM 0-1 MA .87 OF 10fo
0+ 0-1.5 OR 2MA 2.3400

OTHER RANGES USING ANY METER .23 OF 19, ORLESS

NOTE THEREFORE,USE AN 0-1 MILLIAMMETER,IF
AVAILABLE, ON THE 10 OHM RANGE

Iy = (IN TEXT) FULL SCALE CURRENT(RANGE ) OF METER (MILLIAMPERES)

E - BATTERY({VOLTS)

Rpa~ ADDITIONAL FIXED RESISTOR (OHMS)

Rya- ADDITIONAL VARIABLE RESISTOR (OHMS)

R\ RESISTOR FOR ADJUSTMENT OF METER RESISTANCE (OHMS)
Rea-FIXED CALIBRATING RESISTOR {OHMS)

Ryc-VARIABLE CALIBRATING RESISTOR (OHMS)

Ry~ (IN TEXT) INTERNAL RESISTANCE OF METER (OHMS)
Rx~ RESISTANCE BEING MEASURED (DHMS)

A Portable Tube Checker

UNQUESTIONABLY the most es-

sential part of a serviceman’s
equipment is a reliable instrument for
testing tubes. When the set to be ser-
viced is inoperative, immediate infor-
mation as to the condition of the tubes
is often required. In such cases a tube
checker alone can supply this infor-
mation and in all other cases it fur-
nishes the quickest and most conven-
ient means of determining a tube’s
condition.

Considering the large number of tube
testers on the market, relatively little
concerning their design and construc-
tion has been written. Often the ser-
viceman or experimenter will want to
build his own tester, either to form
part of a test kit or as a separate unit.
The instrument shown in Figures 42
and 45 is of the utmost simplicity in

design and operation, yet is based on a
fundamental test method which has
been the standard for years in labora-
tories as a means of keeping an effec-
tive check on tube depreciation during
life test runs. It does not, of course,
provide an infallible indication as to a
tube's capabilities, In the final analy-
sis, the performance of any tube is de-
pendent not only upon its electrical
and mechanical condition, which this
tester indicates, but also upon the spe-
cific portion of the circuit in the par-
ticular set in which it is to function,
factors which no tube tester can pre-
cisely duplicate. Yet, in spite of its
simplicity of design and low cost, it
provides a highly accurate and com-
plete analysis of the condition of any
tube.

Figure 44 shows a complete sche-

matic diagram of the completed tube
tester. Switches 1, 2, 4, 5, 6 and 10
are single-pole-double-throw toggle
switches. These switches have three
terminals, two on one side and one
on the other. The single terminal side
corresponds to the moving arm of the
usual type of switch. Each socket ter-
minal, with the exception of the fila-
ments or heaters, is wired to the mov-
ing-arm terminal of its switch. The
other terminals at the same end of the
switches are connected together and
brought over to SW3, which closes the
circuit to the filament and one side
of the transformer secondary. The ter-
minals at the opposite end on the
switches mentioned are also joined to-
gether and brought over to R3,
through which they connect to the
other side of the transformer. Switch
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Figure 42

10 is mounted in the lower right-hand
corner and arranged to throw right
and left rather than up and down. This
switch should be wired as shown in
the drawing, so the plate is connected
to the meter circuit when the switch
is thrown to the left. If we start to
test, then, with switch 10 thrown to
the left, we need only to throw the
cathode switch to its upper position,
with all other element control switches
down, to obtain our quality test. If the
tube to be tested is a multi-purpose
affair, such as the duo-diode-triode,
we may test each element separately
by placing the cathode and all other
element switches in the upper position
and moving each element switch down
and up in turn, noting each reading,
while switch 10 is thrown to the right.
It is thus possible to determine if the
diode sections are accurately balanced.
Many testers are designed fo test only
the triode sections of such tubes.
Since we are, in effect, measuring
the internal resistance of the tube by
this method, the resistance of the test
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Figure 43

circuit has been kept as low as is
practical.

Let us assume that the internal re-
sistance of the tube under test should
normally be 500 ohms under such test
conditions, but as a result of loss of
emission due to long-continued use, has
increased to 1000 ohms. The measur-
ing circuit should then indicate a 509%
drop in current. If, however, our mea-
suring circuit should have a resistance
in itself of 1000 ohms, the percentage
change in circuit resistance would be
the ratio of 500 ohms to 2000 ohms or
25%. Thus the current change as in-
dicated by the meter would be only
25%. This point has been analyzed in

Figure 44
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detail because the failure of certain tube
tester designs to reject weak —80’s is
due to this cause. This may also ac-
count for the fact that relatively few
—80’s are replaced in the field until
complete failure has occurred. The ser-
ies resistors R1 and R3 have been in-
cluded to protect the meter when
measuring mercury-vapor tubes. For
all other tubes the switch S8 short-
circuits R3; Rl is just enough to keep
all readings within the range of the
meter.

To construct this tester, drill the
panel in accordance with the layout
shown in Figure 43. It is well to drill
the holes for the toggle switches under-
size and then ream them out just
enough to make a tight fit. This will
tend to remove any strain on the wir-
ing due to the switches turning out of
position. Mount the sockets, bending
the terminals so they will project
through the socket holes. It is a good
idea to mark the underside of the
panel opposite each terminal with the
terminal designation, using a glass pen-
cil or scriber, to avoid mental con-
fusion in wiring. Try out the meter
holes to make sure the meter will fit,
but do not mount the meter until the

Figure 45
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wiring has been completed, to avoid
risk of damage in handling. Mount the
remainder of the apparatus and pro-
ceed with the wiring. It is best to wire
the rotary switch controlling the fila-
ment voltages first. The transformer
has 12 voltage taps, but only 10 are
used. The 1.1-volt tap is required only
for 864's and WDI1’s, If you expect
to test these types, this tap may be
wired in and 25-volt tap omitted; 25-
volt tubes may be tested on the 30-
volt tap. The 15-volt tap is also not
used; 15-volt tubes may be tested on
the 12.6-volt tap. There are primary
line voltage taps for 105, 115 and 125
volts. It is best to wire in the 115-
volt tap unless the line voltage is con-
sistently beiow this value. The bracket
for the pilot light socket is mounted
on one of the socket retaining screws.

Operating Instructions

If the tube is known to have no
shorted elements proceed as follows:

(1) Set switch 9 for rated filament
voltage of tube (see tube characteristic
chart on pages 32 and 33), the voltage
applied at each setting being indicated
in the following table:

Switch Filament

Position Voltage
1 1.5 volts
2 20 ¢
3 25 ¢
4 33 -
5 5.0 “
6 63 «
7 75 ¢
8 126 *
9 250 *

10 30.00 *

(2) Throw switch 11 to right, switch
10 to left and switch 7 to UP position.
All other switches, DOWN.

(3) For all filament type 4-, 5- and
6-prong tubes, simply read meter. If
reading is below 20, depress shunt
switch 8 and read.

(4) For all heater type tubes, pro-
ceed as above but throw switch 4 to
UP position and read. If no reading
results, the tube is of a special type
and the cathode is not in the usual
place. If the location of the cathode is
unknown, move each switch up and
down, one at a time, until the maxi-
mum reading is secured.

(5) For duo-diode-triodes, the
diodes should be tested independently
by throwing the switch connected to
one diode down, switch 10 to right and
all other switches UP. Then test the
other diode the same way. The triode
can be tested independently (sece notes
accompanying the chart below).

(6) For all full-wave rectifier tubes,
proceed as in (5) above. For half-wave
rectifiers, proceed as in (3) above. Do
NOT depress shunt button when test-
ing mercury-vapor rectifiers, such as
the —-82 and -83. For all others, de-
press shunt.

Short-Circuit Test

Throw switch 7 to DOWN position.
With switches set as specified in (2)

“

above, if bull's-eye glows, some ele-
ment is shorted to the filament. If not,
throw switches 1, 2, 5 and 6 succes-
sively to UP position. If bull's-eye
blows, some other inter-element short-
circuit is present,

Cathode-Heater Leakage
Test

Depress switch 3 while reading meter
for tube condition test. If pointer does
not drop to zero, cathode-heater leak-
age is present, A list of readings ob-
tained with this tester is given in the
chart below. All tests were made at a
line voltage of approximately 120 volts,
using the 115-volt tap on the trans-
former. The last column gives the
readings obtained with all elements
except the filament and cathode con-
nected to the plate. With the switches
set for this reading, the other read-
ings are obtained (except as otherwise
noted) by moving each switch in turn
to the UP position. After the reading
has been noted by doing this with
switch 1, for instance, return the
switch to the DOWN position and re-
peat this operation with switch 2 in
the UP position, etc.,, until all read-
ings have been obtained. The blank
columns indicate that the operation
does not affect the reading, due to the
switch being out of the circuit for the
particular tube being tested.

The table does not contain all tube
types because at the time of making
it, there were not sufficient tubes of
certain types on hand to establish an
average reading. All figures given are
averages of several tubes which are
known to be good.

It is suggested that, unless his read-
ings check reasonably well with those
given below, each constructor prepare
his own chart in the manner described,
as variations in average line voltage
conditions, individual parts, etc.,
coupled with the normal production
variations in tubes, may affect the
readings considerably.

Tube Test Chart

Type SW1 SW2 SW4 SWS SW6 SW10 Total
24A 23 2 32 35

26 2 16 25
27 2 17 29
34 17 2 22 23
35 21 2 29 32
36 22 2 29 32
37 2 19 28
38 23 2 28 32
40 27 2 33 36
41 3 21 30 30
42 22 28 28
45 7 18 42
46 S 23 30 37
47 3 26 32
53(d) 33 43(a) 33 (c) 43(b) 20(s)
55(d) 6 14
56 2 24 35
57 37 2 32 37 43
58 38 2 32 38 42
59 36 24 3 34 40
71A 7 14 34
75(d) 4 27 4 1 37
33 2 27 34 37
78 24 2 18 28
79 (c) 36 56 38 17(8) 20(S)
18 36
82 32(S) 32(S) R

SERVICEMEN!

83 33(S) 33(S) R
84 40 40 R
2A3 12 42 22(5)
2 22 26 8
2A6(d) 10 28 12 42
2 40 32 42 42 44
2B7(d) 6 14 2 6 30
18 8 20 22 24 24

Notes

Test -30, -31, -32 and -33 tubes
at 1.5 filament volts, not at their nor-
mal filament voltage. This is recom-
mended because these tubes are subject
to deterioration if all elements are
made highly positive at full filament
emission,

(a) SW1 DOWN also.

(b) SW5 DOWN also.

(c) UP for all readings.

(d) Start readings with all switches
UP. Move alternately downward, read,
and return to UP position.

(R) Rectiier—Readings of both
plates unnecessary.

(S) Shunted.

Variations of 15-209% in these read-
ings are normal.

Tubes reading 409%
readings are doubtful.

Tubes reading 50-609% below these
readings should be replaced.

As the foregoing description has in-
dicated, this tube checker will test any
tube on the market, regardless of de-
sign, provided only that the tube fit
one of the four sockets provided.
Since the 7-prong socket is of the com-
posite type, the only tube which will
not fit is the obsolete WDI11. There
is plenty of room on the panel for an
8- or 9-prong socket and the single
additional switch required, should
such type tubes appear.

Intelligently used, this tester will
prove an invaluable component of any
serviceman's equipment. On the basis
of results per dollar cost, it is believed
that it is unsurpassed by any instru-
ment on the market.

below these

Parts List
M—Weston 1model 301,
0.50 ma,
R1—20-0hm resistor, 1 watt
R2—1.5-0ohm wire.wound resistor, 5 watts
R3—50.0hm resistor, 1 watt
S1, 82, S3, S4—Eby type 12 moulded 4-, 5-,
6- and composite 7-prong sockets
SWI1, SW2, SW4, SW5, SW6, SW10—Cutler-
Hammer s.p.d.t. nickled toggle switches.
SW3—Yaxley s.p.s.t. push-button switch, non-
locking X
SW7—Cutler-Hammer d.p.s.t. 2-circuit toggle

d.c. milliammeter,

switch .

SW9—VYaxley 10-1;‘oint, single-deck, non-short-
ing rotary switc

SW11—Cutler-Hammer
nickeled toggle switch

T1—One Wholesale Radio Service Company
tube tester filament transformer .

One Yaxley pilot light socket and mounting
bracket

One Yaxley s.p.d.t. push-button switch, non-
locking

One Yaxley red bull’s.eye

One Yaxley pin-jack

One control grid cap, with 8-inch lead and
phone-tip terminal

One 6.3-volt pilot light

One bakelite panel 8% x 834 by 3/16 inches

6 feet double conductor lamp cor

One a.c. plug

.
single-circuit, on-off

|

If you are interested in building your own testing equipment, we suggest that you follow the
series of articles now appearing in RADIO NEWS,

“
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UNKNOWN
THE COMPLETE CIRCUIT

THERE are very few men engaged

in radio who at some time or
other have not wished to have a bridge
handy. A bridge is an instrument
which allows an unknown unit to be
measured in terms of a known value.
In Figure 46 is shown a network com-
posed of two branch circuits each con-
taining two separate variable resist-
ances connected in series and the two
branch arms are connected in parallel
across the battery. At the point of
junction between R1 and R2 in arm
A one side of a voltmeter is connected.
The other side is connected to the
similar point between R3 and R4 in
arm B.

When one of the four resistors is
variable, it can be so adjusted that
there is no voltage difference between
the two aforementioned junctions and
the indicating meter reads zero. The
bridge is then said to be balanced.

When balance is reached, the value
of one resistor can be computed if the
value of the other three is known. This
is expressed by:

R4 = R3 X R2 + RI1

This form of bridge requires three
separate known resistance groups. Rl
may be a fixed value; R2, a group of
resistances, 10, 100 and 1000 times
greater or less than R1; and R3 a de-
cade-box, variable in steps of 10 ohms
up to 1000 ohms. The accuracy of use-
ful measurement is dependent upon
the accuracy of the three known re-
sistances. In laboratory instruments
these resistances are adjusted to 1/10
of 1 per cent, and, as there are a num-
ber of resistors this form of bridge is
quite high in cost.

For general use in the experi-
menter’'s shop and service work there
is no need of such extreme accuracy.
For this purpose the simple inexpen-
sive bridge shown in Figures 47 and
50 was designed. It may be used with
a source of a.c. for measuring re-
sistors and capacity, or with d.c. for
measurement of resistors.

For a.c. measurements, the 60 cycle
line, a telephone buzzer, a microphone
hummer, or a vacuum tube oscillator
may be used as a voltage source. To
indicate balance, a pair of phones, a
copper oxide volt- or current-meter, or
an audio amplifier may be employed.
In order to secure the greatest sensi-
tivity of a copper oxide (rectifier type)
voltmeter may be connected in the out-
put of an audio amplifier, as per Figure
48. For d.c. a battery of 1.5 to 9 volts
is used as the voltage source, and a
galvanometer or a volt-milliammeter
with a polarity changing switch as
shown in Figure 49.

This bridge depends upon the known
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standard arm R3 which consists of 1
per cent wire-wound resistors, and se-
lected fixed condensers. Provision is
made to allow an external standard to
be used, such as hxgher resistance, or
mductance A series resxstance may
also be used here connected in series
with the standard capacities to mea-
sure power factor. Balance is secured
by varying the ratio between R1 and
R2 and the value of the unknown is
read directly from the calibrated scale.
As the standards are in multiples of 10
the scale is calibrated to read: .01 to 100
times the standard in use. Resistance
standards of 1, 10, 100, 1000, and
10,000 ohms give a resistance range of
01 to 1,000,000 ohms. For capacity a
second scale is necessary, calibrated
for .01 to 100 times the standard value,
giving a range of .001 to 100 mfd. for
the three standards of 1, .1 and .01 mfd.
While it is possible to secure this ex-
treme range of capacity at 1000 cycles,
due to the high ratio used, the ac-
curacy outside of a 10-to-1 range is
not satisfactory. The greatest accuracy
is secured in the range of .3 to 3 times
the standard. In this range an ac-
curacy of 3% may be secured.

The construction and assembly are
simple. The complete circuit is shown
in Figure 51, The most important point
is to have connections of low resis-
tance. In order to secure this, number
12 tinned copper wire was used. No
directions are given regarding layout,
as it is assumed that this will fit in
with the constructor’s own ideas, or
that he will purchase one of the kits
being offered, which include a drilled
and calibrated panel. The first parts
to be assembled on the panel are the
binding post and their insulated wash-
ers. Be sure to tighten the holding
nut to prevent turning. The push-but-
ton switch is now placed on the panel.
This is set with a slight angle toward
the potentiometer in order to clear the
bank of condensers. In mounting the
push-button switch it is necessary to
use a bushing to clear the panel. The
next unit to be mounted is the range
selector switch. Set the stop control on
this so that it stops the blade in the
ninth position. This switch is mounted
also with a bushing on the shaft and is
fastened so that the fifth contact from
the start is on top. The two-terminal
strip is now mounted on the pillar op-
posite the switch blade connection. The
last unit mounted is the potentiometer;
in fact, this should not be mounted
till all the rest of the unit is wired.
This is to prevent breaking or scratch-
ing the winding. The calibration of
the bridge depends upon this unit. Do
not use lugs for making the wire con-
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nections; bend the bus-bar around the
screws and tighten the holding nuts,
then solder,

Place the small knob on the range
selector switch and adjust it so it in-
dicates the proper position, then
tighten securely to shaft. Adjust the
large knob on the potentiometer and
set it so that the pointer lines up with
the two end stops, but do not fasten
securely to shaft.

Connect the bridge as per Figure 49,
but short the terminals marked “un-
known.” Set the range selector on .1
and the ratio point about .1. Then
press the button lightly and observe
the galvanometer. If necessary, ad-
just the ratio arm till a balance is
secured. Do not hold the battery but-
ton down longer than necessary, as
large amounts of current are drawn
from the battery. With practice it will
be possible to slightly touch this but-
ton and note deflection on galvano-
meter. A balance should be secured
between .2 and short. This indicates
a resistance of .02 to .008 of an ohm.
Now set range selector on Ext. and
ratio arm about 3 and adjust for bal-
ance. If a balance is secured below
4, the wiring of the bridge is satisfac-
tory. Now connect a rheostat as the
unknown and set range selector on 1
and ratio dial on 10. Adjust rheostat
until a balance is secured, then change
range switch to .1. A balance should
then be secured at 100. If a balance is
secured at some other point, correct
the knob to indicate properly; then
check at 10, and repeat. If it indicates
properly, set range switch at 10 and
secure a balance at .1. By readjusting
the potentiometer on some other range,
the standards may be checked against
each other. If the setting agrees satis-
factorily, the knob may be fastened se-
curely and, as per Figure 48, the ca-
pacity range checked on a.c.

The bridge may be calibrated in the
following manner. Secure General
Radio 1- and 10-ohm standard decade
boxes. Set the range switch on 1, the
unite decade on 1, the 10 decade on 0,
and have the two decade boxes con-
nected in scries at all times. Secure a
balance for 1 ohm and mark the panel
or paper, being careful to locate the
point exactly. Repeat this till the 10-
ohm position is secured. Now set unit
decade dial at 0 and secure points for
each of the 10-ohm decade steps.
Then set the range selector switch at
10 and check the unit point by means
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Figure 50

of the 10-ohm box. Then set the range
selector switch at .1 and check the
points secured from the 10-ohm decade
boxes by means of the unit decade. If
there is a large error in these points,
set the range selector switch at the
external position, and connect one of
the decade boxes as an external stand-
ard, the other as the unknown value.
Adjust them to equal values and then
secure a balance by means of the ratio
arm. Then connect both decades as
unknown and measure the value of
the standards. With only two boxes
it will be possible to check the 100
ohms standard to 1%. Do not change
the position of the ratio arm while
checking standards.

If the different ranges check after
taking the first twenty points, it is now
possible to calibrate the rest of the
bridge. Set the 10-ohm decade at 10
ohms, range selector switch at 1, and
secure the 10 points required from 10
to 20. Then setting the 10-ohm decade
at 20, secure the next 10 points between
20 and 30. Between 30 and 40 it is
only necessary to secure 4 additional
point$; 40 to 50 is also calibrated in
2-ohm steps. From 50 to 100 it is
only necessary to check each 5 ohms.
Now set the range selector switch at
10 and with the unit box secure the .1
scale calibration points; that is, the
first 10 points required, then setting
the 10-ohm decade box for 10, 20, etc.,
secure the additonal calibration points
required from 2 to 10. It is only nec-
essary to secure a point for every 2

ohms. A total of 110 calibration points
is required for the resistance scale.

The equivalent calibration is secured
for capacity, using a.c. for the genera-
tor, and a decade capacity box for the
unknown. The capacity scale is in
opposite direction to the resistance.
The accuracy of the bridge depends
upon the accuracy of the standards
used and the care taken to secure the
necessary points. After the calibra-
tion is secured, the panel should be
inked in and covered with celluloid to
prevent wear and soiling.

For the convenience of our readers
who wish to avoid the job of calibra-
tion, a kit has been made available for
this bridge, by a New York radio com-
pany. A complete list of parts follows:

Parts List

Parts of equivalent quality and accuracy may
be substituted. .
1—General Radio, type 214A potentiometer,

400 ohms
1—Lafayette aluminum panel, etched and cali.

brated, 435 inches by 9 inches
1—Lafayette steel case .
S—Trutest special 1% wire wound resistors:

1, 10, 100, 1000 and 10,000 ohms
3—Trutesftd special bridge condensers: 1, .1 and

01

.01 mid.

1—Yaxley, type 1211 selector switch, 1 circuit,
11 point

1—VYaxley push button switch

1—Analyzer pointer knob, large type

1—Analyzer gointer knob, small type

8—Insulated binding posts oo

8—Sets of insulated bushings for binding posts

2—3 /16 inch bushings for switches

5 feet number 12 tinned copper bus bar

A Vacuum Tube Voltmeter
(All-Purpose, A.C. Operated)

OR the man who is experimentally

inclined, a vacuum-tube voltmeter is
a highly desired if not most essential
piece of measuring equipment in a well-
appointed radio laboratory.

On the other hand, the radio service-
man who is in business to repair and
test commercial radio equipment as a
means of livelihood, customarily con-
siders the vacuum-tube voltmeter as be-
ing something that is too expensive,

elaborate, and not adapted to his par-
ticular needs. However, when it is
considered that this form of voltmeter
is the best and simplest form of out-
put meter that can measure accurately
a.c. voltages from .1 volt up to any
desirable values, some consideration is
deserved. Among other uses to which
the meter is adapted, because of its
high input-impedance, is the measure-
ment of overall gain of an audio-fre-

quency amplifier, from the detector to
the output or by individual stages; ob-
taining the selectivity and gain per-
formance of the radio-frequency
stages; measurement of hum in re-
ceivers, etc.

Using the type ~30 tube as the basis
for design, the voltmeter circuit was
evolved as shown in the schematic dia-
gram, Figure 54. It will be noticed that
the tube filament is in series and an
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integral part of the power supply volt-
age divider, the electrical position be-
ing such that the plate and grid voltage
may be readily obtained.

In order to maintain the proper volt-
age on the circuit, a 3-volt meter is
placed in shunt across the tube fila-
ment. With this method of indication,
a constant current can be maintained
in the divider resistors, with the re-
sult that identical voltages are always
applied to the tube when in operation.

It is well to bear in mind that the
tube selected for the meter might well
be one that has been used for a period
of 40 or 50 hours. In this way, cer-
tain irregularities will be eliminated
which are due to change of the char-
acteristics with use. In order to faci-
litate the final design of the power
supply, tests were conducted on eight
type —30 tubes in order to determine
the proper operating voltages for the
average tube. These final operating
potentials are indicated on the calibra-
tion curve, Figure 55. Generally speak-
ing, a slightly used tube of the 30 type
will operate most satisfactorily at these
potentials, thus making it unnecessary
for the builder to work out new values.

The power pack is conventional, with
the exception that, due to the fact
that a relatively low d.c. voltage is to
be delivered, the input condenser has
been eliminated. The rectifier, which
can be either an —80, —-82 or BH tube, is
fed into a filter consisting of a 30-henry
choke and a single 4 or 8-microfarad
condenser in the output or voltage-di-
vider side. This type of filter has been
found sufficient for the purpose, gives
fine regulation, minimum ripple and is
economical,

Building the Voltage Divider

In building the voltage-divider net-
work, it will be wise to invest in the
best wire-wound resistors. All of these
resistors used are stock sizes, and their
place in the circuit should be clear
from Figure 54. The 800-ohm plate-
voltage resistor and the 100-ohm grid-
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voltage resistor are shown with an ar-
row through them to indicate that they
might well be semi-variable. In this
way, the builder can secure different
operating potentials, if he so desires,
and the resistor can be set and clamped
in suitable manner to maintain a fixed
voltage.

In the voltage divider, two 400-ohm,
wire-wound potentiometers are used.
The first one is connected in shunt
with a 50-ohm resistor and placed just
ahead of the 800-ohm plate-voltage
resistor. This provides a small “buck-
ing” wvoltage which feeds current
through a 10,000-ohm protective resis-
tor to the plate side of the microam-
meter. By adjusting this 400-ohm po-
tentiometer, the residual plate current
taken by the vacuum tube can be done
away with, giving the full scale of the
meter over to measuring purposes. The
second 400-ohm potentiometer is in
the divider circuit proper and is con-
nected as a rheostat just ahead of the
previously mentioned 50-ohm fixed res-
istor. The function of this variable
resistor is to control the setting of the
filament voltmeter in order to main-
tain the same value of current through
the divider at all times,

The 0.5 mfd. condensers, shown on
the diagram, are purely for by-pass
purposes. Under no conditions should
the builder place a by-pass condenser
from the plate side of the microam-
meter to the negative side of the fila-
ment unless some means is provided
to prevent the charging current of the
condenser from passing through the
meter,

The input to the vacuum-tube volt-
meter (grid-to-filament) is shunted
with a series combination of precision
resistors, which serve the purpose of a
voltage-divider network, in order to
secure various ranges of the meter.
This network must be reasonably high
in value so that the power consumed
by the instrument shall be of negligible
quantity. For economic purposes this
network was made to have a total of
1,000,000 ohms. The network is made
of six individual precision resistors,

each of such a value as to give a suit-
able multiplying factor to increase the
voltage range of the mstrument the
value of these resistors is given in
Figure 56.

It will be noticed that the sizes listed
are carried in stock by several of the
good precision resistor manufacturers.
It is advisable to pay a slight premium
and secure the resistors that are rated
to an accuracy of 0.5 percent of their
rated value.

This voltage divider provides a per-
manent path for the bias voltage, and
the a.c. voltages to be measured are
applied to the divider through a 2 or 4
mfd. condenser. Smaller values of con-
densers should not be used, and it is
well to be sure that the condenser is a
high-quality paper condenser. One
other point that should receive careful
consideration is the selection of a suit-
able switch to change the range of the
instrument. The General Radio low-
contact-resistance switch is very good.
It is known as model 202-A.

The layout used is self-explanatory
from the photographs and any devia-
tion that is desired can be made. How-
ever, in order to make the instrument
portable and self-contained, use one of
the neat cabinets which were used by
A. K. on their battery sets. There is
adequate space and the cabinets can
be picked up very cheaply.

Simple Operation

From the foregoing it is clear that
there is no complication in design out-
side of a reasonable amount of care
on the part of the builder. From an
operating standpoint, the adjustment of
the filament voltmeter is all that is
necessary to maintain proper operat-
ing conditions and automatically fixes
all operating potentials. Furthermore,
this adjustment is independent of the
a.c. voltage fluctuations and aging of
the rectifier tube. Also there is only
one curve for all ranges of the meter.

With the operating potentials and
the tube selected, the voltmeter is ac-
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curate to 5 per cent at the extreme
lower portion of the scale, with a sensi-
tivity of less than 0.1 volt. On the
upper portion of the scale, the accu-
racy and sensitivity is increased to
0.5 percent and 0.01 of a wvolt, re-
spectively.

By using a resistance-network volt-
age divider the range of the instrument
is increased to more than necessary
for normal use.

Next, the input resistance is kept
sufficiently high for average purposes
so that the amount of power consumed
is practically nil.

By taking a set of aged tubes and
by curves and associated data, average
operating potentials were selected so
as to operate the tube on the quadratic
portion of the characteristic curve.
This resulted in an instrument reason-
ably free of frequency and wave-form
error.

Last, but not least, the cost of the
instrument has been kept as low as pos-
sible consistent with good workman-
ship. In an instrument of this type,
quality should be paramount, but it
is not necessary to be extravagant.
The meters and resistors are the prm-
cipal cost. The power-supply equip-
ment is good, but with replacement
parts at the price they are, this is a
small item. The instrument, excluding
workmanship, costs approximately
$40.00.

With precision resistors used in the
network, calibration may be carried on
at any voltage within range of the in-
strument. [f a precision voltmeter
with 0-2 volts range is available, it is
slightly more accurate to calibrate at
this range in order to reduce the per-
sonal error.

Calibration is facilitated if magnify-
ing lenses are used to read the two
meters. From the photograph, Figure
52, a lens can be scen on the filament
voltmeter and covers the portion of
the scale which is always used. This
is a small lens, plano on one side, with
a focal length of about 14 inches. A
drop of water will cement the lens to
the glass on the meter.

The instrument should be calibrated
at least three times and the average
results used. At least a dozen points
should be taken at each calibration. It
is well to perform the calibrations at
intervals of at least several hours or
better and still take three days and
calibrated once on each of the days, or
have some other person run a calibra-
tion. The calibration curve is self-ex-
planatory and the same curve is used
for all ranges, the only essential being
to multiply the voltage by the proper
factor similar to reading various ranges
on an ordinary voltmeter, It will be
found that if the potentials indicated
are used, the lowest range will be in
the vicinity of 2 volts, a.c. In other
words, approximately 2 volts, a.c., ap-
plied to the grid of the tube will give
full-scale deflection of the microam-
meter.

Unless the tube characteristics should
change suddenly, the meter, with the
operating potentials selected, ought to
go from 800 to 1000 before an appreci-
able error would be noticeable. It is
wise, however, to check the calibra-
tion at several points, say after every
40 or 50 hours of use. It will be no-
ticed that the last switch contact is
used to short out the voltage divider
used across the tube input (grid to fila-
ment); in this way the bucking-out
voltage, used to bring the plate-cur-
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Figure 55
rent meter reading to zero, can be When this adjustment is made, the 0-3
checked without removing the a.c. that voltmeter should be set at 1.7 volts.
is being measured. With these adjustments made, the
To place the instrument in opera- a.c. voltage to be measured can be
tion, the plug is inserted in the custom- applied to the input binding posts,
ary 110-volt, 60-cycle a.c. socket and with the high-potential side attached
the rectifier circuit is then cnergized. to the positive end of the input volt-
The 400-ohm rheostat should then be age-divider circuit. It is good judg-
adjusted until the voltmeter, which is ment, when measuring an unknown
across the filament of the type -30 tube voltage, to have the switch arm on the
reads 1.7 volts; this reading should be contact which i1s connected to lower
maintained at all times and should be end of R5 and the upper end of R6;
adjusted if necessary when the vacuum- this gives a multiplying of 100. If the
tube voltmeter is in use. With 1.7 applied voltage is insufficient to give
volts potential on the filament, the any or suitable deflection of the micro-
0-200 microampere meter in the plate ammeter, the switch arm should be
circuit should register between 20 and moved to one of the other contacts
50 microamperes, if there is no buck- until the desired amount of deflection
ing current flowing. This residual plate is obtained. The value of voltage
current can be done away with by ad- measured can then be taken from the
justing the 400-ohm potentiometer un- calibration curve, remembering to mul-
til the microammeter shows zero. tiply by the proper factor.
Figure 56
VALUE MULTIPLYING
IN OHMS FACTOR
R TOTAL 1,000,000 i
R 500 000
R2 | 300 000 5
R3 100,000 10
R4 80,000 50
RS 10,000 100
R6 10,000 o
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Figure 58

NEON TU BE

Figure 59

A 100=22.000 Ke. Signal Generator

NTIL recently, the majority of

good signal generators designed for
radio service work have been battery-
operated. Such instruments must of
necessity use fragile, filament-type
tubes and require frequent battery re-
placement to hold calibration. As a re-
sult, there has been an insistent de-
mand for a good line-operated device of
this type, sufficiently rugged in design
to withstand the hard usage to which
a service instrument is subjected, yet
capable of maintaining calibration over
the extreme ranges of line voltage vari-
ation likely to be encountered.

The popularity of the all-wave re-
ceiver, with low image-frequency selec-
tivity on the short-wave bands, makes
it necessary that the instrument cover
all bands on fundamental frequencies.
Increased efficiency of modern a.v.c.
circiiits requires a high degree of at-
tenuation control of the signal gener-
ator output. Some methods of align-
ing sets require an unmodulated signal
which is likewise valuable for many
tests of component parts,

In the apparatus shown in Figures
58, 59 and 60, an electron-coupled,
high-C circuit of extraordinary stabil-
ity maintains calibration exact to with-
in 1720 of 1 percent on either a.c. or
d.c. over a line voltage variation of
more than 20 volts. The percentage
modulation may be varied from 0 to
approximately 100 percent. The modu-
lation frequency may also be varied
over a portion of the audio range and,
if desired, an external beat-frequency
oscillator may be used for modulation
in testing high-fidelity receivers. The
attenuator, usually the weak spot of
a.c.-d.c. signal generators, is an original
design which, while simple and inex-
pensive, provndes exceptionally effective
attenuation at even the highest fre-
quencies. The range of the instrument
extends from below 100 kc. to above
22,000 kc. with adequate overlap be-
tween bands. A pilot light provides
brilliant illumination of the dial calibra-
tions. reducing eye-strain and giving

an instant indication of filament, cir-
cuit continuity. The vernier dial oper-
ates without backlash and is provided
with a convenient means of regulating
the vernier ratio, The metal case, man-
ufactured especially for this instru-
ment is finished in durable crackle en-
amel. All joints are welded, providing
a highly effective shield. The metal
handle is manifestly an improvement
over the usual leather strap. The case,
exclusive of the handle, measures but
83; by 7 by 4 inches, making the in-
strument probably the most compact
of equivalent performance, offered to
date for experimenters.

The circuit is shown in Figure 57.
This may seem rather complicated at
first glance, but is really simple, Let
us consider the 6A7 as a composite of

four-element a.f. amplifier, as employed
in this circuit. These are shown in
Figures 62A and 62B. The oscillator
circuit will be at once recognized as
the reliable tickler feed-back circuit,
with Gl, the grid nearest the cathode,
acting as contro! grid, and G2, imme-
diately adjacent, serving as anode grid,
or plate. In Figure 62B the output
voltage of the choke and condenser
filter circuit of the 25Z5 is applied to
the resistance-capacity filter composed
of R6-C4 and R5-C3, which smooths
out the residual hum of the half-wave
rectifier, thence to the audio-frequency
control circuit composed of R2, R1 and
Cl. Variation of R2 changes the volt-
age applied to the neon tube and also
the time constant of the resistance-ca-
pacity circuit, thus varying the oscilla-

two tubes, a triode r.f. oscillator and a tion period of the neon tube. The
Figure 57
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resulting a.f. voltage is applied across
R3, d.c. being blocked from the grid by
C6. With the slider at point A, no
audio voltage is impressed on G4, and
none appears in the plate circuit. With
the slider at point B, the voltage ap-
plied to G4 is a maximum, limited by
R4 and the input resistance of the tube.
Combining electronically with the r.f.
voltage developed in the circuit of 3A,
variable modulation percentage is se-
cured without loading the r.f. oscilla-
tor directly.

R4, in series with the control grid,
G4, serves to counteract many unde-
sirable effects in oscillation over the
high-frequency bands and to facilitate
operation with such a high tuning ratio,
in the megacycle ranges. R4 also
serves to minimize any slight frequency
shift resulting from applying too high
voltage to G4. If it is desired to go
above 22 megacycles, G2, G3 and G5
may be paralleled, affording higher
feed-back voltage with less tickler, and
thereby enabling the tube to operate at
higher frequencies. Since this would
involve the construction of an addi-
tional coil and a different method of
attenuation, this system was not used
in this design.

The attenuator circuit i3 shown in
Figure 61. The output of the 6A7 is
fed through the condenser, Cl1, and
the shielded lead to the moving arm
of the 100-ohm potentiometer, RII.
The shielding over the lead is insu-
lated from the signal generator case.
A single point r.f. ground is establish-
ed at the output terminal, J2, likewise
insulated from the case, to which the
lead shielding and line filter shield are
connected. The lead from point b of
the potentiometer to J2 is very short,
likewise all leads from the line filter
by-pass condensers and C15. In any
a.c.-d.c. signal generator we must set
up a point of minimum r.f. potential,
since the case cannot be directly
grounded to the B— without danger. By
using the system described above, the
lowest attainable r.f. potential, with the
amount of filtering used, is secured at
point b. When this point is joined to
the ground post of the receiver under
test, an extraordinary degree of attenu-
ation is secured.

For the extreme high frequency

Figure 62
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Figure 60

bands, complete attenuation was found
difficult. Attempts to vary the cathode
bias to decrease the r.f. voltage gen-
erally resulted in a frequency shift
which could not be tolerated. The
solution was found by switching the
screen-grid to ground. This causes a
considerable decrease in r.f. output and
results in complete attenuation over
the standard broadcast band, with neg-
ligible frequency shift, and very satis-
factory, but not complete, attenuation
at the highest frequencies, without ad-
ditional filtering.

Attention is also called to the fact
that the output circuit of this attenua-
tor provides a reasonably constant load
across the receiver input terminals. If
the moving arm of the attenuator were
connected to the high, or antenna, out-
put terminal the load on the receiver
input circuit would change over a very
wide range at different settings of the
attenuator. A receiver, therefore, with
a very low impedance input circuit,
but relatively insensitive, might con-
ceivably test as more sensitive than a
much better set. We do not wish to
give the impression that this signal

Figure 61

generator is suitable for laboratory
measurements of sensitivity. Such tests
require a non-inductive, hand-con-
structed design if a resistance type at-
tenuator is used, and are unneces-
sary for service work and imprac-
tical .for the serviceman to attempt
without special equipment.

The band-switching arrangement is
shown in Figure 63. An ordinary 2-
deck, 6-point Yaxley switch may be
used. Switch a represents the deck
farthest removed from the panel. The
oscillator coils are all wound on half-
inch wooden dowels and are carefully
designed to eliminate the usual “double
hump” characteristic common to many
signal generators designed for radio
service work. The tuning condenser
employed is one of National's 270 de-
gree line. This has the advantage of
spreading and making more accurate
calibration and reading possible.

The line filter coils may be construct-
ed without difficulty, being also wound
on half-inch dowels. They are design-
ed to be effective over the highest fre-
quency band, since they are not re-
quired for the other bands.

Figure 63
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LINE FILTER COILS

COIL LEADS
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e
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cois MOUNTING
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2 / ALLCOILS WOUND WITH 400 TURNS SHIELD

i o1 —i—, NO.26 DSC (SGRAMBLE-WOUND)
Figure 64 Figure 65

Construction Data

In spite of its compactness, the con-
struction of the signal generator will
not be found difficult if the assembly
procedure is carefully followed. It is
recommended that the cabinet and os-
cillator coils be purchased unless the
constructor is equipped to do this type
of work.

For those who wish to make the
cabinet, specifications are given in Fig-
ures 64, 66 and 70. The flange of the
cabinet and the portion of the back of
the front panel making contact with
the flange should be gone over with
emery cloth to remove all traces of en-
amel and assure good electrical con-
tact when the instrument is assembled.

The oscillator coils are wound in im-
pregnated wooden dowels according to
the specifications given in Figure 67.
Coil number 1 must be carefully con-
structed if oscillation over the entire
tuning range is to be achieved. The
tickler winding must start as closely
as possible to the secondary winding.
After construction, the leads should
be anchored in place with thin strips
of fabric dipped in coil dope and the
entire coil thoroughly impregnated
with this same moisture-resistant dope.
The coils should then be assembled on
the mounting panel which is construct-
ed according to the specifications of
Figure 69. The individual coil assemb-

lies have their terminals brought out
to thin bakelite terminal panels for con-
venience in wiring. Flat head brass
wood screws are used to fasten the
dowel forms to the assembly panel.
The complete assembly is shown in
Figure 68.

The line filter coils may be conveni-
ently constructed by following the
specifications shown in Figure 65. The
mounting for these coils consists of
thin sheect copper with partitions sold-
ered to the mounting to shield the
coils from each other. The can in
which the filter coil assembly is in-
stallel may consist of a discarded
shield from an i.f. transformer.

The oscillator coil assembly and the
line filter apparatus should not be
mounted on the sub-panel until the
other parts have been assembled and
wired in to the circuit. This method
of assembly will leave plenty of room
to work around in. After the panel
and sub-panel wiring have been com-
pleted as far as possible, the oscillator
coil assembly may be temporarily
mounted in position and a few bus-bar
leads, insulated with spaghetti tubing,
soldered to the range switch. These
leads will serve to support the gang
switch which may now be removed
from the panel and the wiring from
the coil assemly to the switch terminals
completed without difficulty. When
this is done, the switch and coil as-

sembly may Dbe installed as a unit in
the signal generator circuit.

The line filter assembly is handled
in like manner. When the line filter
is permanently installed care should be

taken that its shield does not touch
the signal generator shield. The line
filter condensers should be installed

last of all.

The output tip jacks are both care-
fu'y insulated from the panel. The
lead from Cl1 to the moving arm of
the attenuator is shielded and the
shielding is insulated from the signal
generator, which may be done by tap-
ing it or with a large diameter piece
of insulating tubing. This shielding is
connected to J2.

The variable condenser is mounted
with the isolantite stator support per-
pendicular to the sub-panel to afford
room for the pilot light assembly. The
stator lead to Sw 3 should be as short
as possible and passes to the switch
through a hole in the sub-panel. The
usual single-hole mounting is rein-
forced by drilling and tapping the rotor
support so that a 6/32 screw may be
passed through the front panel and a
spacing bushing to the condenser frame
and thereby relieve strain on the sin-
gle-hole mounting, which otherwise
might loosen causing the condenser to
shift position and ruin the calibration.

The modulation frequency control is
mounted at the right above the filter

Figure 66 Figure 67
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choke and the percentage modulation
control in a corresponding position at
the left. The associated condensers and
resistors are wired in as closely as pos-
ible to these controls. The condenser
leads from the variable condenser rotor
should be kept as short as possible.
C18 should be installed beneath the sub-
panel, close to the oscillator coil as-
sembly, likewise the voltage divider re-
sistors, R8 and R9.

The neon tube employed as the mod-
ulator is a special miniature type. It
is supplied without a base and is wired
directly into the circuit by its pigtail
leads. The positive lead is indicated
by a red dot. The lamp is located
beside the modulation frequency con-
trol potentiometer, RI.

This lamp should not be confused
with the miniature neon lamps (known
as the !4 watt type) generally avail-
able. These standards lamps will not
work satisfactorily as audio-frequency
oscillators because they are not suffi-
ciently stable in their frequency char-
acteristics. Also the presence of a
base on a lamp of this type introduces
leakage, and it is for that reason that
the special type specified here is sup-
plied without a base.

Incidentally, these are the only mini-
ature neon lamps available, to the writ-
er's knowledge that are sufficiently
stable for use in experimental electri-
cal organs and other audio oscillator
applications. These lamps, known as
the type T-4145 may be obtained by in-
dividuals or dealers direct.

When the assembly and wiring have
been completed, the oscillator coils
may be conveniently checked for oper-
ation by connecting a 1 ma. meter in
series with the grid-leak, R13. The
reading secured will be proportional to
the strength of oscillation. A less sen-
sitive method is to connect a 5 ma.
meter in series with the output plate
circuit and note the change in plate
current when the variable condenser
stator is touched with a moistened
finger. Since the change produced at
the low frequency end of coil No. 1 is
very small, this latter method, though
more convenient is not quite as reli-
able. If oscillation is not secured on
all coil bands, the connections to either
grid or plate should be reversed. Do
not reverse both windings. All coils
must be wound in the same direction.
Otherwise oscillation may be secured
over a portion of the band only, or
none at all. Coils must be assembled
in the rotation shown in Figure 68 or
absorption effects will be indicated by
abrupt peaks in the curves. They
should have an exceptionally uniform
strength of oscillation except for the
very high frequency ranges.

The instrument may be calibrated
over the broadcast ranges by setting
the modulation percentage control to
zero and bringing the oscillator to zero
beat with broadcast stations of known
frequency. For the short-wave bands,
harmonics of calibrations obtained on
standard broadcast bands may be tuned
in on an all-wave receiver and, with
the receiver left at the point secured,
the oscillator is adjusted to a higher
range and the calibration point secured.
The first harmonic is of course the
fundamental, the second harmonic will
be double the frequency of the funda-
mental, the third harmonic, three times
the fundamental frequency, and so on.
This job must be carefully done if the
calibration is to be reliable. It is wise
to spot in on the curves thus secured

at the higher frequency range short-
wave stations of known reliable fre-
quency. The if. ranges can be cali-
brated only by harmonics in the broad-
cast band, but if several harmonics
are noted for each low-frequency oscil-
lation point the difference in frequency
between the harmonics will be the
fundamental frequency and may be ob-
tained with a reasonable degree of ac-
curacy.

For use in aligning receivers, a
shielded lead, with the shield connect-
ed to J2, should be used. A dummy
antenna which, for standard brcoadcast
bands should consist of an inductance,
capacity and resistance in series, should
be connected to the antenna post of
the set. For short-wave aligning, a
400-ohm resistor is used instead of the
standard dummy antenna. While a
portion of the attenuator resistance
becomes a part of the dummy anten-
na circuit, effect is not of consequence
in service work. \When the receiver
to be aligned is very insensitive, pre-
liminary aligning may be done with an
unshielded lead from J1 alone to the
antenna post, which will cause a de-
cided increase in the signal generator
voltage at the recciver. If the receiver
under test has a tuned trap circuit,
adjusted to the if. frequency, in the
antenna circuit, a .00025 condenser
should be placed in series with J1 and
the antenna post, since the line voltage
by-pass condensers have to discharge
to ground through the attenuator when
the shielded lead is not used. This dis-
charge current may be sufficient to
damage the trap circuit unless the
small blocking condenser is used.
Aligning of the mniore modern sets
should preferably be done using an un-
modulated signal, in accordance with
the manufacturer’s recommendations as
given in service manuals. If modula-
tion is used, the modulation percent-
age control should be kept about one-
third “on.”” The modulation frequency
control may be adjusted to give the
most agreeable note, which will vary
with the line voltage. If a double peak
is noted on the modulation note, which
may occur with home-made, universal-
wound, coils, it is indicative that criti-
cal coupling between the secondary and
tickler coils has not been achieved. The
tickler coils should be adjusted, by
varying the coupling to the secondary
coils, until only a single peak occurs.
A double peak on the high-frequency
coils, occurring with or without modu-
lation, is due to poor image-frequency
ratio and is normal with practically all
present-day superheterodyne receivers
on the ultra-high frequency bands. The
proper point for aligning and calibra-
tion is the higher or highest frequency
to which the receiver can be resonated.

Parts List

C1, C2—Aerovox mica condenser, type 1467,

.002 mid,

C3, C4, C7, C8, C9, C10, Ci4, Ci15, Ci6,
C17, C18—Aerovox cartridge condensers, .1
mfd.,, 200 volts

C12, €13 (in one can)—Aerovox duel electro-
lytlic condenser, 8-8 mfd., type GG2, 200
volts

C6—Aerovox mica condenser, type 1467, .0001

mid.
CllaAerovox mica condenser, type 1467, .001

mid.
C5—National type SEH335 variable condenser,

270 dc%cce, 335 mmfd,
J1, J2—Na-Ald pin jacks, with

bushings

Rl1—Lynch fixed resistor, 100,000 ohms, Y%
watt

R2—Electrad type 203, taper F, volume con-
trol, with switch, 500,000 ohms

R3—Electrad type 203, taper F, volume con-
trol, 500,000 ohms

insulating
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Fig. 68—Top; Fig. 69—Center
Fig. 70—Bottom

R4—{;ynch fixed resistor, 500,000 ohms, %
wa

RS, R6—ILynch fixed resistor, 100,000 ohms,
Y%  watt

R7—Lynch fixed resistor, 150 ohms, 4 watt

R8—Lynch fixed resistor, 10,000 ohms, 1 watt

R9—Lynch fixed resistor, 6000 ohms, 1 watt

R10—Lynch fixed resistor, 500 ohms, %4 watt

R11—Electrad type 272W, taper F, volume
control, 100 ohms

R12—Ohmite power cord resistor, 268 ohms

R13—Lynch fixed resistor, 25,000 ohms, %4

watt
SWi1—(See R2)
SW2—Toggle switch, s.p.d.t.
SW3—Yaxley gang switch, 2, deck- 6-point
le—](gcncral Electric special type T-4%4 neon

u

T2—6A7 tube

T3—25Z5 rectifier tube

T4—Pilot light, 3.2 volts, .3 amp.

1 National velvet vernier dial, type B, for 270-
degree condenser, with pilot lamp_ bracket

1 National ‘“Radio News Signal Generator”
cabinet

National “Radio News Signal Generator” coils
(set of 6)

1 line plug .

1 rubber grommet, Y-inch

Miscellaneous screws, wire and spaghetti tub-

ing

National small 7-prong isolantite tube socket

Eby 6-prong tube socket, base-mounting type

Kenyon miniature 30-henry choke

piece bakelite, 314 inches by 234 incher,

14 inch thick (for coil mounting)

piece bakelite, 174 inches by 2} inches,

14 inch thick (for line filter mounting)

shielded output lead

et et e e
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Trouble Shooting

HROUGH the courtesy of the National Radio
Clnstitute, Washington, D. C., the editors pre-
sent herewith information which should prove
extremely valuable to all servicemen and equally

helpful to every radio man.

The first part is devoted to a list of common causes
for receiver breakdown under which are noted prob-

article.

able reasons. The numbers in parenthesis after each
item refer to paragraphs in the second part of this

Part Two of Radio Trouble Shooting covers service

procedure for repairing common ailments in radio

Part One

receivers, in addition to outlining various simple
devices for testing purposes.

Symptoms of Defective Receivers

Tubes Do Not Light

Poor Tube and Socket Contact. (1)

Loose Connections. (2)

Tubes, Defective. (3)

Open or Short Circuits. (4 and 6)

Grounded Filament Circuit. (5)

Open Primary Power Transformer. (7)

Open Secondary of Power Transform-
er, Low Voltage. (7)

Open Lead in A.C. Plug Cord. (4)

Tubes Light But No Signal

Poor Conncctions or High Resistance
Joints in Antenna or Ground. (8)
Short Circuited Lightning Arrester.
Replace

Grounded Lead-in or Antenna. (9)

Short-circuited Antenna Coil. (10)

Short-circuited Tuning Condenser. (11)

Poor Tube and Socket Contact. (1)

No Plate Voltage on A.F., Detector or
R.F. Tube. (12 and 13)

Open in Grid Circuit. (14)

Speaker Demagnetized or Coil Burned
Out. (15 and 16)

Defective Speaker Cord. (17)

Loose Connections. (2)

Defective Rectifier Tube in Eliminator.
(18, 19 and 20)

Tubes, Defective. (3)

Transformers, Defective. (7)

Incorrect Grid Voltage. (21)

Open Circuits, (4)

Choke Coils, Defective. (22)

Defective Filter Condensers. (23)

Open or Shorted By-Pass Condenser.

3
Varia{)le Condenser Shorted or Stator
Grounded. (5 and 23)
Grid Condenser Shorted, Open or
Grounded. (5 and 23)
Grid Leak Grounded. (5)

Plates of Rectifier Tube Red Hot. (24)

No Field Current in Loudspeaker. (16)

D%fective Speaker. (25, 26, 27 and
8)

Woeak Signals

Poor Connections or High Resistance
Joints in Antenna or Ground. (8)

Line Voltage Low. (29)

Short-circuited Lightning  Arrester.
Replace

Tube in Wrong Socket. (30)

Acrial Too Short. (31)

Microphonic Tube. (32)

Grounded Lead-in or Antenna. (9)

Defective Filter Condenser in Power
Supply. (33)

Recciver Not Neutralized. (34)

Condensers Not Matched. (35)

Excessive Oscillation. (36)

Poor Tube and Socket Contact. (1)

No Plate Voltage on R.F. Tube. (13)

Defective Grid Leak. (37)

Grid Leak of Improper Value. (38)

Le(ast}; Fixed or By-pass Condenser.

Spelaécer Demagnetized or Coil Open.

Poor Ground Connection. (40)
Ex(%els)sive Voltage on Detector Tube.
Defective Speaker Cord. (17)
Defective Buffer Condenser. (42)
Loose Connections. (2 and 43)
Im;;:"‘t;per Voltage on Power Tube.

(
Defective Rectifier Tube. (45)
Tubes, Defective, (3)
Incorrect Voltages. (46)
Open in Ground Systerh. (47)
Open Circuits. (4)
Variable Condensers. (48 and 49)
Volume Control, Defective. (50)

Grounded Circuits, (5)

Choke Coils, Defective. (22)

Open Bias Resistance. (4)

Open Secondary R.F. Transformer. (7)
Shorted Primary Transformer. (7)
Shorted Secondary Power Trans. (7)
Audio Transformer Defective. (7)
Open Grid Circuit. (4)

Open Antenna Choke. (22)

Opgg or Shorted By-pass Condenser.

Variable Condenser Shorted or Stator
Grounded. (5 and 23)
Sp(e:)kcr Field Circuit Open or Shorted.

Speaker Voice Coil Grounded. (5)
Co(r;tlr)ol Grid Clips Loose or Grounded.
De(f;;)tive Rectifier Loudspeaker Unit.
Open in Grid Circuit. (14)

Distorted or Muffled Signals

Tube in Wrong Socket. (30)

Excessive Power Supply Voltage. (53)

Receiver Not Neutralized. (34)

Defective Grid Leak. ( 37)

Grid Leak of Improper Value. (38)

Speaker Demagnetized, Coil Open,
(15, 16)

Ex%elssive Voltage on Detector Tube.

Excessive Filament Voltage. (54)
In}gt;;per Voltage on Power Tube.
Defective Rectifier Tube. (45)

Grid Resistance Shorted. (56)

Tubes Defective. (3)

Incorrect Voltages. (46)

Incorrect Grid Voltage. (21)

Too Great Signal Strength. (57)
Volume Control, Defective. (50)
Open Bias Resistance. (4)
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Open Grid Circuit. (4)

Grounded or Open Resistor. (5)

Open. Shorted By-pass Condenser.
(23)

Grounded, Open Biasing Resist. (5, 56)

Half of Push-Pull Transformer Sec-
o?dary Open, Shorted, Grounded.
G, 7)

Speaker Voice Coil Grounded. (5)

Defective A.F. Transformer. (58)

Defsectivc Loudspeaker Rectifier Unit.
(52)

High Resistance Across Secondary of
Audio Frequency Transformer. (59)

Motorboating. (60)

Thermostatic and Other Make-and-
Break Connections. (61)

High Resistance Connections. (43)

Speaker Voice Coil Off Center. (62)

Defective Speaker. (25 to 28, 63 to 66)

Electrolytic Defect. Condenser. (67, 68)

Push-Pull Tubes Not Matched. (69)

Poor Distance Reception

Aerial Wire Loose or Swaying. (70)

Aerial Close to High Voltage Wire.
71)

Poor Connections or High Resistance
Joints in Antenna or Ground. (8)

Short-circuited Lightning Arrester. Re-
place with new one.

Tube in Wrong Socket. (30)

Aerial Too Long. (72)

Aerial Too Short. (31)

Grounded Lead-in or Antenna. (9)

Excessive Power Supply Voltage. (53)

Short-circuited Antenna Coil. (10)

Short-circuited Tuning Condenser. (11)

Receiver Not Neutralized. (34)

Condensers Not Matched. (35)

Poor Tube and Socket Contact. (1)

Open in Grid Circuit. (14)

Poor Ground Connection. (40)

Excels)sive Voltage on Detector Tube.
4

Loose Connections. (2, 4, 43, 61)

Defective Rectifier Tube, (45)

Tubes, Defective. (3)

Incorrect Voltages. (46)

Open in Ground System. (47)

Variable Condcnsers. (48 and 49)

Volume Control, Defective. (50)

Open Secondary R.F. Transformer, (7)

Audio Transformer Defective. (7)

Open Grid Circuit. (4)

Open Antenna Choke. (22)

Defective R.F. Tube. (3)

Variable Condenser Shorted or Stator
Grounded. (5, 23 and 49)

Co(nstlrol Grid Clips Loose, Grounded.

)
Outside interferencee. (74)

Howls and Oscillations

Poor Connections or High Resistance
Joints in Antenna or Ground. (8)

Tube in Wrong Socket. (30)

Acerial Too Short. (31)

Microphronic Tube. (32)

Excessive Power Supply Voltage. (53)

Receiver Not Neutralized. (34)

Excessive Oscillation. (36)

No Plate Voltage on R.F. Tube. (13)

Grid Leak of Improper Value. (38)

In?;:;:)tive Coupling Between Circuits.

Howling as Tubes Heat Up. (76)

Filament Not Grounded. (?7)

Grid Leads Too Long. (78)

Poor Ground Connection. (40)

Ex((;els)sive Voltage on Detector Tube.

Excessive Filament.'Voltage. (54)

Improper Voltage on Power Tube. (44)

Speaker Too Close to Receiver. (79)

Motorboating. (60)

Tubes, Defective. (3)

Incorrect Voltages. (46)

Grid Suppressor Shorted. (56)

Excessive R.F. Voltage. (46)

Open Secondary R.F. Transformer. (7)

R.F. By-Pass Poorly Grounded. (5)

Open) or Shorted By-Pass Condenser.
(23

Shorted R.F. Choke Coil. (22)

Defective R.F. Tube. (3)

Inductive Effect From Aerial. (80)

Thermostatic and Other Make-and-
Break Connections. (61)

High Rcsistance Connections. (5, 43)

Speaker Cord Close to Tubes. (32, 79)

Fading Signals

Aerial Wire Loose or Swaying. (70)

Poor Connections or High Resistance
Joints in Antenna or Ground. (8)

Poor Tube and Socket Contact. (1)

Fading Signals. (Natural.) (81)

Defective Rectifier Tube. (45)

Resistances, Defective. (56)

Tubes, Defective. (3)

Volume Control, Defective. (50)

Variations in Electric Line Voltage.

De(fsezc)tive Rectifier Loudspeaker Unit.
Th(esx?rzlostatic and Other Make-and-
Break Connections. (61)
Hum
Aerial Close to High Voltage Wire.
Cogélilctive Coupling Between Circuit.

Microphonic Tube. (32)

Short-circuited Tuning Condenser. (11)

Defective Filter Condenser in Power
Supply. (33)

Open in Grid Circuit. (14)

Speaker Too Close to Receiver. (79)

Defective Rectifier Tube. (45)

Tubes Defective. (3)

Incorrect Voltages. (46)

Open in Ground System. (47)

Tubes in Push-Pull Transformer, (69)

Loose Connections. (2, 4, 43, 61)

Volume Control, Defective. (50)

Power Transformer Center Tap In-
correct, (83)

Lack of Ground on Core, Chassis. (84)

Loose Lamination in Power Pack or
Audio Transformers. (85)

Hum in Dynamic Speakers. (86)

Resonant Effect in Room. (87)

Sensitive Detector Tube. (88)

Varsigtions in Electric Light Current.
(82)

Resonant Effect in Cabinets. (89)

R.F. Tube Oscillating. (90)

Indguc)tion From Nearby A.C. Lines.
91

Open Secondary R.F. Transformer. (7)

Improperly Grounded Filament Cir-
cuits. (5)

Open Filament Mid-Tap Resistors. (56)

Defective Filter Condensers. (23)

Shorted Filter Choke. (22)

Open Grid Circuit. (4)

Grounded A.F. Transformer. (5)

Open Antenna Choke. (22)

Ground Binding Post Not Making
G4¢;od Contact with Chassis Frame.

Grounded or Open Choke Coil. (5)
Grounded or Open Plate Circuit. (5)
Grounded or Open Resistor. (5)
Hum Adjuster Defective. (56)
Ongg) or Shorted By-pass Condenser.
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Open Grid Bias Resistance By-pass
Condenser. (92)

Lack of Grid Resistance By-pass Con-
denser. (92)

Open Grid Circuit Filter By-pass Con-
denser. (23)

Grid Bias Resistance By-pass Con-
denser Capacity Too Low. (92)

A.C. Plug Reversed. (93)

Pilot Lamp Grounded. (5)

Speaker Field Coil Decfective. (5, 22)

De(fseztz)tive Loudspeakcer Rectifier Unit.

Defective Rectifier Condenser in Loud-
speaker. (94)

Localizing Hum. (95)

Thermostatic and Other Make-and-
Break Connections. (61)

Broad Tuning

Aerial Too Long. (72)

Receiver Not Neutralized. (34)
Condensers Not Matched. (35)

Poor Tube and Socket Contact. (1)
No Plate Voltage on R.F. Tube. (13)
Grid Leak of Improper Value. (38)
Filament Not Grounded (77)

Grid Leaks Too Long. (78)
Ext‘:‘e]ssive Voltage on Detector -Tube.

Excessive Filament Voltage. (54)
Loose Connections. (2 and 43)
Wave Trap Necessary. (96)
Defective (R.F.) Tubes, (3)
High Resistance in Grid Circuit. (97)
Open Bias Resistance. (4)
O;E%g) or Shorted By-pass Condenser.
Partially Open Grid Circuit. (4)
Variable Condenser Partially Shorted,
Egtitor Partially Grounded. (5, 23,
Co(r;t]r)ol Grid Clips Loose, Grounded.

Noise
Crackling and Scratching

Aerial Wire Loose or Swaying. (70)

Aerial Rubbing or Close to High Volt-
age Wire. (71)

Poor Connections or High Resistance
Joints in Antenna or Ground. (8)

Partially Grounded Lead-in or An-
tenna,

Short-circuitad Tuning Condenser. (11)

Defective Filter Condenser in Power
Supply. (33)

Receiver Not Neutralized. (34)

Excessive Oscillation. (36)

Poor Tube and Socket Contact. (1)

Defective Grid Leak. (37)

Lezkgy Fixed or By-pass Condenser.
(39)

Partial Open in Speaker. (15)

Poor High Resistance Leak Across
Ssegc;mdary of Audio Transformer.
(

Tht;7 Filament Should be Grounded.

Poor Ground Connection. (40)
Defective Speaker Cord. (17)
Defective Buffer Condenser. (42)
Loose Connections. (2, 4, 43, 61)
Outside Interference. (74
Motorboating. (60)

Defective Rectifier Tube. (45)
Resistances, Defective. (56)
Tubes, Defective. (3)
Transformers, Defective. (7)
Condenser, Defective. (23)
Variable Condensers. (48, 49, 98)
Volume Control, Defective. (50)
Grounded Circuits. (5)

A.C. Plug Elements Loose. (2)
Audio Transformer Defective. (7)
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Condenser Plate Bent. (48)

Leaky Condensers. (23)

Defective Filter Condensers. (23)

Ground Binding Post Not Making
Good Contact with Chassis Frame.
47)

Loose Shields or Improperly Grounded
Shields. (47)

Open or Shorted By-pass Condenser.
(23)

Noisy Resistors in Power Pack. (99)

Pilot Lamp Loose in Socket. Tighten.

Defective Audio Transformer. (58)

Thermostatic and Other Make-and
Break Connections. (61)

Undesirable Contacts in Tuning Con-
densers. (49)

Control Grid Clips Loose, Grounded.
(1)

Defective Speaker. (25 to 28, 63 to 66)

Defective Electrolytic Condenser. (67,
68)

Speaker Voice Coil Grounding. (5)

Noise
Hissing

Leaky Fixed or By-pass Condenser.
(39)

Defective Rectifier Tube. (45)

Open or Shorted By-pass Condenser.
(23)

Noise
Periodic

Aerial Wire Loose or Swaying. (70)
Poor Connections or High Resistance
Joints in Antenna or Ground. (8)
Microphonic Tube. (32)
Grounded Lead-in or Antenna. (9)
Poor Tube and Socket Contact. (1)
Poor Ground Connection. (40)
Defective Speaker Cord. (17)
Loose Connections. (2, 4, 43, 61)
QOutside Interference (Static). (74)
Thermostatic and Other Make-and-
Break Connections. (61)

Common Causes of Incorreet Voltages

High Plate Potential

Insufficient load upon power pack due
to weak tubes. (3)

Open high current load in receiver.
(14, 56)

Short circuited voltage reducing resist-
ance. (56)

High line voltage. (46)

High grid bias voltage. (21)

Incorrect power pack divider tap. (46)

Open blegder resistance between cir-
cuits. (14 and 56)

Open bleeder resistance in divider. (4)

Shorted filter choke in power pack. (22)

High Plate Voltage

On All Tubes
(Output Tube Plate Current Low)

Excessive grid bias resistor (output
stage). (21)
Defective output tube or tubes. (3)

Low Plate Potential

Excessive current drain upon power
supply. (3 and 35)
Open or leaky filter condenser. (33)

Oscillations
(Screen Grid Receivers Only)

Open Screen Grid By-pass Condenser.
(23 and 92)

Open R.F. Plate By-pass Condenser.
(23 and 100)

Open Grid Bias Condenser. (23)

Variable Condenser Not Grounded.
(47)

Rotor Plates of Condenser Making
Poor Contact. (43 and 98)

Poor Ground Connection. (8)

High Resistance Connection in Series
with a By-pass Condenser. (2 and
43)

Chassis Base Plate Loosely Attached
to Chassis. (47)

Tube Shields Not Secure and Not
Grounded. (47)

High Line Voltage. (46)

Too High Screen Grid Voltage. (101)

Open Grid Circuit. (4)

Control Grid Clips Loose, Grounded.
(51)

Inductive Effect from Aerial. (80)

Undesirable Contacts in Tuning Con-
densers, (49)

Line Fuse Blows

Defective Rectifier Tube. (45)

Defective Power Tube. (3)

A Power Line Wiring Ground to the
Chassis. (5)

A Defective Power Transformer. (7)

Line Voltage D.C. Instead of A.C.
(102)

No Signals
(Superheterodyne Receivers)

Incorrect Voltages on the Oscillator,

Detector, Intermediate or Audio
Frequency Tubes. (46)
Oscillator Tube Not Oscillating.  (103)

Weak Signals

(Superheterodyne Receivers)

Incorrect Plate Voltage. (46)

Oscillator Tube Not Functioning Prop-
erly. (103)

Intermediate Frequency Transformers
Not Properly Matched. (104)

Insufficient grid bias. (46)

Shorted bleeder resistance. (56)

Low line voltage. (46)

Defective operation of line ballast. Re-
place with a new one.

Leak thru by-pass condenser. (23)

Shorted or defective section of voltage
divider. (56)

Defect in power transformer. (7)

Defective rectifier. (45)

Defective filter choke. (22)

Low Plate Voltage
On All Tubes

(High Plate Current in Rectifier)

Defective filter condenser. (33)

Short in voltage divider system. (56)

High resistance short in output tube
plate circuit. (5)

Resistance short in eliminator filter
chokes. (22)

Gassy tube in output system. (3)

Low Plate Voltage
(High Plate Current in Output Tube)

Shorted or grounded grid bias resistor.
(5 and 56)
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Radio Frequency Compensating Con-
densers Out of Adjustment. (105)
Oscillator Tuning Condensers Out of

Adjustment. (106)

Howling
 (Superheterodyne Receivers)

Defective Volume Control. (50)

Poor Ground Connection. (8)

Intermediate Frequency Transformers
Not Properly Matched. (104)

Incorrect Adjustment of Radio Fre-
quency Compensating Condenser.
(105)

Open Grid Circuit.. (4)

Open Loop Aerial. (4)

Open Detector Plate Circuit. (4)

High Resistance in Grid Circuit. (2, 43)

High Resistance Connection. (43)

Excessive Plate Voltage. (46)

Receiver Oscillates
(Superheterodyne Receivers)

Too High Plate Voltage on Interme-
diate Frequency Stage. (46)
By4—7pass Condenser Not Grounded. (43,
)
Open By-pass Condenser. (4, 23)
Loop Aerial Lead Too Close to In-
termediate Frequency Trans. (80)

Poor Distance Reception
(Superheterodyne Receivers)

Intermediate Frequency Transformers
Improperly Adjusted. (104)

Loop Aerial Not Connected. (4)

Oscillator Not Functioning Properly.
(103)

Radio Frequency Compensating Con-
densers Out of Adjustment. (105)

Oscillator Tuning Condenser Out of
Adjustment. (106)

Broad Tuning
(Superheterodyne Receivers)

Intermediate Frequency Transformers
Improperly Adjusted. (104)

Defective Tube. (3)

Osl%i‘l“])ator Not \Working Properly.

and Currents

Shorted or grounded grid bias resistor
bypass condenser. (5 and 92)

Ground connection to input push-pull
secondary winding open. (7, 47)

Open grid bias resistance. (56)

Open grid circuit. (14)

Gassy output tube or tubes. (3)

No Plate Voltage
On All Tubes

Shorted power transf. winding. (7)
Shorted filted condenser (23)
Defective rectifier tube. (45)

Open filter choke. (22)

Open in —B circuit. (14)

Ground in output tube plate circuit. (5)

No Plate Voltage Upon One
Tube and Reduced Plate
Voltage Upon Other Tubes

Open R.F. choke in plate circuit which
dg;’,s not secure plate voltage. (14,
2

Shorted bypass condenser. (23)

Grounded plate circuit. (5)
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Shorted voltage divider bleeder section
if it is the detector tube. (56)

Grounded plate coupling unit in plate
circuit. (5)

Shorted plate element in tube. (3)

No Plate Voltage On

Output Tubes
(Plate Voltage Available
on Other Tubes)

Open in plate circuit. (14)

Open in output unit. (14)

Open in —B connection to grid bias
resistance., (14)

Open in grid bias resistor. (84)

Excessive Plate Current

Gaseous tube. (3)

Insufficient grid bias. (21, 46)

Excessive plate voltage. (3, 21)

Excessive positive bias upon screen
grid. (46 and 56)

Open grid circuit. (14)

No Plate Current

Open plate circuit. (14)

No plate voltage. (See above.)

Open filament circuit, cathode circuit.
(14)

Defective tube. (3)

Very high negative bias. (21, 46)

Insufficient Plate Current
(Normal or High Plate Voltages)

Defective tube. (3)

1. POOR CONTACT BETWEEN
TUBE AND SOCKET. Intermittent
reception f{requently is the result of
loose contacts or faulty joints. Keep
prongs of all tubes clean, bright and
well polished with fine emery cloth,
also the springs in the tube sockets.
The springs should make firm contact
with the prongs of the tubes. If nec-
essary to adjust the springs, use a
small stick of wood. Never use a
metal object while the power is con-
nected to the set, or in the case of
battery sets, without disconnecting the
B negative power lead.

2. LOOSE CONNECTIONS. Loose
or improperly soldered connections can
usually be located by touching the
various joints in the receiver with a
wooden stick. An orange wood stick
can be used which is very durable and
can be bought at drug stores. Press
firmly on each joint. Very often joints
that appear to be well soldered are
held only by resin. If the receiver is
properly connected for operation, the
pressure on a suspected joint will usu-
ally produce a clicking sound in the
loudspeaker. Another frequent cause
of trouble is broken wiring under the
insulation of flexible wire. Manipula-
tion of the wire from side to side will
usually indicate where the trouble oc-
curs.

Low filament voltage,
High grid bias.
Low screen grid voltage.

(See above.)
(See next par.)
(14, 56)

High Grid Bias

High plate current.
Plate Current.”)
High value of bias resistance.

rect value.
Defective bias resistance. (56)

(See “Excessive

Use cor-

Low Grid Bias

Low plate current. (See “Lew Plate
Voltage.”)

Shorted bias resistance or bypass con-
denser. (23 and 56)

Defective resistance or incorrect value.

(56)

No Grid Bias
(High Plate Current)

Shorted grid bypass condenser. (23)
Grounded cathode. (5)
Grounded filament. (5)
Open grid circuit. (14)

Low or No Screen Voltage

Open variable control for screen grid
voltage. (14 and 56)

Open screen grid circuit. (14)

Open resistance in screen grid circuit.
(14 and 56)

Pare¢ Two

Service Procedure

Trouble shooting for intermittent re-
ception is the hardest job and must be
done progressively from one end of the
receiver to the other. Random tests
may find the fauit but results are not
so certain, Also see pars. 43 and 61.

3. TUBES, DEFECTIVE. Al
tubes should be tested in a tube tester
and defective tubes replaced. Any deal-
er in tubes will test them free of
charge. Tubes that give poor results
in the R. F. sockets will sometimes
give good results as audio amplifiers.
Occasionally a ‘“soft” tube, that is, one
that oscillates easily when used in a
R. F. amplifier, will cause the ampli-
fier to oscillate. In this case the tube
should be replaced or possibly used in
another socket. An extremely sensi-
tive detector tube will cause an A. C.
hum if the receiver is extremely criti-
cal.

Sometimes a tube that tests perfect
will not work satisfactorily in any
socket. Try new tubes that are known
to be in good condition,

Important: In changing tubes in a
receiver, always be sure that the cor-
rect tube is placed in the correct
socket. That is, never place a 226 type
tube in a 171 type socket, or vice versa,
as the tube will burn out. Also it is
advisable to turn the power off when
changing tubes because removing two

3

No Screen Voltage

Upon One Tube

(Low Plate Voltage Upon Other
Tubes)

Grounded variable control. (5)

Shorted screen grid bypass cond. (23)

Grounded bypass condenser in screen
grid circuit. (5 and 23)

Short in voltage divider across bleeder
or screen grid control resistance.
(56)

Shorted screen grid in tube. (3)

Excessive Filament
or Heater Potential

Incorrect adjustment of voltage reduc-
ing resistance. (46)

High line voltage to power pack. (46)

Insufficient load upon filament or heat-
er winding; open filament circuit, or
defective tubes. (3 and 14)

Wrong tube. Use correct tube.

Short circuit in power transformer pri-
mary. (46)

Insufficient Filament

Or Heater Voltage
Too great load on heater or filament
winding.

Low line voltage. (46)

Wrong tube in socket causing exces-
sive current drain,

Incorrect line voltage reducing resist-
ance. (46)

Defective operation of ballast. Replace.

Short circuit in transformer. (7)

Short circuit in filament circuit. (14)

or three tubes will result in increased
filament voltage overloading the tubes
remaining in the circuit and may thus
shorten their lives or change their
characteristics.

In some cases this may cause the
filter condenser to burn out due to the
removal of the plate load. Also see
paragraph 55.

4, OPEN CIRCUITS. Test all cir-
cuits for continuity, using voltmeter
and battery method. If possible check
with schematic diagram of receiver or
power unit

5 GROUNDED CIRCUITS. Al
receivers using a metal chassis gener-
ally have the chassis grounded. For
this reason, a careful inspection should
be made to see that no piece of appa-
ratus or bare wire is touching the
chassis that is not supposed to be con-
nected to the chassis. This can be de-
termined by comparing all connections
with the schematic diagram and making
continuity test.

6. TUBES DO NOT LIGHT.
Trace circmt diagram and locate
broken wire or open circuit. If the
circuit seems to be correct, examine the
switch and rheostat and see that they
are making proper contact.

7. TRANSFORMERS, DEFEC-
TIVE. A voltmeter and “B” battery
should be used for testing the continu-
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100 | — | TMREINTAS | 100 —_] — 3.5 17300 [ csoJ ) —
L .
6F7 PENTODE SMALL 7P na o 417 2 1847 | raTor 63| 03 ‘uo_‘ 100 o e 250 100 1.5 6.5 | 850000 ] 1100 I 900 — | &7
| e TxER" 250 | ~100| 100 | 06 | 28 2::,',"“"’"" b A
oerEcTOR . . i
ooa | OGN [weowmerw| rar | x| bt | o] o3| | — | BRHE | o TSRS | s | o] we| m C
01| otrecton o i . . oc CRIEES] 7.5 | 11000 73 ]
ARPFER el o | Mo SH” 2 17 | o [ s0] o025 | ns | — fassaawune| 58 C 30 3.0 | 10000 80 | 80 oA
10 | POWER AMPLIEA | wyoim epe | ria. 1 s}« 1,1,' rasent | 781 135 | a3 | — feussasurunen| 30 -N00 T 180 -1l & 1l 22 10
I e, wD &P non | ¢° 11y ' .
AMPLIT I u [ 3 -5 2.5 usoo Qs 6.6 13
12 s Tc wonm el 6t | gy g oalie | e | 1] oas | ms | [cussameune ik 0% P il Mo T
19 TWIN.TRIOOE o, . . D<C ] Powet cutput v-!uc ™ Tos one tube 10600 3.1
AMPLIFIEA AL - B 4l %" | pumeny | 2.0 026 | 138 | —— | ctass B amrunien = 11 i valeal el tplaic ia piate: 10000 4 19
2o | rowenameune | i eom | mioy . . oc ~16.3 3.0 2000 as [ 33 9600 | 0.045
”“ it 47 214 | iy | 33| 0.132] 138 | — | classa avrurea —22.3 6.5 6300 25 ] 33 6s00 | oui0 | 29
Py AMPUFA | peonns com| e ¢ . . Y3 SCAEEN CAID s e 0.6 | 1.7 | 125000 31s [ 20
TETROOE. $HTx | nddmor | 33| e s | ens | MMERGAR ~ 1.5 ers | 130 | 3.7 | y2s000 s00 | 160 2
e :?ﬁlu"n& 3.0 90 1.7% [ 4.0 | «o0000 1000 400 e
204 A wtn | permme som 0 a 5 ) . —30| 172 .0 | 6ooo00| 1050 | es0
TETRGOR na SHERRSE N N2 [ [Nars e ——pe——— S0 Bote Flate current to be sdjusted to 0.1 miliampere g
appron || 43 with no signal.
28 e MEDIA 4-PIN na . 2 LAMENT z = = R ] [T —— ey 2.9 8900 933 .3 E A
TRI0OL. t 4" s 1l n L5) ros| 130 Qassameunen) (o | g 1 2300 150 3 %
s |- 9.0 3 9000 1000 l -0 [
oeTeeTon LSS A Beu =t | S
2 ek | weonmern| nas | g wapt| wearon | oas| owas| oas| — ARl = e R ‘:”. = “° -3 | 2
TR08 8 o o ST SRR s S 5
oeTecTON, W[ - 43 T 1060 lso
30 Pt L erm | rar | 4 aay? | pBGwy| 20] 08| 10| — | cusameunm| s | -90| — | — | 30| 1000 — | — »
Lo * wo | -1 3.1 | 10300
#Por Gnd leak Detoction—plate volts 45, gnd seturn 10 4 Alament o to cathode. ® Appiied through plate coupling resistor of 250000 chma or 500-henry choks shunted by 0.23 megohm senstor. *Ma
31| RSN s oem | mar | 4« 087 ] 20| 0| we| —[amsaneuna] BT oHST T — T8¢ o | ot | 3
ok caip S g
RE AR | mioiom e | ma % ! oL 2. . 7 = ot Lotel
r TETRGDL S| shT 2T puson o Bend Blad b Plate current 1o be adjusted 10 0.2 milliampere »
BiAS DETECTOR K T Sl
33 PENTODE MEDIUM P nas 4437 x 11" nu”,f..' 20| 0.3 100 | 100 | CLASS A AMPLIAER s.0 | 22.0 $5000 1700 ] 6000 [X] 13
ONTY ——e
¥ v . o SCREEN CAtD .9 g
u Arampran | mowmerw|  na ol sht s 117 B8y | 20| c0e| a0 ers [ KrEERGD B3 W ) ol W — ! — |
T
0 A f— . B SCALEN CRID 2.5%| 6.3 | 300000] 1020 | 308
3 RE AMPLY oM ePiv | P B S’ x i HEATER .80 15| ams L AF AMPUFIER 2.5° ) 6.5 | 400000 420 i
— 1 T¥ [ I [ ]
SCRETN CRID
iR P 3.1 | sooooof 10s0 | sas | — | —
8 MtTooe oL eem | nae | ot a1t | woren | g 03 | aso| g0 | MAURITER 3.2 | ssoooof 1080 | s93 )
BiAS DETECTOR JE— -1 elampere
1.3
DLTECTOAN CLASS A AMPLIFIER| — 4.3 — —
37 A'::ll‘;:"? SMALL 5P nas 47 =N HIATIA 63| 0.3 30| — Y o 37
TSTBETiaIoR Plate curienl 10 be sduited (007 Filliompere
0 signal.
V.3 | 7.0 | 140060 5[ 10 [ 15000 ] 0.7
38 | POWELANGLT| suanerm | masa| ot xant| wuren | 63| 0 | 2s0f 250 | cuassa aeurien 2.4 [ 100 | Dsooo| 1030 | 120 | 1600 | 1000 { 38
3.8 ) 220 | 100000| 1200 ] 320 | 10000 | 2.50
SUPERCONTROL - 1.6 | 3.6 | 375000 950 [ 960
3944| R AMRLIACR L orm | ram| x| woaren 63 03 | 20| 90 o, 7, 2 1.4 | s | 750000 1000 | 780 | —= | —— | 3944
PENTODE H L AT 1.4 | 5.8 | 1000000 1050 | 1050
For Grid-leak Dumm—wn volts 45, eeturn to 4 flament u © cathode. @ Appiied through plate coupling ressstor of 250000 oheme or $00-henry choke shunted by 0.28 megohvu temstor,
‘I:hh.r A.c. or D may be used f.f"".m or heater, exce pecifically noted. F WAppled through plate coupling resistor of 100000 ohma. Y 4 -
ConACH 1y pets doereasv st ated Go[Volta iy 5§ Copprons) &l Fllene i volteyes *Mazimum.
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F1G. 14 FIG.15A Fi1G.18 FI1G.19 FIG.20
INDEX OF TYPES BY USE AND BY CATNOOE VOLTAGE
tarmeot 1 VOLTAGE AMPLIFIERS COMVERTERS in MIZER TusEs
oLt R Including Dupler-Drocte Wrpes SUPEAHETERODYHESR e N SUPEAKETLRODYNES rorA o
N 1,12 e 11, 17 — 1)
1.5 26 — —— (K]
2.0 19.31, 35, 6 30.32. 34 146, 1C6 30,32 1A8. 1Cs. 34 — 2.0
A3, 145, 43, 46, 2A5, 787, 14.A, 27,35, A5, 287, 34- A. 1,
23 47, 53, %0 53, 55, 1, 58 247 55, 95, § 2AT,24.A, 38, 87,58 82 28
33 ‘20 7. '" - ‘99 —— [— 33
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tic Chart

RATING A MUTUAY o p. LoAD
Use PLATE CON- FOR |POWER
SOCKET MAXIMUM MANDN o ISCREEN PLATE | PLATE AGE
Valuss L .
e NAME Base  [coWNEC | OVERALL [ CATMODE| “igrma e |scecen|"SLE S5LIN| SUP- | GRID ISCREENT, ) iy | mesis. | OV [ aupwi- | STATEE) OUT | pype
TEs PLY | YOLTSm| VOLTS TANCE POWER | PUT
TIONS LINaTH o St S AMP, | AMP. | TANCE FICATION|
x MAX. | MAX. | ngcsted typus ee [YOLTS| oHmMs | MICRO- e s rroR OUTPUT| WATTS
olameTEr ReTel ek (ot 1wy MHOS OHMS
. . 150000 00
40 weowmeom [ nas | s 17| Sl | 50 0.2s | s | — | s s aveunea sl S 150000 100 Pt e |
o0 1.6 103500 1450 12000 0.33
4 MALL S04 A | 41 x| s 63 0.4 250 | 250 | CLASS A AMFLIFTER 180 3.0 #1000 1850 9000 1.50 41
250 | 5.8 68000 | 2200 7600 | 3.40
42 | TOWER AMPLWIER |oqronm eow | a1 | 4f)* a 1437 | weaten | 63| 0.7 | 230 | 250 |ciass s aerunien 250 | 6.5 100000 | 2300 7000 | 300 | 42
T - ) T T e D R TS T T el B - R =1 .
80 | -.5 | 1% 1650 | 1113 1700 | 0.61
45 | POWIRAMRUNIER lmeowm s | ria 0 A x| oo | 2.5] 18 1 218 —— faasaawuREr| 230 | —30.0 [ 250 | —— 1610 nvs 3900 | 1.60 a8
a3 | ~se0 | 278 1700 4600 | 2.00
5 250 | — lclassaameiiFiagl 250 —33.0 — | — 2380 mu 6400 1.2%
a8 OUAL- D som | no 7 st = 3% | mueewr | 2.8 178 360 0 Power output values re for 5200 | 16.0 48
POWER[AMITINR 400 | — [BASBGFLEIERGN 35 0 at inducated plate-to-pla $800 | 20.0
47 | POV Tueowm spw | nos (517w ahe” | oamonr | 28] 10 | a0 250 faussameurir| 250 250 | 6.0 [31.0 [ eoo [ 2500 wo | 27 [ 47
FOWLR Ami v . 3 %[ -18.3 W 38 |50 | — | % T | 3.0
8 e | meowm e [ mass | 537 x 2k wiaren | 30.0[ o.e | ouas g00 {cmssamwunon| U1 TO0E 00 | 9 fsee | —— | w0 1 35 48
o iz T3 | — [CasaaweiisD 15 | —200] — | —— | 6.0 7S | 1S 71000 | 0.17
. . .
9 POWER ANPLIER | MEDIUM SPM | A o7 x 1f} ey | 201 0a2 [T T cLass 3 amrLIFiER | 180 3 | —— | Power output value are for 12000 ad 49
POWER AMPUNEA . { %0 16
MLOIUM -0 na. o] x 24}° | rRamenT .50 128 | 450 | — |class A AMPLIAIER | 400 — ]| e— 3670 3.4 50
50 TRIODL b t l e 81 33
83 Tan OO0 [weonm reme| a2 [ app’ 1 i’ | weren | 28| a0 [ s00 | — Jous s weuna] 350 — w80 =
135 k5 15000 | 0.075
DuRLER-DiOOL AL SR} PRI g g | meaTzR 2.3| 1o | 250 | — | TuoccimTA | 180 — | — | & 20000 | 0.160 .
-] TRIGDE ] &% ARPLNER | 500 M 20000 | 0.350 d
SUPLR-TRIOOL CLASS & AMPLITIER | 250 — [ — [ 9500 | 1450 | 13.8 —
. .
B8 DA‘I::\‘V.!=I' SMALL $-PIN nae 4% x 1 ATOR 1.5 1.0 %0 | — BIAS DETECTOR 250 L;':oo.o' Plate current 1o .d,m.:‘u Oa mmumpm 88
SCREEN CAID exceeda
57 TotEcToR s erm | man [ of?x 187 | wearen | 2] 10 [ 250 | o0 [NPAMUIR LB RSl LIRS B By ] l ] 57
felig T 23 0ETECTOR. | 250 | — 1.95|  so |CoRodE cumemt Plare cnuphn[ resstor 750400 ohms. |
0.65 ma. Grid coupling resistor 250090 ohms
#Por Grid-iesk Detection—plete vaits 43, gnd return to + flament or to cathode 0Geid next 10 plate tied 1o plate. ¢ Two gnds Ued together.  *"For grid of (cllowing tube.
# Requires different socket from smail 7-pin. 2 Applied through plate coupling resistor of 250000 chms.
SCREEN CRID - 3.0 | [ l
250 10 | 2.0 | 8.2 lec0000 | 1600 | 1200 | — | —
58 sringonnor | e sem | mat Lot x g’ | warnn | 28| 10 | 250 | 100 "’m‘:':‘l'."“ { i t o
AMPUITIER s rircorng | 750 | ~10.0 f 100 | — | — Oncillator pesk volts = 7.0.
330 | — [t s amirien — | — |20 1300 | 2000 [T 6.0 3000 | 1.25
59 O en prowm rome | mais | 5]7 x| wearta 281 2.0 | 230 [ 250 oSS a aMAUIRER 25 | 9.0 [3s.0 [ eo000 | 12500 [ 100 6000 | 3.00 59
L o | — [ misore Tower output values are Tor 1tubes | 4600 | 15.0
CLASS B AMPLIFIER ot indicated piste-to- 6000 | 20.0
71-A Twooe "' |wrowm erw | ra s | afh w143 | nosenr | s.o| 025 | 1m0 | o | cass A ameLii — [ — |ee g B IR
78 | Surr200t | smaneem [ na et x| wonm |oes| 0o | a0 | — | AR — | — 0.4 |—— | — [ Ouin per stage = 5060 7
7% “‘.’-}i!".'ﬁ?‘ SMALL 5P na. e a}* 1% HLATER 62| 0. 250 Ch A “’n o :S.: 3.. ol ! 7
x 1 i — i E
AL % v € Eurrent 15 be CAJUHed to 0.1 lloere
e o 60 [ 0.4 | 1.7 [650000 | 1100 | 718
TRIMLEOMD Ar 109 | o | 2.3 hsooooo | 20 | 1500
OLTICTOR IMALL s1m na.n & * | waren ey o 50 | 100
n sertcron H s 1% " ———— 50| Cathod curreat i oupling ressor 50000 chira n
TRILEGRID 9 | 1.3 [ 5.4
. . ICREEN CRID s | o | 40
ke WHESONA |waieem | maw IMERT.Y HIATOR €3f 0.3 | 130 | 138 | RF amPUFIER wo | 1.7 | 1 L]
s | 2.6 |08
™ TaapTieR smaLeem | maw e x 14" | wuarnn | 63| o6 | 350 | — faasssavrunen - »
o UMDt | sew | mats | o x 1%t wurom | 63| o0 |30 | — | THCELETAL _— s
AS TRIOOL ’l — —
CLASS & AMPUHIER
ThALEOND 5
80 |[rowtnameunoe | WL | na W |« x 18" | waTon 0.4 | 250 | 250 PENTODE 9@ {3 ;g ©
M A AMPLIFIER 250 5:5
A3 TRIOOE @ output values are for
CLASS 8 AMPLIFIER == ed plate to-plate
v e s ewvs [ mare 337 x gyt 0 V%
X-'99 AR IR vl B ‘1. 3 |3' iy | 33| o083 90 | — Jansameunr| 90 | - 45| — | — | 2.5 | 15500 as X-'99
. . 0 CHEXE — 3¢ s400 | 1578
(2.4 Aprie meowm s | 1ot 4} x 1 rudaeer | S0 | 035 | 100 | — |aussaavrunta | o | T80 | e 3 ¥ 1300 H2-A
w For Ord-leak Detection—plate voits 43, gnd return to 4 flament or to eathod "9nd sl contral g Grid a1l screen, . Grid 43 fled ta cathode
wEither A. C. or D C. may be used on it avlhentar, cievpt s specthcallyinotell Faguse 10vid 1 in contred gnd. _ Grade 82 and 83 tied 0 plate. -Agohed lhlwu,h phll cousling sesistor o 230000 obuma|
of D\ C. on A-C filamaent types, decranse stated grid volie by b4 (appros.) of hlament roit nd 83 connected together. Gnd 83 tied to plats.
#Requires different socket {rom emall 7-pm.
RECT lFlﬂlS
oL IZ —
34 AT meorms som | ma g 9 2214 | namow | sof 30 | — [ — M:"u::: )2 o«;:e pee Plate. 55 MT::" RM3 ey
1213 ",,‘,‘i',,",’,‘,:’,," suat oo | oz | o}’ x| wwavon | 22.6) 03 | — [ — By, )ﬁ ;‘::' ‘{‘;‘:"l' 250 Voits, RMS 12
RECTIFIR. . Masimum Cden(t per Plate_ 175 Volts. RMB
2525 CousLIA sans sem | nob fef” x 14" | kumem [2s.0f 08 | — | — Maximum D-C Output Current_ "100 Milliamperes 2508
HALP - wavE Maximum A-C Plate Voltage 350 Volts, RMS
v Scrivien saLerw | mam |44 2 1% waren | 63| 03 | — | — Maxmum D-C Output Current 50 Milllamperes v
TuLLwave . . AT Vallage pev Plate (Voits KMS)_ 350 400 550 The 550 vok rating applies to Flier clicuita aving an
i neciivicn  [Meoomeew | rar (4" x W rumoa | 8.0 ] 2.0 | — | = | 5. Oupat Current (Maximum MA) 125 110135 input choke of at lesn 20 henries =
X . . Maximum A-C Plate Voita 700 Volts, RMS
81 ediirien meom epie | 103 | e}” s 37 o | 78| 128 | — | — Maaimum D-C Output Curvent, 85 Millianpeses '8l
FuLL wAvE. . Muximum A-C Voltage per Plate _ 500 Volts, RMS  Maximum Peak Inverse Voitage T30 Vas
[ ectien > |Meowmepw | no-t 4R x 0 H° | moment | 25 3.0 | — | — | Mismum DG Output Gurrent. 125 Maziraum Prak Plate Current . 400 8
LL-WAVE > Maximum A Voltage per Plate__$00 Voits, RMS Mu mum Peak Inverse Vol
& sty Meowm epw | nar 31" x 3k | umenr | s0| 30 | — | — [ MEITIREE 6008 Rlerent 250 Mulhs imassm Peak Piate Cum'n.'" (od
FULL-wavE .o Mn-n— A-C Voltage m___..)so Voits, RM5 84
..:‘.,, ALCTIFIEA L e | oman 43 217 | wane 63| o5 = Maximum D-€ Output 5 wer— Milliamperes el 424
» Mercury Vapor Type. * Interchangeable with Type 1.
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FiG.2| Fl G. 26
INDEX OF TYPES BY USE ANO BY CATHOOE VOLTAGE
) romn swnem B © | gk, sepsres g mores o
1124, 11-A D1-A. 48, L12A _i — 00-A, O1-A. 40, 117:A 523, 30, & 5.
6A4, 38,41, 42. 79, 09 6B, 6C8, 6D6. 6F1, 36, 37, 3944, 75, 76, 77, 78, 85 GAY, 6F7 687, 6C8. 671, 36, 37, 73, 76, 17, 85, 6A7, 6C8. 6D6. 677,36, 3944, 77, 78 Tv 84 [X
| 10, 50 = e T -
12, — — TIz3 128 |
25, [ —_— — R — ] 7 pix
30. “ e — —_— — — 30,0 |
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ity of the windings in any type of trans-
former, such as R.F., A.F. and Power
transformers. A high resistance volt-
meter should be used for testing audio
frequency transformers; while a low
resistance voltmeter should be used for
testing radio frequency and power
transformers. In the case of A.F.
transformers that winding which has
the least resistance, that is, gives the
highest voltage reading, is the primary
winding. The various sections of push-
pull transformers should also be tested
for continuity.

In testing power transformers, make
sure that there are no resistors con-
nected across the filament taps as
otherwise the reading would indicate a
complete winding, when in reality the
winding might be open.

A test should be made between the
transformer taps or terminals and the
core and shield of the transformer. No
reading should be obtained. If the
voltmeter shows a reading, it indicates
that the winding is grounded to the
core or shield and the trouble should
be repaired at once. No voltage read-
ing should be obtained when testing
between any secondary winding and
the primary winding. The center tap
on the secondary of the power trans-
former is usually grounded.

As in the case of testing short cir-
cuits in resistances, considerable experi-
ence and the use of highly accurate
voltmeter readings are necessary to de-
termine if transformer windings are
short circuited. This is especially true
in the case of step-down secondary
windings. Under actual operating con-
ditions, a short circuit in the primary
winding of a power transformer will
increase the voltage output of the sec-
ondary windings. A short circuit in
the secondary windings will reduce the
voltage output of the transformer,

8. POOR CONNECTIONS OR
HIGH RESISTANCE JOINTS IN
ANTENNA OR GROUND SYS-
TEMS. The ends of all wires to be
joined should be scraped clean and
then soldered and taped. The ground
wire should be connected by means of
an approved ground clamp to the cold
water pipe, or a pipe driven into damp
ground. Scrape the surface of the pipe
under the clamp so as to form a good
electrical connection. The ground wire
should be soldered to the ground
clamp.

9. GROUNDED LEAD-IN OR
ANTENNA. Keep antenna wires free
from contact with other objects. Do
not let the wire touch trees or side of
building. Use stand-off insulators to
hold wires away from the building,
and be sure to take lead-in wire into
the house through a porcelain tube or
by use of an approved “lead-in strip”
provided especially for that purpose.
Remember, the better the antenna in-
stallation, the stronger and clearer will
be the reception. It pays to take time
to erect the antenna system in a work-
manlike manner.

10. SHORT-CIRCUITED ANTEN-
NA COIL. Be sure when connecting
an antenna lead to the receiver that
the end of the wire does not make
contact with the metal chassis or any
other part of the receiver. See that all
connections are securely fastened.

11, SHORT-CIRCUITED TUN-
ING CONDENSER. Straightening
plates in variable condensers is a
rather difficult job. However, if the
offending plate can be located easily,
it should be straightened with the

fingers, flat nose pliers, or other non-
metallic object. Do not use a screw
driver, or pliers, unless the power is
disconnected from the set. In battery
sets, disconnect the negative B ter-
minal of the power supply.

12, NO VOLTAGE AT ELIMI-
NATOR TAPS. This may be due to a
defective power transformer, a short
circuited or broken down condenser or
an open resistor or choke coil in elimi-
nator, See pars. 4, 7, 22, 23 and 56.

13, NO PLATE VOLTAGE ON
R.F. TUBE. Check receiver with wir-
ing diagram for broken wires or de-
fective by-pass condenser. Solder
broken connection. See pars. 4 and 23.

14, OPEN CIRCUIT. Check the
wiring with the circuit diagram for
continuity and solder any broken
wires.

15, SPEAKER DEMAGNETIZED
OR COIL BURNED OUT. If pos-
sible, try the speaker on another set.
If it doesn’t work correctly or the
volume is weak, check it over and re-
place defective parts.

16, NO FIELD CURRENT IN
LOUDSPEAKER. The field coil or
leads to it may be open, short cir-
cuited or grounded. To determine if
field current is being supplied, turn
on receiver and hold a screwdriver
about 14 inch from pole piece of mag-
net. If current is being supplied to field
coil, the pole piece will have a strong
attracting force for the screwdriver.
No field current will necessitate
checking the continuity of the field
coil circuit. In case of a burned out
field coil, obtain a new one from the
distri‘:)utor or manufacturer. Also see
par. 4.

17, DEFECTIVE SPEAKER
CORD. Loose or defective speaker
cords cause continuous crackling
noises. Replace with a new one.

18. DEFECTIVE “DRY DISC”
TYPE RECTIFIER. This type of
rectifier will give little trouble unless
too much current is taken from the
unit. Do not overload the rectifier by
taking more current than is recom-
mended by the manufacturers. If de-
fective, replace with a new unit.

19. DEFECTIVE RAYTHEON
TUBE RECTIFIER. This rectifier
should give satisfactory service for
about a year of normal use. After serv-
ing its full life, the voltage output of
the tube begins to drop off. The volt-
age controls can then often be adjusted
to bring the voltage up again to the
desired value, many more hours of
good reception obtained before it is
necessary to discard the tube. If in
doubt as to the condition of the tube,
try a new tube.

20. DEFECTIVE ELECTROLYT-
IC RECTIFIER. The electrolyte in
the Philco and Balkite eliminator will
in time evaporate and the solution will
not function properly. The electrodes
will also be eaten away. In cases of
this kind, it is necessary to obtain new
electrodes and new electrolyte and re-
place the defective parts. The electro-
lyte solution and electrodes used in
various chargers and eliminators dif-
fer considerably, therefore, it is very
important when replacing them to get
the proper kind from an authorized
service station or direct from the man-
ufacturer of the unit.

21, INCORRECT GRID VOLT-
AGE. See paragraph 46 and apply the
tests outlined in paragraphs 23 and 56.

22. CHOKE COILS, DEFECTIVE.
The method of testing choke coils is
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the same as that used for testing re-
sistances and the same instructions as
given in paragraph 56 can be used.

23, CONDENSER, DEFECTIVE.
In order to find out whether or not a
fixed condenser is defective, it is first
necessary to remove it from the set
and short circuit the two terminals to-
gether to discharge it. Then charge the
condenser by connecting a “B” bat-
tery to its terminals, being careful not
to touch either the condenser termi-
nals or the ends of the leads while
doing this. A condenser should be able
to hold such a charge for a few
minutes. The cord tips of a head-set
are then touched to its terminals, care
being exercised not to touch the cord
tips or the condenser terminals with
the fingers for this will discharge the
condenser through the body, and then
the test is incorrect. A sharp click in
the phones at the moment the conden-
ser terminals are touched shows that
it is in good condition as the conden-
ser holds its charge. If no click is
heard or the click is very faint, the
condenser is defective and should be
replaced with a new one. To conduct
this test, it is absolutely necessary that
the condenser be disconnected from
any other piece of apparatus to which
it may be attached.

For small condensers, the above
method is not very accurate and the
ordinary voltmeter and battery contin-
uity test should be used. No reading
on the voltmeter should be obtained
other than a momentary deflection
when the test points are applied to
the condenser terminals. See 67 and
68 for instructions on electrolytic con-
densers.

24. PLATES OF RECTIFIER
TUBE GET RED HOT. This is an
almost sure indication that one of the
filter condensers is defective and short-
circuited (see paragraph 23). A
grounded choke coil or a short-cir-
cuited or grounded power resistance
may also cause this trouble.

25. DEFECTIVE MAGNETIC
CONE SPEAKER. In a magnetic
speaker we have several moving me-
chanical parts. If any of these get out
of adjustment, different types of
noises will result. Examine the small
nut that holds the driving pin to the
cone. If this is loose, or if threads
are worn, rattles and buzzes will be
heard. In some magnetic cone speak-
ers there are several soldered connec-
tions to the moving parts. See that
none of these are loose, especially
where the driving pin is soldered to
the armature. If the armature does not
vibrate freely, see if dust or rust is be-
tween armature and pole pieces. If any
is found, run a strong thread between
them to remove dust. In case of rust,
clean the surfaces by thoroughly rub-
bing them with a gasoline soaked
string. If the unit is dismantled, the
job can be done better. After clean-
ing, appliy a coating of amylacetate
clear lacquer, which will prevent rust
forming later. Also see par. 26.

26. ADJUSTING ARMATURE
IN MAGNETIC AND INDUCTOR
SPEAKERS. Loosen screws that
hold armature and pole pieces in place.
Do not remove entirely. Obtain a
good grade of paper from a stationery
store about .005 inch thick. Cut out
two or four spacers, depending on type
of speaker. Place these spacers be-
tween armature and pole pieces. The
screws are then tightened amnd the
spacers removed. If this operation has
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been done carefully, the armature will
be properly spaced.

27. NO FIELD CURRENT IN
A. C. OPERATED DYNAMICS.
Speakers of this type usually have an
electrolytic condenser connected across
the input to the field. This condenser
in time will become defective and cause
current to be passed to the negative
side of the circuit, thus current does
not enter the field coil and we have
little or no magnetism for the oper-
ation of the speaker. Unsolder one
lead of the condenser, if it is defec-
tive, volume and hum will increase. In
making replacements, use a 2,000 mid.
dry clectrolytic condenser. Also see
par. 52.

28. CONDENSER SPEAKERS.
Before testing a speaker of this type,
be sure the switch of the receiver is
turncd off. There are about 500 volts
across the speaker plates and it is pos-
sible to get a bad shock from this
voltage. The most common defect in
speakers of this type is puncturing of
the thin aluminum film on the con-
denser plates. It may be mechanical or
electrical break-down caused by the
high voltage from the rectifying tube.
With the switch of receiver off and
leads disconnected from rectifying
tube, a continuity test will tell if the
condenser plates are punctured. There
will be several plates in parallel. Use
care in determining which section is
defective. Try reversing polarizing
voltage leads from rectifier. The
speaker has polarity the same as a
battery.

29. LINE VOLTAGE FLUCTU-
ATES. Fluctuations or changes in
value of line voltage can be corrected
by the use of a line voltage stabilizer.
Several good comercial types are now
on the market. Also see 82.

30. TUBE IN WRONG SOCKET.
Special purpose tubes (special detec-
tor tubes, power and rectifier tubes)
should never be placed in any sockets
except those especially intended for
their use.

31. AERIAL TOO SHORT. The
aerial on any receiving set should
have a length approximately that sug-
gested by the manufacturer of the re-
ceiver. Generally speaking, an aerial 60
to 80 ft. long will give excellent re-
sults. Indoor aerials and light socket
antennas never give the same results
as good outdoor antennas. Such in-
stallations usually give good results on
local or nearby stations, but are not
of much value for distant reception.
If possible, always use an outdoor an-
tenna system.

32z MICROPHONIC TUBE.
Changing tubes (of the same 1ype) from
one socket to another sometimes cor-
rects this annoyance. Moving the
speaker several feet from the receiver
also proves helpful. The loudspeaker
cord should not be allowed to come
close to the radio frequency or detec-
tor tubes. A microphonic tube can
sometimes be overcome by placing
“howl!” arresters on the tube. Differ-
ent types of such “howl” arresters can
be found in practically any radio store.
This trouble can sometimes be over-
come by placing a lead cap on the
tube or by wrapping several layers of
friction type around the tube.

33. DEFECTIVE FILTER CON-
DENSER IN POWER SUPPLY. It
is very poor economy to use any ex-
cept the highest grade filter condens-
ers in a power supply. When they be-
come defective, it is always necessary

to replace them with new condensers.
Also see pars. 23 and 24.

34. RECEIVER NOT NEUTRA-
LIZED, Follow general neutralizing
methods. 00

35. CONDENSERS NOT
MATCHED. Multiple tuned circuits
require carefully matched condensers.
Tuning may be sharpened by using a
midget or trimmer condenser connec-
ted in parallel with the tuning con-
denser. Adjust all condensers until all
circuits tune alike.

36. EXCESSIVE OSCILLATION.
Use of complete stage shielding is
very desirable in some receivers to pre-
vent inter-stage coupling and thus min-
imize the tendency to self-oscillation.

37. DEFECTIVE GRID LEAK.
Substitute a new grid leak for the old
one as it is practically impossible to
test grid leaks with any degree of ac-
curacy.

38. GRID LEAK OF IMPROPER
VALUE. Try various grid leaks
ranging in value from 2 to 6 megohms
until you find the one giving strongest
and clearest signals. If the set is used
for distant reception. a high resistance
leak gives best results. If on local or
nearby stations, a low value resistance
should be used.

39. LEAKY FIXED OR BY-PASS
CONDENSER. Hissing, scraping
noises are sometimes due to leaky
condensers. See also section 23.

40. POOR GROUND CONNEC-
TION. A short straight wire connec-
ted to the cold water pipe makes the
most practical ground connection.
Avoid use of steam or gas pipes.

41, EXCESSIVE VOLTAGE ON
DETECTOR TUBE. If batteries are
used, try the next lowest voltage tap.
I[f a power unit is used, reduce the
voltage by increasing the size of the
plate resistance.

42. DEFECTIVE BUFFER CON-
DENSER. The condensers which are
placed across the terminals of the Ray-
theon rectifier tube are subjected to
excessive strain due to voltage surges.
Consequently, nothing but the highest
type condenser should be used in any
power supply. See section 23.

43. HIGH RESISTANCE CON-
NECTIONS. What is commonly
called a high resistance connection
need not be very high in actual value,
to be troublesome. An undesirable re-
sistance of just a few ohms may cause
a great deal of trouble, especially in
oscillatory circuits. In fact, the con-
nection resistance may be so small that
a continuity test will not detect it. If
you have any doubts at all about a
connection, go over it carefully with a
hot soldering iron. Never take chances
on poor connections.

44, IMPROPER VOLTAGE ON
POWER TUBE. Follow the manu-
facturer’s specifications regarding
proper filament, plate and grid bias
voltages. If the voltage on the fila-
ment of the power tube is not that
specified by the manufacturer, it will
not handle the power. Likewise, the
grid and plate voltage should be in
strict accordance with the recommen-
dations. If the grid bias voltage is not
adjusted to the proper value, the amp-
lifier tube will give distorted or im-
properly amplified signals. If the “B”
battery or power unit is not deliver-
ing its rated voltage, the signals will
become choked and weak. Also see 46
and 55.

45. DEFECTIVE RECTIFIER
TUBE. If the various elements of a
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rectifier tube are loose, the tube may
cause intermittent reception or a
microphonic howl. Low output of the
tube may cause weak signals and A. C.
hum. A new tube should be substi-
tuted in place of the suspected tube
in order to determine its condition.

46. INCORRECT VOLTAGES.
This trouble in the correctly designed
electric receiver is caused by incorrect
A. C. line voltage or a defective recti-
fier tube (see paragraph 45). This is,
of course, supposing that the receiver
is in good condition. If the voltage is
too high it can be reduced by insert-
ing a resistance, capable of carrying
the necessarv current (approximately
1 ampere), in series with one side of
the A. C. lite, or by using a voltage
regulator manufactured by a reliable
company. If the A. C. line voltage is
low, it will be necessary to take the
matter up with the Power Company,
as they will be very glad to remedy
the condition.

Many receiving sets have special
voltage taps which can be adjusted for
the correct voltage.

Excessive plate voltage may be due
to incorrect or defective grid bias re-
sistor and plate resistors in the power
pack; also an open in the voltage di-
vider system between the detector and
B- tap and to shorted filter chokes.

Insufficient plate voltages may be
due to: Defective rectifier; excessive
plate current; defective plate by-pass
condenser.

Incorrect filament voltage may be
due to wrong value of voltage reduc-
ing resistance (in modern sets such
resistances are rarely used).

Incorrect grid voltage may be
caused by incorrectly designed or de-
fective grid bias resistors or defective
grid bias by-pass condenser. Also see
par. 73.

47. OPEN IN GROUND SYS-
TEM. Make the usual careful inspec-
tion for open circuits in the entire
ground system. In many receivers us-
ing a metal chassis, many connections
that are at ground potential are con-
nected to the chassis and this is in
turn connected to the ground binding
post. Such connections should be care-
fully inspected to see that they are
making good contact.

48. VARIABLE CONDENSERS.
Always keep the plates of variable con-
densers clean and free of dirt. The
ordinary pipe cleaners, obtainable from
any cigar store, can be used to clean
the plates of the condensers.

Make sure that the rotor or mov-
able plates are not bent and not mak-
ing contact with the stator plates.

49. UNDESIRABLE CONTACTS
IN TUNING CONDENSERS. Re-
move any shield or cover from tuning
condensers and carefully examine the
condensers for a possible piece of
foreign material or dirt between the
plates. Rotate the movable section and
see that it does not come in contact
with other apparatus.

Testing with a low resistance ohm-
meter should show considerable resis-
tance between the stator and rotor
plates. This indication varies with the
kind of set and in some sets may also
be changed by the setting of the
volume control. Remove the tubes
from the sockets when making this
test.

Should no resistance be registered
on the meter it will be due either to
a grounded set of stator plates, a
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grounded R.F. coil or a short-circuit in
the tuning condenser.

50. VOLUME CONTROL, DE-
FECTIVE. Volume controls used on
electric receivers almost always are
some form of variable resistance. The
ordinary test for the continuity of re-
sistances should be used and also all
variable contacts should be inspected.
If the volume control is defective, it
is generally the best policy to replace
the control with a new one rather
than to attempt to repair the old one.

51. CONTROL GRID CLIPS
LOOSE OR GROUNDED. Be sure
that the control grid clips on all
screen grid tubes are making good
contact. Do not let them touch any
grounded object such as the metal
chassis or tube shields.

52, DEFECTIVE RECTIFIER
UNIT IN LOUDSPEAKER. Some
types of dynamic speakers use a sepa-
rate rectifying unit to supply the field
current for the speaker. These units
are generally the dry disc type al-
though a rectifying tube is sometimes
used.. When these rectifiers become
old and worn out, they may develop
a hum. Such units should be replaced
with new ones.

53. EXCESSIVE VOLTAGE
FROM THE POWER SUPPLY.
If equipped with variable voltage con-
trol, try reducing the voltage by turn-
ing the knob counter-clockwise. Check
voltage with high resistance voltmeter.
See also section 46.

54, EXCESSIVE FILAMENT
VOLTAGE. Tubes should never be
operated at a higher temperature than
that specified by the manufacturer. If
the tube burns out quickly, check the
filament voltage and adjust the power
supply so that the voltage recom-
mended by the tube manufacturer is
not exceeded. If necessary, place a
small resistance in the filament circuit
capable of carrying the current re-
quired by the tube or tubes. In the
case of A. C. tubes, the same amount
of resistance must be placed in each
filament lead.

55. BLUE GLOW IN AMPLIFY-
ING OR DETECTOR TUBE. This
indicates that the tube is defective and
that it should be replaced. This may
also be due to too high plate voltage,
or low grid voltage. See paragraph 46.

56. RESISTANCES, DEFEC-
TIVE. The most accurate method of
testing resistances is by the use of the
high resistance voltmeter and “B” bat-
tery test. The reading obtained when
placing the test points on the resistor
to be tested should be less than the
voltage reading when the test points
are connected together, the exact dif-
ference, of course, depending upon the
value of resistance being tested. A
small resistance will make little change
in the reading, while a high resistance
will reduce the voltage reading con-
siderably. No voltage, of course, indi-
cates an open circuit in the resistance.

If a high reading is obtained when
testing a high resistance, it shows that
the resistance i$ short-circuited. A
short circuit on a low resistance is
harder to determine since the differ-
ence in the voltage readings will be
very small.

In the case of tapped resistors such
as those used in many power packs and
also the hum adjustors on many sets,
it 18 necessary to test each individual
section of the resistance.

It is not a good policy to use the
lamp test method of testing resist-

ances. There is danger eof burning out
resistances of small current carrying
capacities such as grid resistances.
Also this test is not nearly as accurate
as the voltmeter test.

In testing any resistance, always be
sure that it is not connected to other
apparatus, such as an inductance coil,
as this would give a short-circuit
reading. If the resistance is in a re-
ceiving set this can be determined by
very carcfully checking over the en-
tire circuit to which the resistor is con-
nected, using the schematic diagram
if one is available. In case of doubt
on this subject, it is the best policy
to remove the resistance from the cir-
cuit and test it separately.

57. TOO GREAT SIGNAL
STRENGTH. Too much volume from
local stations will often overload the
dctector or audio tubes, thus causing
distortion, The volume control should
be inspected to see that it is function-
ing properly. The grid and plate po-
tentials should be checked to see that
they are correct. If the signal strength
is still too great. the aerial can often
be disconnected and satisfactory re-
sults secured on local stations.

In the case of shielded rececivers a
short aerial approximately 10 or 15
feet long can be used.

58. DEFECTIVE AUDIO FRE-
QUENCY TRANSFORMERS. Test
transformer according to paragraph 7.
It sometimes happens that an audio
transformer that tests O. K. will
cause distortion. As a last resort, try a
néw transformer.

59. HIGH RESISTANCE LEAK
ACROSS SECONDARY OF AUDIO
TRANSFORMER. It is often possible
to eliminate an audio howl by placing
a high resistance across the grid and
filament terminals of the audio trans-
former. Try various values ranging
from 100,000 to 500,000 ohms. If this
value is incorrect or if there is an un-
desirable high resistance across these
terminals, it may mufflle the signals
or cause a hissing noise,

60. MOTOR BOATING. Motor
boating is a term describing the sound
produced in some radio installations,
resembling the put-put-put of a small
gas engine and is usually continuous
while the receiver is in operation. This
is in reality a low frequency oscilla-
tion produced by high common im-
pedance in the plate circuit of the
audio amplifier. A 1 to 2 mfd. con-
denser connected from the B negative
terminal to each of the B positive ter-
minals will generally eliminate this
trouble,

6l. THERMOSTATIC AND
OTHER MAKE-AND-BREAK CON-
NECTIONS. Check the receiver care-
fully for open or grounded circuits.
Opens are usually found at improp-
erly soldered connections. Heat gen-
erated in the receiver when in oper-
ation will often cause a poorly made
joint to separate.

Heat may also result in grounding
a circuit due to the expansion of parts,
or connections, which are too close to
other parts or the metal on which the
receiver is mounted. Examine the re-
receiver carefully for too closely asso-
ciated parts and wiring.

Try all soldered connections to see
that they are firmly made. Go over all
soldered connections about which you
have any doubts with a hot soldering
iron. Parts, or wiring, too closely as-
sociated should be separated or insu-
lated from each other carefully.
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Sound vibrations from the speaker
or jarring the receiver may result in
open circuits, These defects will show
up in the same manner as opens, due
to heat generated in the receiver and
should be corrected in the same man-
ner.

62. SPEAKER VOICE COIL
OFF CENTER. Check the centering
of the speaker by pushing the dia-
phragm (cone) gently back and forth
to determine whether or not the voice
coil is rubbing at any point. To re-
center with one type of dynamic
speaker loosen the center screw and
move the voice coil back and forth till
centering is obtained and reset screw.
With another type loosen the extended
supporting arms or spider at the point
of support and move the voice coil
from side to side until centered and
then retighten. Failing in this, it may
be necessary to remove the diaphragm
entirely to see that there is no foreign
material in the space where the
spe=ch coil moves.

63. PAPER RATTLE ON ALL
TYPES OF CONE SPEAKERS.
Examine seam of paper, outer edge of
cone, and apex of cone. If loose joints
are found, apply Ambroid cement. If
outer edge of cone is attached to a
leather, be sure all edges are properly
cemented to cone. If leather has hard
spots, rub until it is soft and pliable.

64. TROUBLE IN DYNAMIC
SPEAKER. Rattling and blasting
noises in a dynamic speaker are often
caused by iron filings and dust collec-
ting in the air gap, between voice coil
and pole piece slot. One good way to
remove this collection is to use the
blower of a vacuum cleaner. Al.ow the
full force of the air to blow between
voice coil and pole piece. This will us-
ually remove all foreign particles. It
is understood, of course, that the
speaker is to be disconnected from re-
ceiver during this operation.

In extreme cases, it may be neces-
sary to remove cone from speaker
frame to remove iron filings which
may cling to the pole piece due to the
inherent magnetism. This is done by
removing screws at outer edge of cone
frame. Then unsolder voice coil leads
and remove cone. In some cases it may
be necessary to remove frame which
liolds cone to chassis of speaker before
one can get at air gap and pole piece.

65. BOOMY EFFECTS AND
CABINET RATTLES. If the specak-
er is boomy, emphasizing low notes,
look for by-pass condensors connected
across grids of audio amplifiers. Re-
moving these will sometimes restore
the higher frequencies. If the cabinet
is of the console type, lining it with
“Celotex” will also prevent the boomy
effects. Rattles may be heard with full
volume. These may be due to loose
screws and nuts on cabinet doors,
speaker frame and chassis of receiver.
Tighten all that you find are loose.
This noise can sometimes be elimi-
nated by moving the cabinet a few
inches away from the wall or by mak-
ing several large holes in the bottom
of cabinet.

66. FUZZY LOW NOTE RE-
PRODUCTION FROM SPEAKER.
Examine voice coil turns. If they ap-
pear to be loose, remove cone from
frame and unsolder voice coil leads.
Then apply a thick, even coating of
Ambroid cement, which can be ob-
tained from speaker manufacturers.
After allowing this to dry, replace
cone and solder on voice coil leads. In
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the case of magnetic speakers a paper
cone may sometimes become torn at
the edges. In this case it will be neces-
sary to carefully repair the cone by
gluing light weight paper over the
torn places or obtaining a new cone
from the manufacturer. Sometimes the
apex becomes separated from the paper
cone. In this case Ambroid cement
should be thoroughly applied to the
cone and the apex placed in position.

67. ELECTROLYTIC CONDEN-
SER PASSING EXCESSIVE CUR-
RENT. This will result in low plate
voltage at tube sockets. The repro-
duction will be distorted. Connections
at the condenser terminals are likely
to become corroded due to the chemi-
cals in the condenser. This will result
in noises and possible high plate volt-
age due to the absence of a condenser
action. Hum will generally be greater,
also. For details on testing, see para-
graph 68.

68. DEFECTIVE MERSHON
OR ELECTROLYTIC CONDEN-
SERS. This type of condenser in time
becomes defective, but is ecasily tested.
The current through it is normally 2
or 3 milliamperes. If it is appreciably
more than this, a new condenser should
be used. To test it, connect an 0-100
milliammeter in series with the nega-
tive lead to it. Then turn on the re-
ceiver for an instant, noting the cur-
rent at the same time. If the needle
of meter goes all the way over, turn
off the receiver at once so as not to
damage meter. The black lead to the
condenser is usually negative. In some
receivers, the condenser can is
mounted to receiver chassis and makes
the negative contact from can to chas-
sis. Under such conditions, remove can
from chassis and touch one side of
meter to chassis and the other to con-
denser can.

69. TUBES IN PUSH-PULL
TRANSFORMER, For best results
the tubes in push-pull amplifiers should
be as nearly matched as possible. Do
not use one exceptionally good tube
and one that is not so good in the am-
plifier as it will probably cause dis-
tortion.

70. AERIAL WIRE LOOSE OR
SWAYING. Keep the aerial and lead-
in wire pulled tight so it cannot sway
excessively in the wind. By using an
aerial spring or pulley and weight, the
antenna may be kept tight.

71. AERIAL CLOSE TO HIGH
VOLTAGE WIRE. To minimize in-
terference, it is advisable to install the
aerial so that the wires are at right
angles to any power lines and as far
away as possible.

72. AERIAL TOO LONG. Cut
the length of the aerial to size sug-
gested by the manufacturer of the re-
ceiver or insert a condenser in series
with the aerial. A small fixed con-
denser of approximately .0025 mfd. or
.0001 mfd. is usually helpful. A vari-
able condenser permits finer adjust-
ment,

73. WRONG CONNECTIONS
TO TRANSFORMER SECON-
DARY. Check connections with a
schematic diagram of the receiver. If
necessary, check A. C. voltage out-
put of transformer with an A. C. volt-
meter capable of reading the highest

wvoltage output of the transformer.

When provided with a center tap the

two outside terminals will always indi-

cate the maximum voltage.

74. OUTSIDE INTERFERENCE
(STATIC). Noises originating out-
side the receiver can usually be de-
termined by removing the aerial and
ground wires. If the noise still per-
sists, it is an indication that the noise
originates in the receiver or accessories
(batteries, tubes, power unit or loose

connections).  Natural interference
(static) presents itself in varying
sounds, usually loud crackling or

crashes. Static is a natural phenome-
non, and up to the present time no
means of overcoming it successfully
has been devised.

Disturbances from electrical devices
sometimes can be remedied through
the cooperation of the owners of these
devices.

75. INDUCTIVE COUPLING
BETWEEN CIRCUITS. The grid
and -piate circuits should not be in in-
ductive relation. Do not let these leads
be close to each other and always keep
them as near right angles as possible.
Do not place these circuits near A. C.
conductors — for instance, in battery
sets using eliminators, do not place the
C battery on or near the eliminator.
Do not let aerial or loop leads come
near the tube circuits.

76. HOWLING. If an A. C. re-
ceiver howls or squeals for a few
seconds after being turned on, the
trouble, in the majority of cases, is due
to defective tubes. However, where it
is certain that the tubes are in first-
class condition, the trouble may some-
times be cleared up by reversing the
primary of the first audio frequency
transformer. At the same time, it
might be well to check any fixed con-
denser across the grids of the power
tubes to see that they are in good con-
dition. Always try new tubes first.

77. THE FILAMENT SHOULD
BE GROUNDED, If the filament cir-
cuit is not grounded, then connect one
side to the ground connection, How-
ever, before doing this, be absolutely
sure that the filament is not grounded
through some part of the circuit di-
rectly connected to the ground bind-
ing post. If you cannot definitely de-
termine whether or not the filament
circuit is grounded, then place a .1
mfd. condenser in series with the
ground connection to the filament.

78. GRID LEADS TOO LONG.
All wires in the grid circuit should be
as short as possible and separated at
least one inch from plate leads. The
grid leads should also be at right
angles to the plate leads.

79. SPEAKER TOO CLOSE TO
RECEIVER. Built-in speakers often
cause continuous howling. Frequently
this can be corrected by insulating the
speaker from the cabinet with soft
rubber sponges. Also see paragraph 32.

80. INDUCTIVE EFFECT
FROM AERIAL. Do not allow the
aerial lead-in to come close to the de-
tector or R.F. tubes, as this may cause
howls and oscillations. This is espe-
cially true in very sensitive sets.

81, FADING SIGNALS (NATUR-
AL). This is a natural phenomenon
which the use of super-power broad-
casting has reduced to a minimum. It
is noticeable only on certain stations
and nothing can be done to the re-
ceiver installations which will correct
it. Sometimes nearby stations will fade
only at night. Fading is, however,
sometimes caused by another aerial in
close proximity to the receiving aerial.
For this reason, receiving aerials
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should be placed as far as possible
from each other and at right angles to
each other,

82. VARIATIONS IN ELEC-
TRIC LIGHT CURRENT. In a few
localities light current is very unre-
liable and may cause excessive hum or
fading. In a case of this nature simi-
lar results will be had in various instal-
lations in the neighborhood. It is ob-
viously impossible to eliminate this
trouble by any adjustment of the re-
ceiver or speaker when the cause of
the trouble is defective current. When
this trouble is experienced, get in
touch with the Power Company and
tell them of your experience. When-
ever it is possible to correct these con-
ditions the Power Companies are al-
ways glad to do so. Before you com-
plain to the Power Company, how-
ever, be sure that the trouble is with
the line. Find out whether or not your
friends and neighbors have the same
trouble and if they do you can be
pretty sure the trouble is with the line.

83. TRANSFORMER CENTER
TAP INCORRECT. Secondary fila-
ment windings on power transformers
sometimes have center taps to which
the grid-returns are connected. If these
taps are not exactly in the center of
the winding, then A. C. hum is apt to
be present. This trouble is seldom en-
countered in transformers manufac-
tured by reliable companies. In such
cases it is, of course, impractical to
reconstruct the transformer. It is pos-
sible, however, to use small center-
tapped resistances especially built for
this purpose. The two ends of the re-
sistance are connected directly across
the filament taps on the transformer
and the grid-return is connected to
the center-tap of the resistance. The
center-tap on the transformer is not
used and should be disconnected.

84. LACK OF GROUND ON
CORE AND CHASSIS., In many re-
ceivers A. C. hum is reduced by
grounding the cores and shields of
choke coils and transformers. If such
connections are open or poorly made
A. C. hum will result. Carefully in-
spect all connections and see that they
are good and tight,

85, LOOSE LAMINATION IN
POWER PACK OR AUDIO
TRANSFORMERS, This is usually
due to faulty construction and the de-
fective piecce of apparatus should be
returned to the manufacturer. In some
cases the laminations can be tightened
by tightening the bolts holding the
apparatus together.

86. HUM IN DYNAMIC SPEAK-
ERS. Dynamic speakers require either
high or low voltage direct current to
excite the field coil. This produces the
electromagnetic field necessary for the
operation of the speaker. This current
is supplied by either a battery, the
power supply in the radio receiver or
by a rectifier operating directly from
the light line, The two latter type of
dynamic speakers have the disadvan-
tage, however, in that they produce a
slight amount of hum. Under normal
conditions, this will not be objection-
able but in localities where excessive
hum is had, it is advisable to use the
magnetic type of speaker in preference
to the dynamic speaker.

A 200 microfarad condenser con-
nected across the field of a low volt-
age (6 volt) field type of speaker will
often stop undesirable hum. Do not
place such condensers across a high
voltage field as the condenser will
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burn out instantly; use an 8 mmfid.
condenser in high voltage speakers
which have separate field excitation.
Also see paragraph 52.

87. RESONANT EFFECT IN
ROOM. You will find that in some in-
stallations, the hum will sound very
much louder than in others. This may
be due entirely to a resonant effect in
the room which tends to build up the
low notes and make them sound loud
in proportion to music or speech. By
standing in various parts of the room,
you will notice that the hum is louder
in some places than others. The only
remedy for this condition is to place
the instrument in different positions
in order to find the one where the best
effect is had. Sometimes placing a re-
ceiver on a heavy rug will decrease the
hum.

88. SENSITIVE DETECTOR
TUBE. The UY-227 and UY-224
tubes are extremely sensitive and will
pick up hum from any lamp cord or
wire carrying alternating current near
it. It is extremely important that all
wires be kept as far away from this
tube as possible. This is especially
true of the cords which supply the re-
ceiver.

89. RESONANT EFFECT IN
CABINETS. A resonant condition
may occur in a cabinet which will ex-
aggerate hum, This is most apt to oc-
cur when the compartment in which
the speaker is placed is entirely closed.
When possible, it is therefore advis-
able to leave the back of the cabinet
off entirely. If the speaker is placed
on top of the cabinet, trouble is likely
to be had, so it is best to place the
speaker a short distance from the cabi-
net.

90. R. F. TUBE OSCILLATING.
An obectionable hum can be caused
by the R. F. circuit oscillating which
is characterized by a loud, steady hum.
Taking one of the R. F. tubes out or
placing a finger on the tuning con-
denser plates will locate trouble in the
R. F. circuits. See also paragraph 3.

91. INDUCTION FROM NEAR-
BY A. C. LINES, If the aerial or
ground wires run close to or parallel
with any wire carrying alternating
current, an A. C. hum will be present.
Run all such wires as far from the
A. C. line as possible and perpendic-
ular to the A. C. lines if possible.

Likewise, any wires carrying alter-
nating current that are in close prox-
imity to the receiver or speaker may
cause interference. Keep such wires as
far as possible from all radio circuits,
especially the detector circuit.

92, GRID BIAS RESISTANCE
BY-PASS CONDENSER. By-pass
condensers connected across the grid
bias resistors should be tested the same
as any other condensers. (See para-
graph No. 23.) An open condenser or
one of incorrect value may cause an
A. C. hum. These condensers are not
always used and it is sometimes pos-
sible to eliminate A. C. hum by the
addition of such a condenser.

93. A. C. PLUG REVERSED. An
A. C. hum can sometimes be reduced
by placing two 2 mifd. condensers in
series across a line and grounding the
midpoint. These condensers should be
capable of withstanding 600 volts.

94. RECTIFIER CONDENSER
IN LOUDSPEAKER. A defective
condenser across the output of a recti-
fying unit used in some types of dy-

namic speakers will cause a hum. This
condenser should be tested and re-
placed if found defective. See para-
graph 23.

95. HUM LOCALIZING. In ad-
dition to the paragraphs just given on
HUM the following information will
be useful for locating this trouble. It
is essential to isolate the source of
hum before attempting to reduce it.
Short-circuiting the first A.F. grid to
the ground will stop the hum if it is
coming from the detector tube. Short-
ing across the primary of the second
A F. transformer will stop hum origi-
nating in the first A.F. stage or ahead
of it. Shorting across the grids of both
power tubes in a push-pull amplifier
will stop all hum starting in the input
audio transformer or in the circuit
ahead of it. If the total hum is made
up of a number of smaller ones
throughout the circuit, it may be due
to a defective speaker field coil, filter
choke or center tap resistance. It is
very rarely due to the condenser block.

96. WAVE TRAP NECESSARY.
On some sets, interference and broad
tuning can be eliminated by the use of
a wave trap which can be made by
using an ordinary R.F. transformer
with a variable condenser of the proper
capacity (usually .0005 mfd.) connected
across the secondary; the primary of
the transformer should be connected
in the antenna circuit. This will help
tune out undesired signals,

97. HIGH RESISTANCE IN
GRID CIRCUIT. A high resistance
joint in the grid circuit of any radio
frequency stage will tend to make
that stage tune broad. Make sure that
all joints are well made.

98. ROTOR PLATES OF CON-
DENSER MAKING POOR CON-
TACT. Poor contact is sometimes
made between the variable condenser
frame of the rotor plates due to the
lack of tension spring clips or pigtail
conections. See that all such connec-
tions are tight. Also see 43.

99. NOISY RESISTORS 1IN
POWER PACK. This trouble can be
generally located only by substituting
a resistance known to be in good con-
dition, or by the use of laboratory in-
struments. See pars. 43, 56 and 61.

100. DEFECTIVE R.F. CON-
DENSERS. Oscillation may be caused
by an open R.F. by-pass condenser.
The connections to these parts should
be thoroughly inspected. An open con-
denser may be easily found by con-
necting a .5 mfd. condenser known to
be good across the terminals of any
condenser to be tested. This should be
done when the set is turned on and
adjusted to oscillate. The testing con-
denser is momentarily placed across
each of the radio frequency by-pass
condensers, a defective condenser being
indicated when the test stops or re-
duces oscillation.

101, TOO HIGH SCREEN
VOLTAGE. Too high a voltage ap-
plied to the screen grid of screen grid
tubes will often cause the tube to os-
cillate. This can be eliminated by plac-
ing a resistance in series with this cir-
cuit, thus cutting down the voltage
applied to the screen grid. This should
not be attempted unless all other
means of keeping the tube from oscil-
lating have been ineffective.

102. LINE VOLTAGE D. C. IN-
STEAD OF A. C. Never connect an
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alternating current receiver to a direct
current line or a receiver designed for
60 cycle alternating current to a 25
cycle A. supply; there is great
danger of burning out the power pack
of the receiver. If you do not obtain
a reading on a high resistance volt-
meter which is connected across the
line the current is alternating.

103. OSCILLATOR TUBE NOT
FUNCTIONING PROPERLY. One
of the simplest tests is to touch the
grid terminal of the oscillator tube
socket with a moist finger. A click in
the loudspeaker should result when
the terminal is touched and also when
the finger is removed; if only one click
is heard, the tube is not oscillating.
Another test is to tune in a station
and pull out the oscillator tube. If the
signal can still be heard, the oscillator
tube is not functioning.

104. INTERMEDIATE FRE-
QUENCY TRANSFORMERS NOT
CORRECTLY ADJUSTED. It is es-
sential that the intermediate frequency
transformers be accurately and prop-
erly adjusted if long distance reception
and good selectivity is desired. In the
majority of cases poor selectivity in a
superheterodyne receiver is the direct
result of the intermediate frequency
transformer not being properly
matched. This requires the use of a
special oscillator adjusted to the par-
ticular frequency of the intermediate
frequency amplifier and can only be
carried on by those service stations
which are especially equipped for such
work. This adjustment is made by
varying the capacity of small variable
condensers across the intermediate
frequency transformers until the sig-
nal from the oscillator, as indicated by
a meter placed in the second detector
plate circuit, is greatest. This is very
similar to adjustment of the regular
radio frequency stages of a tuned R.F.
receiver. In such cases special service
information should be obtained from
the manufacturer of the receiver.

105. ADJUSTMENT OF RADIO
FREQUENCY COMPENSATING
CONDENSERS. The adjustment of
these condensers should not be
changed unless you are positive that
they need adjusting. The exact pro-
cedure in making these adjustments
depends upon the type of receiver. The
adjustment generally consists of vary-
ing a small condenser placed in the cir-
cuit unit until the loudest signals are
received and the receiver does not os-
cillate. Complete information should be
obtained from the manufacturer of the
set,

106. ADJUSTMENT OF OSCIL-
LATOR TRIMMING CON-
DENSER. The correct adjustment of
these condensers requires the use of a
modulated oscillator. The exact pro-
cedure to follow depends on the type
of receiver being serviced. On modern
receivers there are generally two such
trimming condensers; one for the high
frequencies and the other for the
lower broadcast frequencies. They are
used so that the oscillator can be kept
“in step” with the tuning unit, thus
securing one dial tuning effect. Com-
plete instructions on this subject can
be obtained from the manufacturer of
the particular receiver you are servic-
ing.
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Fundamentals of Short=Wave Radio

IN speaking of short waves—or long
waves. for that matter—it is a good
idea to have some definite conception
of just what a wave is. The short-wave
beginner, who is probably a broadcast
enthusiast, is familiar with the term
wavelength; but it usually means noth-
ing more to him than a secondary
identification of different stations. It
would help a little, even in the oper-
ation of a broadcast recciver, if wave-
lengths held, for the operator, a bit
more significance than theemere etch-
ing on a tuning dial. And in short-
wave reception it is definitely desirable
that operation be assisted by an in-
telligent appreciation of what wave-
lengths are and how they affect re-
ception.

We are all familiar with wave-forms
of some type or another: ripples on the
water, the visible waves of a vibrating
string and the wavy convolutions of
a rope when it is “snaked.” These are
all illustrative of the general principle,
and the water-wave picture (Figure
72) has often been evoked to create, in
the non-technical mind, a conception
of radio waves. When a stone is cast
into a pond, visible water waves are
set up and travel in all directions from
the point where the stone went down
—in a manner somewhat similar to the
way radio waves travel from the an-
tenna of a wireless transmitting sta-
tion. (Wireless, by the way, is exactly
the same as radio.) This analogy has
been objected to by technical purists
on two grounds. First, it shows only
a two-dimensional wave—on the sur-
face of the water—while a radio wave
leaves the antenna in all directions (up
and down as well as horizontal), more
after the manner of the gases leaving
a bursting shell. Secondly, it presup-
poses the existence of some medium
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(analogous to water) in which the
waves may travel, which, up until re-
cent years, had been called the “cther.”
Recent investigations by Einstein,
Morley and Michelson have thrown
considerable doubt on the reality of
this ether, and they prefer to consider
the waves as undulations in an energy
field created simultancously with the
wave motion. Ilowever, be all this as
it may, the water analogy creates the
most substantial idea of wave action,
and we shall stick to it.

All wave-motion has four predomi-
nant characteristics: intensity, wvelocity,
wavelength and frequency. Wavelength

Figure 74

and frequency, as will be seen, are
closely interrelated. In the water wave
there is a vertical distance between the
crests of the waves and the troughs.
This corresponds to intensity in a radio
wave. Close to where the stone strikes
the water (the transmitting aerial). a
cork will bob up and down through
a greater vertical distance (a strcng
signal) than it will twenty feet farther
away (a weak signal). The waves re-
cede from the point of generation at
a certain relocity which—to keep as
close to radio as possible—can be mea-
sured in meters per second.

The distance between two adjacent
crests (or any similar points on succes-
sive waves) is considered the length of
the wave—or wavelength. The number
of waves which pass a given point in
a given period of time (in radio a
second is taken as the unit of time} is
the frequency. As the action effected on
the cork, when the water wave slides
under it from crest to crest, completes
one cycle of up-and-down motion, the
phrase frequency in cycles per second
is often employed, and words frequency
and cycles are loosely synonymous.

It is obvious that if the wvelocity is
constant and the wavelength shortened,
the frequency must increase. For in-
stance, let us assume a water velocity
of ten meters per second, and a dis-
tance between crests of two meters.
In one second five of these erests will
have passed our cork (or receiver),
which will have gone through five up-
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and-down cycles in that period. In
other words, the f{requency is five
cycles per second. If now we shorten
the wavelength to one meter (main-
taining the same ten-meter-per-
second velocity), the cork will go
through ten cycles per second and our
frequency will have been doubled.

Wavelength Frequency

This illustrates the important rela-
tionship between wavelength and fre-
quency. When the wavelength is
lengthened, the frequency becomes
lower, and vice versa. The frequency is
always equal to the velocity divided by
the wavelength, and the wavelength equals
the velocity divided by frequency. This
assumes a constant velocity, which, in
the case of radio waves, is 300,000,000
meters per second. In the scientific
short-hand of mathematics this is ex-
pressed by the equations:

A= —and f = —
£

—where v = velocity in meters per
second, & == wavelength in meters and
f is the frequency in cycles per second.

It is generally accepted that the
short waves are those between the
lower end of the conventional broad-
cast band, at 200 meters, and the top
of the ultra-short-wave region which
starts, on the way down, at 10 meters.
The frequency of 200 meters is 1,-
500,000 cycles per second, and that
corresponding to 10 meters, is
30,000,000 cycles per second. The
short-wave field therefore encompasses
a wave spread of 190 meters and the
vastly larger frequency band (or
spectra) of 28,500,000 cycles.

As the wavelength drops, the increas-
ing frequency in cycles-per-second be-
comes a clumsy figure to handle. Even
on the broadcast band the unit of one
thousand cycles, the kilocycle, or “kc” is
more convenient. Below 100 meters
the kilocycle in turn becomes cumber-
some and the megacycle, “mc,” takes
its place. One megacycle equals 1,000
kilocycles and 1,000,000 cycles.

While frequency and wavelength
necessarily go hand in hand, the former
quality is the more important from the
standpoint of convenience in analyz-
ing radio phenomena, .

For example, the majority of engi-
neers are agreed that all radio-tele-
phone stations within interfering dis-
tance at the point of reception should
be separated by a frequency band or
spectrum, 10,000 cycles (10 kc.) wide,
to prevent cross-talk and whistles. In
other words, using a highly sensitive
receiver, all stations within a thousand-
mile radius should not be placed closer
together than 10,000 cycles (10 kc.)—
i.e,, one station for each 10 kilocycles
in the band allocated for broadcast-
ing. If we want to find out how many
such stations there is room for be-
tween 100 and 200 meters, we shall
first have to change to frequency—3,-
000,000 (3 mc.) and 1,500,000 cycles
(1.5 mc.), respectively—and establish
the width of the band in frequency.
Subtracting the latter figure from the
former, we find that between 100 and
200 meters there is a frequency band
1,500,000 cycles wide. Dividing this by
10,000 (10 kc.), we determine that there
is room for exactly 150 stations within
interfering distance of each other. The
reader must n7o¢ jump to the conclu-
sion that there is room for 150 stations
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for every 100 meters! Making a similar
calculation for the band between 200
and 300 meters, we find room for only
50 stations!

Thus we demonstrate both the de-
sirability of dealing with cycles rather
than wavelengths, and one of the most
important advantages of the short
waves—or high frequencies. As the
wavelength is shortened and the fre-
quency rises, there is room for more
stations per wavelength. We have just
observed that there is room for three
times as many stations between 100
and 200 meters as there is between 200
and 300 meters. There is ideal etheric
space for just 100 stations over the en-
tire broadcast band between 200 and
600 meters, while the short-wave spec-
tra, from 10 to 200 meters, will accom-
modate 2850 stations! Figure 77 shows
this graphically.

Thus the short waves have been en-
thusiastically proposed as the solution
to the congested conditions existing
on the air.

Skip-Distance Effect

The multiplicity of available chan-
nels, however, is by no means the sole
advantage of short-wave communica-
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tion. The fact that extremely long
distances can be spanned at a great
economy of power contributes the real
commercial utility of the high frequen-
cies. This characteristic of short-wave
transmission is due to the skip-distance
effect.

The phrase “skip-distance effect” is
accurately descriptive of the phenome-
non. A station broadcasting in New
York City on about 30 meters (10
mc.) will be heard locally, on a direct
ground wave (wave following the
ground), within a radius of some twen-
ty-five miles—the signal rapidly be-
coming weaker as this limit is ap-
proached. Outside of this zone, for a
skip-distance of approximately one
thousand miles, the signal cannot be
heard, while at Chicago excellent re-
ception may be had. Proceeding west-
ward, the signal disappears, to pop up
again at Salt Lake City. Approach-
ing the Rockies, it<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>