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... Up to This Time

OT LONG AGO one of our friends—evidently a
N newcomer in the radio service field—wrote us
for some help. “I knew you made parts, both original
and replacement,” he said, “but how long have you
been issuing technical literature?”

Whén? It started a chain of memories that ran
back eight years when vibrators were new and myste-
rious; and service men needed information and help
to make repairs. Like every subsequent publication,
the Manual we issued then had a definite purpose . . .
filled a definite need of the industry.

That same year, 1934, saw another help produced
in answer to your insistent calls for aid. The publica-
tion of a complete manual on repiacement volume

controls had been attempted but never before accom-

plished. It became a reality with the issuance of the
Yaxley Replacement Volume Control Manual.

In 1935, we had not fully made up our minds
whether to issue further publications . . . but you de-
cided for us. Automobile radio was gaining ground
with seven league boots, and you needed all the infor-

mation you could get to keep apace. So we brought
out the first complete Auto Radio Manual with quar-
terly supplements to keep it up-to-date. The demand
for this book was terrific. Many of you still treasure it,
even though it has been supplanted by more complete
and up-to-date guides.

That same year we gave you a greatly improved
and more complete Volume Control Manual—con-
cise, accurate and practical. It was widely imitated
but never quite equaled. More important to you, we
announced thirty new replacement volume controls,
that would service 989 of the 3,200 set models then
in existence. Only four of the new controls would serv-
ice 1938 models. It was the first move towards stand-

ardization of replacement controls.

You have told us again and again that the time and

money it has saved you is incalculable.

In 1936, we introduced standardization of con-
densers with the announcement of 69 units for servic-
ing 100% of all radio sets using dry electrolytics.
Over and above the many constructional features for
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universal replacement was an extra feature—the new
Mallory Condenser Service and Replacement Manual,
which gave in detail the universal application of these
condenseré in everyday service work. To guide our
planning, we had solicited your aid through personal
calls and extensive questionnaires. From a detailed
analysis of your problems, we made possible the first
practical system of condenser servicing.

But, in spite of the progress you had helped us
make, we were still dissatisfied. Too many of you
complained of the growing number of “guides,” the
endless job of looking through dozens of books to get
the “dope” you needed. A bright idea suddenly struck”
us. Why not lump all of our separate manuals into
one complete book—a book where you could find on

one page and on one line all the information you -

needed for replacing controls, condensers and vibra-
tors? We could also put in the LF. peaks of all makes
and models, the complete tube complement, perhaps
a reference to the transformer circuit. So, we started
to work. .

In May, 1937, after months of almost insur-

mountable compilation and prbduction problems, we
brought out the First Edition of the Mallory-Yaxley
Radio Service Encyclopedia. (You nicknamed it the
“M.Y.E.”) Used daily by tens of thousands, this book

prompted your world wide testimony as to its indis-

pensable value. Many enthusiastic letters not only
bear witness to this fact, but also guided us in making
important changes in subsequent editions; changes

that made their predecessors obsolete.

The Second Edition “M.Y.E.” followed the first—
fifteen months later. 'Automatic tuning, with its maze

- of complications to plague the service engineer, was

appearing on all new sets with infinite variations.
From our first-hand experience in the design and ap-
plication of push-button switches with practically
every major set manufacturer, we gave you the first
clear, detailed analysis of all the systems—with sug-
gested servicing procedures. It was the hit of the year.
Again, you were profuse in your thanks.

In September, 1939, we presented the Third Edi-
tion, free of former “frills.” It had to be. More new
models of radio receivers had been announced during
the period from March, 1938, to September, 1939,
than in any other comparable period. The listings of
makes and models alone required more than twice the
number of pages that had been devoted to them in the
first edition. It became obvious that it would be an
impossibility to have both listings and general tech-
nical information in a single volume. The book would

become too big, too bulky and too expensive. We had
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no choice but to omit the technical articles. However,
the listings were made even more valuable by the addi-
tion of a number of new features, including a refei-
ence by volume and page number to Rider’s Manuals,
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and more complete information on tube complements.
You were grateful, and told us so.

New and vital developments in radio continued at a
dizzy pace. Shifts in frequency assignments for sta-
tions in the broadcast band necessitated your help in
the re-setting of automatic tuning receivers. Fre-
quency modulation was coming in. Television, with
totally new complexities for the service man, was on
the threshold. Anticipating your troubles, we hastened
the first issue of the Supplemental M.Y.E. Monthly
Technical Service . . . a service designed to give you
timely data in an unbiased, accurate and easy-to-
understand manner. As succeeding issues reached you
month after month, you hailed the supplements as
the one convenient, economical source of technical
information. You told us that they kept you abreast of
every current development, that one issue was worth
the price of the whole series. \

Almost a year had elapsed-from the time that the
twelfth, and final Supplement was mailed to you be-
fore we issued our next publication . . . the 4th Edi-
tion M.Y.E. During that year you showered us with
questions. The Engineering Application Section of
our Wholesale Division worked overtime to get you
the right answers—{fast. Replacements were becoming
more complicated. Controls, particularly, were the
big headache. The variety of shafts and bushings were
enough to drive you “nuts.” We purposely held up
the publication of the Fourth Edition M.Y.E. so that
we could give you thorough and painstaking replace-
ment recommendations . . . and also the maximum
universal replacement from the fewest number of indi-
vidual parts. -

Although we started early in 1940, the further we
got into the job of gathering samples of original parts,
circuit information and other data that would enable
us to set up accurate recommendations, the more evi-
dent it became that we could not hope to publish the
M.Y.E. in 1940. It was September of 1941 before we
could get the Fourth Edition in your hands . . . but it
was more valuable to you because of the delay.

There were twice as many pages of set and model
listings as in the Third Edition . . . almost 400. We
had to change the shape of the book, too, in order to
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accommodate original part numbers on all products.
But this new feature saved you even more time and
trouble in finding the correct replacement. ‘

When We issued the Fourth Edition M.Y.E. last
fall, we did not announce a Second Supplemental
Technical Service. There were too many uncertainties
ahead. We were in the midst of mounting defense
activities. The future of the entire radio industry was
unpredictable and we hesitated to commit ourselves
on a monthly service that we might have to suspend.
We sounded out a great number of you by personal
letter on the idea of bringing the former supplements
thoroughly up-to-the-minute, adding timely new ones,
and binding the whole works in hard cloth covers.
Your answers were so overwhelmingly affirmative
that we started immediately on the all-important revi-
sions and new texts.

Equally important as the enthusiastic “go-ahead”
signal were the many fine suggestions on the material
and subject matter for the new book. These sugges-
tions were all given the most careful consideration,
and wherever possible they have been incorporated to
make the M.Y.E. Technical Manual your book. In
presenting the M.Y.E. Technical Manual, we renew
again the responsibility we accepted eight years ago—
to provide you with factual, usable, reliable data that
would make your job easier and more profitable.

It is a war-time book in every sense. Begun in the

\

heat of the all-out defense effort, its progress con-
tinued apace despite serious curtailments in our
full-time technical staff as a result of drafts and enlist-

ments. As further proof of its timeliness, approxi-

‘mately 2,000 copies are being distributed to military

radio instructors. Once you look through the book,
you’ll understand why.

We are constantly studying your problems, work-
ing out new helps for you to meet the restrictions that
war imposes, bringing new ideas to you to make your
work more effective and more profitable.

We are in business to help you. Whether it be the
selection of a volume control for a 1928 model re-
ceiver, the procurement of a switch for an aircraft
crankshaft balancer, taking the hum from a public
address system, or any of the countless other problems
in service, substitution or procurement . . . the recom-
mendations of the Mallory Engineering Department
are yours for the asking. Sure, we’re busy . . . but not.
too busy to help you out.

We hope you’ll find the M.Y.E. Technical Manual
a worthy companion to the other well-read books in
your library. Use it regularly—refer to it, and to the
Fourth Edition M.Y.E., whenever you are stumped.
If the answers aren’t there, then write to our Engineer-
ing Application Section, Wholesale Division.

Remember, “Come hell or high water,” we’re here
to help you. ‘

P. R. MALLORY & €O., INC.
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LOUDSPEAKER DESIGN AND APPLICATION

In spite of the fact that the most important part of a radio receiver, P. A.
system, electric phonograph, and similar sound reproducing systems is its
loud speaker, there has been a dearth of practical technical information on this.
device. We have long felt that a simple, straight forward, factual exposition
of loud speakers would be of real value to the service engineer.

It was with this thought in mind that we asked the Jensen Radio Manufac- -
turing Company, Chicago, Illinois, for technical data suitable for preparation
of a text on this subject. They generously responded by furnishing this com-
plete treatise, which we believe to be a real contribution to the technical litera-
ture of radio. We believe you will find thls chapter to be both interesting

and valuable.

I. General Definitions, Physical
Characteristics

A loud speaker is a device for con-
verting audio-frequency electrical power
into acoustical power and radiating it
into a specific region,,

The most common .type of loud
speaker is the moving coil or “electro-
dynamic” type. This type of loud
speaker consists essentially of a radiator
or diaphragm to which is rigidly at-
tached a coil, which in turn is immersed
in a steady magnetic field. This dia-
phragm and coil assembly is suspended
by flexible supports allowing vibration
parallel to the axis of the coil. These
vibrations are the result of passing the
audio-frequency electric current through
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the coil. Figures 1 and 2 illustrate this
type of loud speaker.

Figures la, 1b, and lc illustrate the

“direct-radiator” type. That is, the loud
speaker is designed in such a way that

when used in conjunction with a suit-
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able “baffle” the diaphragm radiates di-
rectly into the surrounding air. In con-
trast, Figure 2 illustrates the classsin
which the diaphragm is coupled by
means of a “sound chamber” to a “horn”

. which-in turp radiates into the air. This

latter class of loud speakers will be dis-
cussed in a later section.

Figure la illustrates a speaker in
which the magnetic field is supplied by
means of an electromagnet or field coil,
whereas Figures 1b and lc illustrate

those in which a permanent magnet ful-
fills this duty.

II. The Magnetic Circuit; Field
Coils and Permanent Magnets

The operation of the loud speaker
does not depend upon how the mag-
netic field is supplied, providing this
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field has the required strength. This
latter point should be especially noted
since all further explanation concerning
the action of the moving parts will be
general, that is, the required magnetic
field strength is assumed.

Permanent magnet loud speakers are
generally available having magnetic
field strengths identical to equivalent
models using field coils. This equality
is a result of relatively recent develop-
ments in magnetic alloys. No apprecia-
ble deterioration has been noted in
original samples of magnets made from
these alloys several years ago. Thus
misapprehensions with regard to the
efficiency and stability of permanent
magnet structures need no longer exist.

For a given magnetic structure the
field strength depends on the magnet
weight. However as the magnet weight
varies, the air gap (the region in which
the voice coil is situated) should be al-
tefed to give best results. A figure of
merit including all these factors is a
good measure of the effectiveness-of the
unit; one such measure is-the maghetic
energy in the gap stated in milliops of
ergs. Typical values are 0.19 for a

_small inexpensive 5-inch permanent
magnet speaker, 1.36 for a good quality
10-inch speaker and 7.5 for a high
quality 12-inch speaker.

For an electromagnet magnetic struc-
ture the field strength depends on the
power dissipated in the coil. The manu-
facturer specifies the normal power to
be dissipated in the field coil. Table 1
shows the field current or voltage re-
quired to dissipate a given power in a
field coil of given resistance. As a rough
guide, field-coil power dissipation
should be approximately equal to the
maximum audio-frequency power-han.
dling capacity of the device.

In choosing a loud speaker for a
given application, the decision as to
permanent magnet or field coil mag-
netic structures depends on several fac-
tors (see section 9). Cost is in many
cases a vital factor. Very small perma-
nent magnet loud speakers cost from
the same to about 10% more than
equivalent field-coil units. Larger per-
manent magnet speakers used for public
address and large radio receivers cost
approximately 50% more than field
coil equivalents, while for very large
magnetic structures, such as used in
large public address installations, thea-
tre work, etc., the permanent magnet
speaker may cost more than twice as
much as the field coil unit.

III. Baffles, Cabinets and Acoustic
Loading Networks

Loud speakers of the direct-radiator
type are invariably mounted on some
form of auxiliary structure. This may
take the form of a cabinet (radio con-
sole), a flat plane surface with an open-

POLE PIECE

v

TABLE 1
Field Coil Excitation
Field
Power |Resistance| Field Current
(watts) (ohms) Voltage (ma)
3 500 38.8 1.5
3 1000 54.8 54.7
3 1500 67.2 44.7
3 1800 73.6 40.8
3 2500 86.6 34.6
4 500 44.8 89.3
4 1000 63.3 63.1
4 1500 77.5 51.6
4 1800 85.0 47.0
4 2500 100 40
6 500 54.8 110
6 1000 77.5 7.5
6 1500 95 63.1
6 1800 103 58.2
6 2500 122 49,1
8 500 63.3 126
8 1000 89.5 89.4
8 1500 110 72.7
8 1800 120 66.6
8 2500 141 56.7
10 500 70.8 141
10 4. 1000 100 100
10 1500 122 82
10 > 1800 134 74.6
10 2500, 158 63.3
14 s 83.8 167
14 IOOOf 118 119
14 1500 145 96.5
14 1800 159 81.7
14 2500 187 74.8
26 500 114 228
26 1000 161 162
26 1500 198 131
26 1800 216 120
26 2500 255 102

ing through which the speaker radiates
(flat baffle), or some more complex
$ystem of acoustic loading. All of these

TOP PLATE
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SOUND CHAMBER
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LOUD SPEAKER HORN UNIT WITH ANNULAR DIAPHRAGM
Fig. 2b
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devices may be classed in general as
“baffles.” Their primary function is to
acoustically “load” the loud speaker to
allow it to radiate more efficiently. This
improved efficiency usually occurs in
the low frequency range. It is important
to remember that the more “adequate”
the “baffle” the more improved will be
the low-frequency response. It should
be emphasized at this point that a loud
speaker cannot be considered as an iso-
lated element because: (1) Any baffle is
definitely a part of the acoustical sys-
tem; (2) The loud speaker may radiate
into a closed room which has its own
acoustic resonance characteristics re-
flected into the loud speaker; (3) The
accompanying audio-frequency electri-
cal circuils are definitely a part of the
composite system and must be consid-
ered when we discuss the operation of
a loud speaker system.

The simplest type of baflle is a large,
flat surface with an opening through
which the speaker radiates. However,
the simple flat baffle has the following
disadvantages: (1) Large size for ade-
quate low-frequency response; (2)
Very poor low-frequency response for
large angles from the speaker axis (that
is, as we approach the plane of the
baffle) ; (3) Limited acoustical flexi-
bility (that is, limited opportunity for
modification of response characteris-
tics) . The open-back radio console cabi-
net has the same inherent disadvantages,
since it resembles a flat baffle. However,
‘here a new form of difficulty arises
known as “cabinet resonance.” Cabinet
resonance actually modifies the response
characteristics of the system due to a
standing wave pattern in the cabinet.

10

This results in emphasis of the 150 to
250 cycle response.

The closed box is an improvement
in that it eliminates the back-side radi-
ation as such. In other words, if the
cabinet is rigid, all the sound at the rear
of the cabinet is due entirely to radia-
tion from the front of the cone. There
is, of course, practically uniform radia-
tion in all directions at low frequen-
cies. See Figure 3. The back-side radi-
ation from the cone may be absorbed
by a heavy absorbent lining on the
interior of the box.

SOLID LOUD SPEAKER ENCLOSURE

ENCLOSURE
b

| | —speEAKER
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MATERIAL/U~

T TR T T T

= 2~
Fig.3

The stiffness due to the compression
of the air in the closed box acts as if
the stiffness of the speaker suspension
itself were made greater. Cabinet reso-
nance may also occur and cause trouble
in the closed-box type of baffle if suffi-
cient absorbent material is not used or
if the enclosure is not sufficiently large.
The totally closed cabinet is sometimes
improperly called an “infinite baffle”
although the behavior of the system is
quite different

SUSPENSION

Still more elaborate acoustical load-
ing networks are in common use. In
one version a large volume is coupled
to the loud speaker and the acoustic
enclosure resonance is used to increase
low-frequency response. A modifica-
tion of this method is one in which a
column at the rear of the speaker is
lined with absorbent material so that

‘the column acts as a long acoustic

transmission line.

Figure 4 shows an especially effective
type of acoustic loading in which a sec-
ond opening or “port” in the otherwise
complete enclosure is adjacent to the
loud speaker diaphragm and is in effect
another radiator coupled to the loud
speaker diaphragm. This “secondary
radiator” (air in the mouth of the
port) moves with a given amplitude
and phase relative to that of the loud
speaker diaphragm in a manner de-
pending upon the speaker design and
dimensions.of the enclosure and open-
ing. This is known as the “Bass Reflex”
principle and results in considerable
advantage over the whole low-frequency
end of the acoustic spectrum. Only a
relatively small amount of sound ab-
sorbing material should be placed in-
side the enclosure, the object being to
have a very small absorption at low
frequencies. A modification uses a
series of short tubes instead of the sim-
ple opening in the enclosure.

It is to be emphasized at this point
that no effective equalization of the
electrical circuits in the driving ampli-
fiers can give the same results as ade-
quate acoustic loading and the subse-
quent high efficiency of the speaker
itself. This is true because: (1) the
poorly-baffled loud speaker has inher-
ently more distortion; (2) the highly
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equalized amplifier may very likely
have limited overload characteristics
thus introducing considerable ampli-
tude distortion.

IV. Horns and Horn Type
Loud Speakers

A horn is a device which is used to
couple a relatively small radiator effi-
ciently to the surrounding air. It is
essentially a tube of varying cross-
section, increasing in size from the loud
speaker unit to the open end. Relatively
high efficiencies are attained. Further-
more, the horn is relatively directional
at medium and high frequencies. (Con-
trary to popular opinion, horns are al-
most perfectly non-directional at low
frequencies.) The most common type
is the exponeniial horn in which the
area increases exponentially with dis-
tance along the horn. The lowest fre-
quency effectively radiated by a horn
depends, first, on its rate of change
of area, and second, upon its mouth
area; the low-frequency end of the

range is often called the horn “acous-
tic cutoff.”

The mouth diameter for a horn of
circular cross-section should be about
one-third of a wavelength at the lowest
frequency to be radiated. This relation
is shown in Figure 5.

There are three common variations
of horns, depending upon their particu-
lar function. The most common form
is the simple trumpet, or projector-type

HORN LENGTH 101/4 IN.
THROAT DIA. T . IN.
MOUTH DIA. 12 IN.

CUT OFF FREQUENCY 800 CYCLES

Fig. 6 R

horn, which has a straight axis with the
area expanding according to a definite
formula. Figure 6 illustrates this type.
A modification is the case in which the
complete horn is “coiled” or folded to
conserve space.

A second form of horn is known as
the multicell in which the area is
broken up into a number of sub-areas
each expanding individually—that is, a
group of individual cells forming an
array. These individual cells may be
formed by inserting partitions in a
simple or trumpet horn or they may be
completely separate sub-horns assem-
bled in an array. Figure 7 shows an
example of the latter type.

LOVDSPEAKER NIT

CovrLing THROAT

Fig.7
MULTICELLULAR HoORN
Throat Area = 1.718 in2

Mouth Area = 960 in2
Cutoff Freq. = 200 Cycles

The third form is known as the
folded or re-entrant type horn in which

.the axis along which the area expands

is no longer a simple straight or curved
line. Figure 8 shows one type in which

RE-ENTRANT HORN
. Fig.8

the area expands as a simple horn for
a short distance and then becomes an
annular area expanding back along the
exterior of the first simple horn sec-
tion. This type of folding may be car-
ried on even further. Figure 9 shows
a type commonly used with large dia-
phragm loud speakers in which the
area expands along two channels each

11
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folded upon itself. Folded and re-en-
trant horns are used where economy of
space is essential.

Horns are often used with direct
radiator speakers, the throat area being
approximately the same size as the
diaphragm, and are sometimes referred
to as “directional baffles.” Below the
horn “cutoff” the loud speaker merely
radiates essentially as it would on a flat
baffle of the same area as the horn sur-
face. Thus small “flares” used in this
way add nothing to the low-frequency
response although they may enhance
the speech-frequency range.

'V. Power-Handling Capacity

Power-handling capacity of a given
loud speaker unit is generally deter-
mined by the amount of power that can
be handled by the speaker before an
appreciable amount of distortion is
introduced or by the physical ability of
the voice coil to dissipate a given
amount of power. In most cases, espe-
cially where the speaker or speaker sys-
tem is the high-fidelity type, objection-
able distortion will be introduced be-

12

fore the temperature of the voice coil
has risen to a point where permanent
damage will occur. However, with the
standard-fidelity type speaker, i.e., one
whose high-frequency response is lim-
ited to frequencies below approxi-
mately 5,000 cycles, the distortion will
not be as noticeable as in the high-
fidelity type and it is often possible to
damage the voice coil before distortion
is noticeable. One important fact to
remember is that most manufacturers
rate their speakers as to the amount of
musical or voice power that can be
delivered to the speaker and not¢ the
amount of power at a single frequency.
In the case of a metal diaphragm type
speaker, when used with a horn de-
signed for the speaker, the power-
handling capacity of the unit will vary
with the frequency. At the lower fre-
quencies where the excursion of the

diaphragm increases as the frequency
decreases (for constant power input)

the limiting factor is the distance that
the diaphragm can move before strik-
ing the walls of the sound chamber.
Thus, a unit that will handle 20 watts
at 400 cycles will handle only approxi-

mately 10 watts at 200 cycles or only
approximately 5 watts at 100 cycles.

In general, for cone type speakers,
the size of the diaphragm and the voice
coil will determine the physical ability
of the unit to handle power. The power-.
handling capacity of the voice coil is
limited by its operating temperature
rise. Therefore a permanent magnet
speaker of a given cone, voice-coil and
magnet size, having no field coil to
contribute heat, is capable of dissipat-
ing more power in the voice coil than
the equivalent field-coil design. See Fig-
ure 10. Since no universally recognized
standard method of rating power-han-
dling capacity has been set up, some
manufacturers’ ratings are highly over-
optimistic, while other manufacturers
are ultra-conservative and their ratings
may oftentimes be exceeded by as much
as 100% before the speaker will fail for
physical reasons.

One common m1sundersta‘nd1ng is
the belief that a speaker rated at, for
example, 25 watts power-handling ca-
pacity and using a large cone, of say 15
to 18 inches diameter, cannot be driven
by a small amplifier satisfactorily. On
the contrary, the more efficient a speak-
er, regardless of its size, the more sound
output will be delivered by that speaker
for any glven electrical input power. If
an amplifier is normally used with a
12" speaker having an efficiency of ap-
proximately 5%, it can also be used
with an 18” speaker having power-
handling capacity of 25 watts or more
and an efficiency of 20%, and what is
more, the sound output from the larger
speaker will be approximately four
times (an increase of 6 db) that ob-
tained from the 12” speaker. In other
words a highly efficient speaker re-
quires less power to drive it to a given
acoustical output than a small inefficient
speaker.

Where a speaker system is used in
conjunction with an amplifier having
response-equalization or volume-expan-
sion circuits, it is of the utmost impor-
tance that the speaker be capable of
handling the maximum power that may
be delivered by the amplifier. For ex-
ample, even though the unit may be op-
erated on the average with only 2 watts
of power input, it must be capable of
handling 20 watts or more if the peak
power is increased by 10 db due to ex:
pansion or equalization.
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VI. Frequency Characteristics

The frequency response curve of a
loud speaker shows the sound pressure
output as frequency is varied. A con-
stant voltage is applied to the grid cir-
cuit of the power amplifier which in
turn drives the loud speaker under test.
It is important to recognize that the
frequency response curve of a loud
speaker is meaningless unless all of the

test conditions including the type of

room, driving amplifier and measuring
system used, are known. It is impracti-
cal for the average user to measure the
frequency characteristics of a loud
speaker since the measuring equipment
required is relatively complicated as
compared to that required, for example,
in measuring the response of an audio
amplifier. Moreover, the acoustics of
the room and the location of the micro-
phone and speaker under test, may be

so critical that even using the same
speaker and microphone, response
curves obtained under different condi-
tions may not be similar. For example,
the three response curves shown in Fig-

ure 11 were run by three well known .

laboratories on the same loud speaker.
Curve No. 1 was run by the manufac-
turer under outdoor conditions with a
single microphone in fixed position in
line with the speaker axis. Curve No.
2 was run by another laboratory using
the indoor rotating microphone meth-
od. Curve No. 3 was run by a third
laboratory using the indoor multiple
microphone method. The same speaker
was used throughout but the results are
radically different. For this reason, un-
less the test method employed is known
and the room acoustics are also known,
a curve run by one manufacturer can-
not be compared with that run by an-
other manufacturer. This explains the

»
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hesitancy of some manufacturers in re-
leasing response curves which are likely
to be misunderstood by the reader. Of
course curves run on the same measur-
ing equipment under identical test
conditions are directly’ comparable.
However, since the room conditions in
the final installation play such an im-
portant part in the quality of reproduc-
tion, it sometimes happens that the
curves of a particular laboratory show
that speaker “A” is more desirable than
speaker “B” from a theoretical stand-
point, while actually it may be found
that when the two speakers are com-
pared side-by-side under living room
conditions, speaker “B” is audibly
more acceptable to the listener than
speaker “A.” It is therefore suggested
that rather than match a speaker to a
given amplifier system and acoustic en-
vironment, the amplifier be adapted to
match the speaker to that environment.
This can be done by incorporating com-
pensation circuits (see Figure 15)
either in the form of equalizers or filter
circuits, and adjusting them when the
speaker is located in the desired posi-
tion and all other conditions are identi-
cal with those under which the system
will be normally operated.

There are several types of measure-
ments made on a loud speaker in order
to show its frequency response charac-
teristics. The most common is the ax-
ial response curve run with speaker
mounted in some sort of baffle and the
microphone located directly in front of
the speaker on its axis (generally 18 to
36 inches from the baffle). A curve ob-
tained by this method, however, is not
considered a complete picture of the
speaker response since it does not take
into consideration the directional char-
acteristics of the loud speaker. This
type of curve shows only what the listen-
er will hear when his ear is fairly close
to the speaker and in line with the axis,
which condition is seldom if ever real-
ized in actual practice. Another method
sometimes employed is one in which the
output of the speaker is measured by
the use of a moving microphone. A
third method uses a group of micro-
phones located at various positions
through the room. In both of these lat-
ter methods, the output of the micro-
phone or microphones is averaged so
that the sound radiated by the speaker,
both on and off the axis, is taken into

13
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consideration. Since the output of the
loud speaker at the higher frequencies is
considerably more directional thanat the
lower frequencies the multiple or mov-
ing microphone method would show less
high frequency output from a given
speaker than an axial response curve of
the same speaker. However, since a mul-
tiple microphone curve gives a more
complete picture of the overall efficien-
cy of the speaker at all frequencies, at
many positions within the room, it pzo-
vides a more reliable indication of the
actual room performance than the axial
method. The frequency characteristics.
of a speaker are determined not only by
design of the cone assembly but by the
method of baflling, the location within
the room and the position of sound ab-
sorbent materials and reflecting sur-
faces. Thus speaker “A,” having a tone
quality that is considered inferior to
speaker “B” in one particular room,
may sound much, better than speaker
“B” if the location of the speaker with-
in the room or the acoustics of the room
itself are changed.

It can be shown by means of frequen-
cy response curves that the frequency
characteristics of a loud speaker do not
vary with the amount of power deliv-
ered to the voice coil, assuming that the
speaker is not overloaded. However,
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due to well established characteristics
of the human ear, especially at low
sound intensities, the response does ap-
parently change with power input. As
shown in Figure 14, the reduced sensi-
tivity of the ear for low and high
frequencies relative to the middle fre-
quencies at low sound intensities, is re-
sponsible for this effect. Therefore, in
listening tests, means should be pro-
vided within the amplifier or elsewhere
in the system to compensate for the ap-
parent loss in low-frequency and high-
frequency response as the power level is
reduced.

VII. Impedance Matching

Since the required load impedance of
amplifier power tubes is relatively high,
and the impedance of loud speaker
voice coils (the load) is relatively low,
a transformer is generally used to match
these two radically different imped-
ances in order that transfer of power
may be efficiently accomplished. It can
be shown that the ratio of the trans-
former primary turns to the secondary

turns is the square root of the ratio be-
tween the speaker impedance and the
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load impedance required by the output
tubes.

The amount of mismatch between the
optimum load impedance required by
the tubes (tube manufacturers general-
ly list this value in their tube data
sheets) and that presented by the loud
speaker will depend upon the use to
which the system is put. In the case of
triode tubes the load impedance pre-
sented by the speaker should be equal
to, or in excess of, the optimum load
resistance required by the tubesin order
to keep tube distortion low. Since the
impedance of a speaker varies with fre-
quency (see Figure 12), the voice coil
impedance is approximately the mini-

- mum impedance above the resonant

frequency. In general the matching im-
pedance is the 400 cycle impedance for
a conventional speaker intended to re-
produce both high and low frequencies.

VIII. Audio-Frequency Transmis-
sion Lines and Transformers

When connecting speakers to an am-
plifier two factors should be taken into
consideration: First, the power loss,
due to line resistance, between the am-
plifier and speakers should be held to a
reasonable minimum value, and second,
the loss due to line capacity at the
highest frequency which is to be repro-
duced must not become appreciable.
Both effects are related to the length of
the line and the impedance at which the
line is operated. In general, if the dis-
tance between the amplifier and the
speakers is less than 25 or 30 feet, the
impedance of the connecting line (high
impedance, low impedance, or voice
coil) is not important and the most con-
venient impedance may be used. When
a distance greater than about 25 or 30
feet separates the amplifier and the

speakers, it is then necessary to take the -

resistance and capacity of the leads into
account.

Lines at Voice-Call Impedance
The following table (Table 2) of

maximum lengths (2 wires) of voice-
coil lines assumes a maximum line re-
sistance equal to 15% of the voice coil
impedance. This limits the power loss in
the line to about 15% of that delivered

¢ Section 1
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TABLE 2

MAXIMUM LENGTH OF LINE, FEET

WIRE SIZE B -
(B & S Gauge) Voice Coil Impedance
4 ohms 6 ohms 8 ohms 10 ohms

No. 12 190 feet 288 feet 385 feet 480 feet
No. 14 120 feet 180 feet 240 feet 300 feet
No. 16 75 feet 110 feet 150 feet 190 feet
No. 18 47 feet 70 feet 95 feet 118 feet
No. 20 30 feet 45 feet 60 feet 75 feet .
No. 22 19 feet 28 feet . 37 feet 46 feet

to the speakers. The capacity of the
lines is here considered negligible.

In the above table, the voice-coil im-
pedance value is the totel impedance on
one transmission line. If a single speak-

er is connected, then the total impedance -

is the voice coil impedance of the one
speaker; if two 4 ohm speakers in series
are connected, then the total impedance
is 8 ohms and line lengths would be
read in the 8 ohm column. On the other
hand, if two 8 ohm speakers are con-
nected in parallel, the resulting total im-
pedance would be 4 ohms. If more than
two speakers are employed, the total
impedance of the group must be calcu-
lated. If the total impedance falls be-
tween values used in the table, the line
length can be estimated with sufficient
accuracy for practical purposes.

If the use of Table 2 shows insuffi-
cient permissible line length at voice
coil impedance, then the line length can
be increased by working at a higher im-
pedance. For a given transmission line,
the higher the value of operating line
impedance, the lower will be the power
losses due to the resistance of the line.
However, the high-frequency losses in a
line due to the capacity between con-
ductors are greater in a high-impedance
line than in a low-impedance line. A
“500 ohm” line will usually afford an
acceptable compromise between the re-
sistance losses and the losses due to the
capacity of the leads.

At this point, it might be well to de-

. fine a “500 ohm” load. A “500 ohm”

load is one whose impedance is approxi-
mately (plus or minus 10%) 500 ohms
when measured at the amplifier end of
the line and includes all speakers, fil-
ters, level controls, and transformers
that may be connected across the line.
In other words, the impedance of the
total “load” including the line must
match that of the 500 ohm output trans-

former. This means that in order to con-
nect several speakers together in paral-
lel across a “500 ohm” line, the total
impedance of the “load” must be 500
ohms for all speakers, not individually.
For example: If four speakers with
their individual transformers are all
connected in parallel across a “500
ohm” line, each speaker with its own
transformer must have an impedance
of 2,000 ohms, not 500 ohms. Thus,
with four 2,000 ohm “loads” connected
in parallel, the resulting total imped-
ance would be one-fourth of 2,000 ohms
or 500 ohms. Of course, four speakers
with 500 ohm transformers could be
connected in series-parallel across the
500 ohm line.

For the purpose of computing the
“effective impedance” of a group of
speakers connected in parallel, use the
following equation:

1 1 1 1 1 1
P it o

1 ZZ Z3 Z4 5

or in the special case of 3 impedances
in parallel: .

Z, X Z, X Z

Z =

ZZZ3+Z123+21Z‘2

Where: Z is the effective Impedance of
the circuit

Z, is the Impedance of the first
speaker

Z, is the Impedance of the sec-
ond speaker

Z, is the Impedance of the third
speaker

etc.

15



SécﬁOn 1

This reasoning applies to all types of
loads such as transformers, speakers,
filters and level controls regardless of
the number used. The effective parallel
impedance of all the loads together,
when connected across’ a “500 ohm”
line, must be 500 ohms. The exception
to this is when a filter or level control,
ete., of the so-called 500 ohm input and
500 ohm output type is used. With a de-
vice of this kind the line is thought of
as simply. passing through the device
without its acting as a load. However, if
two or more of these devices are con-
nected in parallel across the line, they
must be considered as separate loads
and are treated accordingly.’

With this fact in mind, we may now
consider the methods of connecting the
amplifier and the “loads” to the line.
This is done by means of “impedance
matching” transformers. The trans-
formers are so designed that, with a
given value of load impedance con-
nected across one winding, the imped-
ance measured across the other winding
is the required value. In a large well-
designed transformer, there will be
negligible loss of energy due to this
transformation (usually about 10%).
Thus, a plate-to-line transformer is used
to transfer the output of the power
tubes at their inherently high imped-
ance to a low-impedance line. For
example: If the plate-to-plate load im-
pedance required for a pair of output
tubes in push-pull is 4,500 ohms, a
plate-to-plate transformer with an im-
pedance ratio of nine to one will be
required in order to match these output
tubes to a 500 ohm line.

In order to keep the loss of the line at
a minimum, the total resistance of the
conductors themselves and their capac-
ity must be limited to reasonable values.
.The total resistance of the line should
not be more than about 5% of the load
and should preferably be less. Thus, if
a pair of No. 14 wires is to be used as a
500 ohm line, the line should not be
more than 5,000 feet long (10,000 feet
of wire, resistance 2.52 ohms per thou-
sand feet) if the allowable resistance is
not to be exceeded.

Upon this basis the maximum length
of line (2 wires) for varjous sizes of
conductor is as follows (Table 3) :

16

TABLE 3—500 ohm line

WIRE SIZE | MAXIMUM LENGTH
(B & S Gauge) | (Resistance =25 ohms)

No. 12 8,000 feet

No. 14 5,000 feet

No. 16 3,100 feet

No. 18 2,000 feet

No. 20 1,200 feet

No. 22 780 feet

The other factor controlling the per-
missible length of the “500 ohm” line is
the capacity of the leads which causes a
loss (attenuation) of the higher fre-

THE MYE TECHNICAL MANUAL

The transformer must be large enough
to handle the power involved and, with
all the speakers connected in parallel to
the transformer secondary, the primary
impedance must have the required val-
ue. Thus, if six speakers each having
6-ohm voice coils are to be connected
in parallel to a 500 ohm line, the result-
ing parallel impedance of the voice
coils will be 1 ohm and the correct
transformer to use will be one with a
500 ohm primary and a 1 ohm second-
ary. If, however, the speakers are sepa-

- rated by more than one-half the allow-

able distance given in Table 2, or have

TABLE 4—500 ohm line

HIGHEST FREQUENCY DESIRED

MAXIMUM LENGTH
(Loss at highest frequency =3 db)

20,000 cycles per second
15,000 cycles per second
10,000 cycles per second
7,500 cycles per second
5,000 cycles per second

300 feet
400 feet
600 feet
900 feet
1,200 feet

quencies. Ordinary twisted pair or lead-
covered cable has a capacity of approxi-
mately 50 mmfd. per foot. On this
basis a “500 ohm” line will be limited
in length to 600 feet if it is desired to
keep the attenuation at 10,000 cps. less
than 3 db at the highest desired fre-
quency. This assumes, of course, that
the resistance losses due to the size of
the wire used for the line do not exceed
25 ohms (see Table 3). The calculation
of losses at high frequencies takes into
consideration the capacity of the line
and the fact that the impedance of a
dynamic speaker is higher than the
rated value at the higher frequencies.

Thus if it is found necessary to run a
line longer than 600 feet and still repro-
duce frequencies up to 10,000 cps.with-
out attenuation, it will be necessary to
use an equalizer (preferably within the
amplifier or its input circuit) to com-
pensate for the loss due to the capacity
of the line, or to operate at a lower line
impedance.

The choice of transformers at the
load end of the line is dependent upon
the number and type of speakers in-
volved. If all the speakers have the same
voice-coil impedance at 400 cycles (400
cycles is the usual matching frequency
for dynamic speakers) and all are
mounted close together, all the voice

. coils may be connected in parallel and

through one transformer to the line.

different voice-coil impedances, it will
then be necessary to use separate line-
to-voice-coil transformers for each
speaker. In this case, the primary im-
pedance of each -of the transformers
will have to be 3,000 ohms so that when
all six transformers are connected in

" parallel, the resulting impedance will be

500 ohms.

This brings up the relative merits of
series and parallel connections. The
main objection to the series method of
connections is that, in case of the fail-
ure of one unit by open-circuiting, the

~ entire system becomes inoperative. The

use of series connections of speakers or
transformers is sometimes a practical
necessity, however, as in the case of
matching two 8 ohm voice coil speakers
to a transformer which has only a 16
ohm secondary. Then, of course, the
most economical method is to connect
the voice coils in series.

Phasing

When more than one speaker is used
in an installation, it is important to
operate all the voice coils “in-phase.”
That is, all the diaphragms should move
in the same direction at the same in-
stant. If they are not in-phase, the
sound output will be materially reduced
because the sound from one unit will
cancel that of the other. The most sim-
ple method of checking the phase of
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speakers is to first connect and excite
the fields of all the speakers and then
short out the “bucking coils,” if any,

temporarily. Then take a dry cell bat- -

tery (114 volts) and touch the positive
side of the battery to one voice coil lead
and the negative side to the other voice
coil lead. The cone will “jump” either
in or out at the instant the battery is
connected. Test all the speakers in the
same manner, marking the lead on each
speaker which was connected to the
positive battery terminal when the cone
“jumped” out. For parallel operation,
connect all the leads that went to the
positive side together and all those that
went to the negative side together and
the speakers will be correctly phased.
If series operation is necessary, connect
between unlike terminals in the usual
manner. In order to reverse the phase
of any speaker, simply reverse the voice
coil connections, leaving the field con-
nections the same as they were before.
If it is desired to phase several speakers
each having its own transformer at-
tached, the same procedure as outlined
above is followed except that a battery

"of about 2214 volts and the primary
leads of the transformer (instead of the
voice coil leads) are used (voice coil
leads are to be attached to transformer
secondary leads, and “bucking coil”
shorted out temporarily).

IX. Applications

Replacements

When installing a replacement speak-
er there are several important points to
consider other than the obvious ones of
physical size, transformer impedance
and field coil resistance. Probably the
one least considered is the size of the
field coil. The amount of copper in the
field will have a direct bearing on the
amount of power that can safely be dis-
sipated in the field without overheating
and causing a mechanical failure. It
will also have a decided effect upon the
efficiency and performance of the speak-
er. For example, if the original speaker
(say a 5 inch speaker) had a relatively
large field coil, say 2,500 ohms No. 35
wire (.73 Ibs. of copper) and dissipated
5 watts of power, it would be inviting
trouble to use a replacement speaker
having the smallest possible field coil
of the same resistance just because it is
less expensive. Using the smaller field

would cause the field to run very much
hotter (the original field was probably
hot enough) than advisable which
could easily cause the new field or the
voice coil to fail very soon. On the other

hand if the original field was relatively -

small and failure was not due to over-
heating, there is little to be gained by
going to a large field coil unless, of
course, the power delivered to the new
field coil can be increased accordingly
without upsetting the plate voltages
throughout the receiver. Therefore,
whenever possible, use a replacement
speaker having a field coil of approxi-
mately the same physical size as that of
the original.

At this point it'may be well to point
out the improved performance obtain-
able by replacing the field coil type
speakers supplied originally in the older
A.C.-D.C. sets with a P.M. type speaker.
This change will reduce the drain
on the rectifier tube and possibly im-
prove efficiency. This should only be
done, however, when the original field
coil was connected directly from the
positive high voltage to ground, not
when it was used as a bias resistor or as
a choke in the power supply unless the
original field is replaced by an equiva-
lent fixed resistor.

Oftentime when replacing the origi-
nal speaker it is desirable to use a larger
speaker where it can be accommodated,
as for example in a large console. In
general, increasing the diameter of the
speaker cone will increase the bass re-
sponse of the system, assuming of
course that the amplifier will pass the
lower frequencies. Here, too, the size of
the field coil must be considered for
there is little to be gained if the original
speaker had six watts in the field and
the larger replacement requires fifteen
watts of field excitation. True, the low-
frequency response may be improved,
but it could probably be improved just
as much by using a less expensive
speaker with the same larger cone
diameter as the 15-watt speaker but
having ‘a smaller field that would be
fully excited with six watts. However, if
means are available for increasing the

* field excitation at the same time, then

use the larger field because the output
of the larger field coil speaker will be
greater and there will be less low-fre-
quency distortion due to the increased

* Section 1

damping action of the larger magnet
structure.

The substitution of a larger speaker
than the original, especially in the case
of midget receivers, is a subject that
should be considered by every service
engineer. The chief objection to midget
sets is their lack of low-frequency re-
sponse. Obviously with such a small
baffle and speaker the bass response of
the set will suffer. One solution to the
problem is to use a larger speaker in a
separate cabinet or baffle. Substituting a
twelve, fifteen or even eighteen-inch
speaker for the original 4 or 5-inch
speaker is indeed a revelation. Usually
it is only necessary to disconnect the
original transformer and substitute a
larger transformer to match the voice
coil of the new speaker to the output
stage. Leave the field of the original
speaker connected in the circuit in or-
der not to upset the plate voltages and
use a P.M. speaker (or one with its own
power supply) for the new speaker. In-
creasing the bass response by this
method will increase the hum also, but
this can be reduced to an acceptable
amount by the addition of filter con-
densers or at the most by the use of a
second “30 henry” choke in the power
supply circuit.

P. A. Installations

The size and type of speaker system
in a P. A. installation should be gov-
erned almost entirely by the size, type,
location, audience to be covered, the
type of sound to be reproduced and the
psychological reaction desired of the
audience. This, of course, requires that
each installation be analyzed before the
installation is even started. Accordingly
the analysis of the job should cover the
following points:

INDOORS

Size of auditorium.

Area to be covered.

Dimensions.

Approximate size of audience and locatlon
of same.

Actual volume of the room in cubic feet.

The reverberation time, if known.

Seating capacity.

Type and distribution of absorbing mate-
rials.

Location of orchestra or source of plckup.

Desired position of speakers and micro-
phones.

Ambient noise level.

Type of service.
VOlCe or muslc relnforcement
Remote pickup.
Symphony or jazz orchestra.
Point source illusion.

Frequency characteristics of phonograph
pickup microphone.
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Amplifier.
Audio power available.
Desired coverage.
PERMISSIBLE COST..
OUTDOORS
Area to be covered, in square feet.
Dimensions.
Approximate size and location of audience.
Desired location of microphones and
speakers.
Ambient noise level.
Loudest, noise which system must override.
Type of service. -
Voice or music reinforcement.
Remote pickup.
Symphony or jazz orchestra.
Point source illusion.
Frequency characteristics of phonograph
pickup microphone.
Amplifier.
Audio power available.
Desired coverage.

PERMISSIBLE COST.

If these facts are known it then be-
comes relatively simple to determine
the possible locations and types of
speaker system applicable in view of all
requirements. The amount of audio
power can best be determined by the
size of the audience—if outdoors
roughly 5 watts per thousand square
feet, or indoors in accordance with the
data given in Figure 13. Of course, the

MY E
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ambient noise level outdoors and noise
level as well as the acoustics of the room
indoors will have considerable bearing
on the final choice of speakers. It is al-
ways advisable to have more amplifier
power available than the necessary
minimum as a margin of safety against
distortion. Adequate power-handling
capacity should be available in the in-
stallation of loud speakers. Since cost is
often of predominating importance it
may be necessary to arrive at some suit-
able compromise between location and
type of speakers finally used as com-
pared with the ideal choice. Wherever
possible, if it is desirable to create the
illusion of the original source, the
speakers should be mounted in a cluster
and as near the source as possible—
generally directly overhead. Outdoors,
of course, .this requires that higher
powered speakers be used than if the
sound were distributed at low level
throughout the audience but this may
be more desirable than the distracting
effect upon the audience of having the
performer in front of them and hearing
his voice coming from behind or over-
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head. Whenever it is necessary that
sound be distributed from some point
other than the point of origin, it is al-
ways advisable to operate the speakers
at as low a level as is consistent with
intelligibility.

Where the system is required to re-
produce voice only, for example in a
football announcing system, it is not
necessary that frequencies below 150 to
250 cycles be reproduced by the speak-
er system. This permits the use of either
the new multicellular horns and driving
units or short trumpets. The former are
to be preferred, especially where a
highly efficient speaker system is advis-
able and where maximum intelligibility
is desired. However, where cost is the
more important factor, trumpets can be
substituted unless, of course, the num-
ber of trumpets required is such that it
would be more economical to use a
multicellular horn.

Where the reproduction of both
music and voice is required, a large
horn, baffle, ‘or suitable speaker en-
closure is of importance in order to re-
produce the lower frequencies (see
section 4). Thus, in an installation
where at times only voice will be repro-
duced and at other times a full orches-
tra, it may be desirable to use a two-way
system consisting of suitable low-fre-
quency unit and multicellular horn and
unit. In this way the multicellular high-
frequency system could be used where
voice only is being reproduced and the
entire system could be used for the
reproduction of music. This would be
by far the most economical use of all
possible components and at the same
time would result in the most efficient
possible speaker system.

Provision should be made, when us-
ing a speaker system outdoors, to pre-
vent exposure to excessive humidity.
This would require that the system it-
self either be weatherproofed or that
arrangements be made to cover the sys-
tem during rain or snow storms.

One important factor to keep in mind
is the distance over which sound must
be projected from a given speaker sys-
tem, since sound energy diminishes
approximately as the square of the dis-
tance from the source. In other words,
if a speaker system will lay down the
desired sound power at a distance of
100 feet with an input of 10 watts, 100 .
times as much power or 1,000 watts will
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be required if the distance is increased
to 1,000 feet. As a result, both the am:
plifier and the speaker system must be
designed to handle the required power.

Phonographs

Recent developments in recording
practice and improvements in phono-
graph pickups make it definitely worth-
while to provide extended-range loud
speakers for high quality reproduction
of commercial phonograph records. Sur-
face noise (or “needle scratch”) is, of
course, somewhat more noticeable as
the response range of the system is ex-
tended into the high frequencies. How-
ever, many listeners definitely prefer
the reproduction obtainable with such
equipment over that provided by stand-
ard fidelity speakers which usually give
predominant emphasis to the middle
high-frequency region. It is highly de-
sirable to provide means for adjusting
the high-frequency response of the
system, so that fewer “highs” are repro-
duced when playing old or worn rec-
ords. It should be remembered that
surface noise covers practically the en-
tire audible frequency range, and it can
be reduced only by restricting the range
which isreproduced. Thelow-frequency
response of the speaker system should
be good and enclosures of the “Bass
Reflex” type are particularly suitable.
The new Single, Concentric and two-
way extended-range loud speakers are

particularly suggested for high-quality
record reproduction. :

Since oftentimes phonograph rec-
ords are reproduced in the home at
much lower volume levels than those at
which they were originally recorded the
frequency characteristics of the human
ear must be taken into consideration. It
is therefore desirable to incorporate
both high and low-frequency compen-
sation circuits (see Figures 14 and 15)
within the amplifier so that the quality
of reproduction may be adjusted in ac-
cordance with the level of reproduction,
the acoustics of the room and the listen-
er’s preference.

Volume Expansion

« With a properly designed volume ex-
pansion circuit the reproduction of
phonograph recordings, especially sym-
phonic, can be made much more real-
istic since for practical reasons most
symphonic recordings are compressed
when originally recorded. This com-
pression is generally done automatical-
ly in the case of phonograph recordings,
whereas in the case of broadcasting sta-
tions the compression is done manually
in accordance with the best judgment
of the operator at the time. Volume ex-
pansion is, therefore, not generally used
for the reproduction of radio programs
but is considered desirable or even nec-
essary for high quality phonograph re-
production. It must be kept in mind,

however, that when compensation or
volume expansion is used in an ampli-
fier, both the output stage of the ampli-
fier and the speaker system must be
capable .of reproducing the loudest
passage without introducing appreci-
able distortion. For example, in the or-
dinary home living room and without
either compensation circuits or volume
expansion, an amplifier having an out-
put of 2 to 4 watts is ample. However, if
compensation circuits or volume expan-
sion having 10 db gain are introduced,
the output stage must be capable of de-
livering 20 to 40 watts power without
introducing distortion.

Custom Built Sets, Television and
Frequency Modulation Receivers

These receivers require a speaker
system having as wide a range of re-
sponse as is practical, consistent with
the cost and performance desired.

Single diaphragm type speakers are
now available covering the range from
below 60 cycles to 10,000 cycles and
above. Formost installations, especially
where cost is important, they will serve
very well. However, in general they are
less efficient than an equivalent sized
standard type speaker and they are
more directional at the higher frequen-
cies than a specially designed tweeter.
This first objection is not too important
because most amplifiers have ample re-
serve power, but the highly directional
characteristics ahove 5,000 cycles may
be quite objectionable.

In order to overcome this shortcom-
ing and to provide an even greater fre-
quency range, two-way speaker systems
are recommended. When using two
speakers to cover the audio spectrum it
is possible to design a speaker that will
do a better job of covering its portion
of the band than the single wide-range
speaker. In other words, the larger the
cone, in general, the better the low-{re-
quency response; but the smaller the
cone the less directional the highs. This
does not infer that any small cone type
speaker is inherently a good high-fre-
quency speaker. By using a metal
diaphragm high-frequency horn type
speaker a relatively small unit can be
made to reproduce the higher frequen-
cies more efficiently and with less di-
rectional effects than a larger wide-
range speaker. A two-way speaker sys-
tem also requires a dividing network of
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some sort but such a system can be
made quite efficient and need not be too
expensive. Thus, where it is desirable to

.

6C6

obtain as wide a frequency range as
possible, consistent with low cost, use a
single speaker; and where the utmost in
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SUPERHETERODYNE FIRST DETECTORS | :

AND OSCILLATORS

One of the first Superheterodyne

Receivers (RCA Radiola 28)

Introduction

The heart of a superheterodyne is its
frequency-changer—the first detector-
oscillator system which converts the fre-
quency of any incoming signal to the
fixed frequency of an intermediate fre-
quency or long wave R.F. amplifier;
where subsequent stages of amplifica-
tion build up the signal to the desired
level.

It is the purpose of this article to re-
view the development of the various cir-
cuits which have been used or proposed
for this application, to point out the ad-
vantages and disadvantages of each,
and to give service hints, so that the
service engineer or radio repairman
can proceed with confidence in making
any required adjustment.

Why the Superheterodyne?

Let us begin by briefly explaining the
advantages of the seemingly roundabout

way employed in superhéterodynes for -

the amplification and selection of radio
signals, as compared with the direct
method of amplifying the signal at its
original frequency (or tuned radio fre-
quency amplification).

22

The advantages are:

1. Better adjacent channel selec-
tivity

2. Uniform select1v1ty

3. Better circuit stability

4. Uniform gain at various fre-
quencies

5. Lower cost for equivalent per- .

formance

The advantages listed above arise
directly from the use of a fixed tuned
radio frequency amplifier (I.F.), oper-
ating generally, but not necessarily, at a
lower frequency or alonger wave-length
than the received signal. Precision
adjustment for optimum performance
is made when the receiver is con-
structed, and these adjustments will re-
tain their correct setting for extended
periods of time. The amplifier constants,
such as the inductance of the coils, the
coupling of the coils, and the value of
the tuning capacitors, have been selected
to give the best results at the desired
frequency. Physically such an amplifier
can be built with great compactness
since adjustable compression type mica
condensers or .small fixed condensers

-are used for tuning; as compared with

the bulky and expensive air dielectric
gang tuning condensers required for a
tuned radio frequency amplifier.

A recent Superheterodyne incorporating
modern design practices (RCA 27K)

Even the least expensive superhetero-
dynes usually have a total of five tuned
circuits contributing to the selectivity
of the receiver—a tuned antenna stage
and two tuned circuits in each LF. trans-
former. A comparable T.R.F. receiver
would have to employ a five-gang vari-
able condenser—a form of construction
so expensive as to limit its use to only
the most expensive sets. Furthermore,
gang condensers are bulky, and require
long leads for connections. This, in
turn, causes coupling between circuits
so that elaborate shielding must be used
to provide isolation and to prevent the
amplifier from oscillating. Such shield-
ing is obviously costly.

When amplification occurs at signal
frequency, the amplifier must be tuned
to the signal, and in conventional engi-
neering practice this is accomplished by
connecting a variable air dielectric ca-
pacitor across each inductance. Thus,
the L/C ratio (the ratio of inductance
to capacity) varies as the condenser is
adjusted for various frequencies, and
the selectivity characteristics are not
constant with frequency. The changing
L/C ratio varies the Q of the circuit.
The Q of a circuit is the ratio of induc-
tive reactance to resistance and consti-
tutes a figure of merit for a tuned circuit
since the higher the Q, the sharper the
tuning. The effect of variable capacity
also makes it exceedingly difficult to de-
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sign R.F. transformers having uniform
gain with frequency, since the gain is a
function of the impedance of the tuned
circuit, which varies with the Q. Even
more difficultis the designing of double-
tuned transformers (tuned primary—
tuned secondary type) since coupling
varies with capacity.

The fixed tuned LF. amplifier of a
superheterodyne is not open to any of
these objections.

There is another advantage of the
superheterodyne circuit which is inher-
ent to all such receivers using an inter-
mediate frequency lower than the
frequency of the received signal, name-
ly—arithmetical selectivity. Radio sta-
tions on the broadcast band are located
with 10 ke. channel spacing. It is highly
desirable for a radio receiver to dis-
criminate against interference from an
adjacent channel. The percentage of
difference between the frequency of the
desired signal and the signal on an
adjacent channel varies with the fre-
quency, thus, at 550 kc. the adjacent
channels are off-resonance by 1.8%. At
1,000 ke. the difference is 1%, while
at 1,500 kec. the difference is only
0.66%.

In a superheterodyne the incoming
signal is converted to the frequency of
the L.F. amplifier. An adjacent channel
station is still removed by 10 ke. at the
intermediate frequency. Thus, with
a 465 kec. intermediate frequency
the percentage difference between the
adjacent channels becomes over 2.1%.
This percentage difference is constant
at any portion of the broadcast band.

In this connection it is interesting to

" note that the percentage difference in-

- creases with lower LF. frequencies.
With a 175 ke. LF. the adjacent chan-
nels are separated by almost 6%, while
at 50 ke. (a value used by some manu-
facturers in the very early days of the
industry) the percentage difference is
20%. ‘

However, the problems of images
and spurious responses increases rapid-
ly with decreasing LF. frequency so
that the industry has largely standard-
ized on values near 465 kc. The pos-
sible presence of such interference
constitutes the main objection to
the superheterodyne principle, and con-
sequently the subject will be discussed
in a later paragraph.

¢ Section 2

How the First Detector-Oscillator
Works

The fundamental operation of the
first detector and oscillator is shown by
the block diagram, Figure 1. The
incoming signal is fed into a vacuum
tube, which may be a diode, triode,
tetrode, pentode, or one of the more
complicated types. The output of a local
oscillator is also fed into this tube,
where the two inputs are combined to
produce the intermediate frequency.
By means of special tubes or special
circuits it is possible to combine the
oscillator and mixer functions in a sin-
gle tube—however, the fundamental
operating principles remain the same.

FIRST

DETECTOR

LOCAL
OSCILLATOR

Frc. 1

INCOMING
SIGNAL

INTERMEDIATE
FREQUENCY

The local oscillator of a superhetero-
dyne receiver serves two functions.
First, it provides a frequency which
will combine with the radio-frequency
signal and produce, through detection,
a new radio frequency wave called the
intermediate frequency. For this pur-
pose the local oscillation need only be
of the same order of amplitude as the
signal.

When the signal and the local oscil-
lator voltages are combined in the same
circuit, at a given instant they may be
either opposing or aiding one another.
If the frequency of the signal and
that of the oscillator differ (as is the
case in a superheterodyne receiver),
then the two voltages will be alternately
aiding and opposing each other at a
repetition rate equal to the frequency of
the new signal voltage. This combining
of the two radio-frequency voltages is
called heterodyning, or beating. The
beat frequency, called the intermediate
frequency, is not produced immediately
as a result of combining the two radio
frequencies. There are still only the
original frequencies present but the
envelope of the combined wave is vary-
ing in amplitude at the beat frequency
rate. To create the new intermediate
frequency, this wave must pass through
a detector,

The second function of the local
oscillator is to raise the efficiency of
detection. If the incoming signal im-
pressed on the detector is of the order of
1 millivolt and the local oscillator volt-
age impressed on the detector is of
about the same value, the rectified out-
put would be practically zero. The
amplitude of the voltage impressed on
the detector must be of such a magni-
tude that the tube characteristic is dif-
ferent for the positive and negative half
cycles of oscillation. Increasing the
local oscillation voltage beyond the
requirements for producing the beat
envelope will result in raising the effi-
ciency of rectification. The amount of
local oscillation required for most effi-
cient conversion of the radio wave into
the intermediate wave is determined by
the detector tube design and usually
runs between 5 and 15 volts in conven-
tional circuits.

It will be seen from the above discus-
sion that the efficiency of conversion of
a heterodyne detector in a superhetero-
dyne receiver does not follow the cus-
tomary square-law response as does the
second detector and that no matter how
weak the incoming signal may be, there
is no threshold below which the detector
fails to operate.

The first detector is operated over a
non-linear part of its characteristic. The
local oscillation may be supplied from
a separate tube and impressed on the
grid circuit of the detector through a
coupling in its cathode lead, or it may
be supplied from other tube elements
within the same detector tube. Some of
the tube elements may serve the double
purpose of both oscillator and detector.
In this latter case the local oscillations
may not appear in the signal input grid
circuit. They will, however, serve their
purpose of changing the operating
characteristic of the detector by alter-
ing the electron flow through the detec-
tor part of the tube as the local oscilla-
tion swings through its cycle. The
detector tube is, in effect, cut off on the
negative cycles. This is the condition
required for detection. In addition to
serving as a detector and sometimes as
an oscillator, the first detector tube also
acts as an intermediate frequency am-
plifier since the detection takes place in
the grid circuit. The amplification thus -
obtained is approximately one-half the
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value which would be obtained if the
tube were used as a conventional inter-
mediate frequency amplifier. This is
due to the fact that the local oscillator
swings over the low gain part of the

tube characteristic on its negative half
cycle.

The first detector and the local oscil-
lator of a superheterodyne receiver
each perform two important functions:

The detector creates and amplifies the
intermediate frequency; the oscillator
raises the efficiency of detection and
combines with the signal to produce the
intermediate frequency signal.

- The Desired Signal, Images, and Spurious Responses

The Desired Siénal

We have stated that the intermediate
frequency signal is produced by com-
bining the incoming signal with R.F.
energy from a local oscillator. The com-
bining of frequencies for the produc-
tion of beats or heterodynes follows
simple arithmetic in that the two fre-
quencies are simply added or sub-
tracted. However, there are a number of
practical considerations  which prevent
the dismissal of the subject with this
brief statement. We believe the matter
can be most easily explained by using
specific examples. ‘

Let us assume that we have a desired
signal of 1,000 ke., and an intermediate
frequency of 465 ke. The conventional
way of producing the LF. frequency is
by operating the oscillator at a higher
frequency than the incoming signal—
thus:

Oscillator — Signal = Output

1,465 ke. 1,000 ke. 465 ke.

Although the intermediate frequency
could be obtained by operating the
oscillator at a lower frequency than the
signal: ‘

Signal — Oscillator — Output

1,000 ke. 535 ke. 465 ke.

The reason the oscillator is not used
on the low side for broadcast band re-
ception is that a greater tuning range
.would be required for the oscillator
than for the antenna or R.F. tuning—
thus:

Signal Oscillator Output
550 ke. 95 ke. 465 ke.
1,500ke.  1,035ke. 465 k.

A tuning range of 95 ke. to 1,035 ke.
would be impossible to secure without
band switching.

When using the oscillator on the
“high side” the tuning range of the
oscillator is less than tuning range of
the antenna.

24

Signal Oscillator Output
550 ke. 1,015 ke. 465 ke.
1,500 ke. 1,965 ke. 465 ke.

It will be noticed that while the
antenna frequency tuning range has a
ratio of roughly 3 to 1 between maxi-
mum and minimum, the oscillator tun-
ing range is approximately 2 to 1.

To provide the single dial control
required of modern receivers, some
method must be used to restrict the tun-
ing range of the oscillator so that a
uniform separation of the value of the
intermediate frequency is maintained
between the signal tuning and the oscil-
lator tuning. If a 465 kc. intermediate
frequency is used the .oscillator tuning
must always be 465 kec. removed from
the signal. This cannot be accomplished
by simply using a smaller coil for the

-oscillator, the effective tuning capacity

must also be reduced. This may be ac-
complished by connecting a condenser
in series with the oscillator section of
the tuning condenser to reduce its effec-
tive capacity. The series-connected con-
denser is called the low-frequency pad
and its adjustment is, or should be,
familiar to all servicemen. Another way

of accomplishing the same object is to
use a gang condenser in which the oscil-
lator tuning section has specially
shaped plates of smaller area than the
plates of the variable condenser sec-
tions used to tune the antenna and R.F.
stages.

It is interesting to note that if the
receiver is designed with the oscillator
operating at a lower frequency than the
signal, the low frequency pad or pads
would be placed in the antenna and R.F.
sections of the circuit. This unorthodox
method of using a “low side” oscillator
would prove of advantage in designing
an ultra-high frequency receiver, since
the oscillator would have greater out-
put and stability when operating at a
lower frequency. The difference be-
tween the “low side” or lower frequency
oscillator operation and “high side” or
high frequency oscillator operation
amounts to twice the intermediate fre-
quency, and with a 465 ke. LF. the
difference in efficiency would be negli-
gible. However, with a 5 megacycle LF.
the difference in oscillator frequency of
10 mc. between the two methods of op-
eration could result in a considerable
improvement in oscillator performance.

Images and Spurious Responses

We approach the subject of “Images
and Spurious Responses” with some
hesitation, because in this section it is
necessary to point out the essential
defects of the superheterodyne system.
It is difficult to point out how various
forms of interference originate within
the superheterodyne without appearing
to condemn the principle of the receiv-
er. Therefore we wish to state em-
phatically that the superheterodyne is
truly the king of radio receivers, and
that while various improvements will
undoubtedly occur, the fundamental
design will remain. This fact has been
recognized for many years.

The difficulty arises in the inability

to give a quantitative analysis of the
intensity of the various unwanted re-
sponses of the circuit as compared with
normal interference which originates in
the turmoil of our broadcast band.
After all, it must be realized that
there are only 95 channels for broad-
casting stations in the frequencies lying
between 550 ke. and 1,500 kc. and on
these 95 channels are located over 600
broadcasting stations. Satisfactory re-
ception can be obtained only on the few
clear channels; or from local stations
which have sufficient power to over-ride
interference originating from perhaps
a dozen other broadcasting stations
operating on the same wave length. An
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unwanted whistle or squeal does little
harm when it lands on a channel which
at the location of the receiver is unus-
able anyway; so that most of the effects
to be described will never be noticed by
the average listener.

So far, we have been discussing the
desired signal. However, many signals
other than the desired signal reach the
first detector, since the selectivity of the
usual input circuits of the average
receiver is anything but perfect. Signals
from the adjacent channels are rejected
by the selectivity of the intermediate
frequency amplifier. However, there
are numerous signals and combinations
of signals that can produce heterodynes

which will pass through the LF. ampli-.

fier. These spurious responses can cause

annoying interference, and a short
resumé of their causes is of interest.

Images

Let us revert to the specific example
used previously. Assume we have a
standard superheterodyne receiving a
1,000 kc. signal, and using a 465 ke.
LF. Then the normal operation of the
receiver is:

Oscillator — Signal = LF.

1,465 ke. 1,000 ke. 465 ke.

However, if a nearby station is oper-
ating at 1,930 kc. with sufficient inten-
sity to produce an appreciable signal on

the first detector grid, the resulting sig-
nal will be passed by the I.F. Thus:

;J;l;ieasilred } — . Oscillator = LF.
1,930 ke. 1,465 ke. 465 ke.

The image is simply the “low side”
oscillator response, and the image is
always removed from the desired signal
by twice the value of the intermediate
frequency.

A corollary of this is that the higher
the intermediate frequency, the farther
‘the image is removed from the desired
signal. Naturally, the farther the image
is displaced from the signal, the easier
the problem of preselection. With re-
ceivers using the old standard 175 ke.
~ LF., the image response to frequencies
between 550 kc. and 1,250 ke. was in
the broadcast band (900 ke. to 1,600
ke.), so that the possibility of spurious
response and interference is consider-
able. This is the reason why 175 ke. has

been largely dropped by the industry;
and why the better class of receiversthat
employ this L.F. frequency will be found
to use two, three, or even four tuned
circuits before the first detector. With

456 and 465 kc. LF. amplifiers the .

image (except for a few channels) falls
outside the broadcast band; further-
more the percentage of difference be-
tween the frequéncy of the desired
signal and the image becomes so large
that the rejection of a single tuned cir-
cuit, such as a tuned antenna stage,
becomes adequate for ordinary house-
hold reception. The mathematical ratio
of the response of a receiver to a wanted
signal, as compared to the response to
the image, is frequently called the image
ratio, and the greatér the ratio, the bet-
ter the receiver.

Spurious Responses from
Harmonics

The strength of the harmonics
emitted by modern transmitters is very
small in comparison with the power of
the fundamental wave, and in most
instances the actual harmonics cause lit-
tle interference. The regulations of the
Federal Communications Commission
take care of this. However, strong har-
monics of a signal may be generated in
the first detector tube; and the effect
will be exactly the same as if the har-
monics originated at the transmitter,
except that the locally generated har-
monics will be present only on the
stronger signals.

The production of harmonics by the
first detector generally occurs by reason
of grid rectification, the incoming sig-
nal having sufficient ‘amplitude to over-
ride the grid bias. This effect and its
cure is described on page 10. It is the
purpose of this section to point out the
spurious responses which may result
from the harmonics. Thus the second
harmonic of a 1,000 ke. signal would
be 2,000 ke.; and if the harmonic pos-
sessed a reasonable intensity it could be
picked up when the receiver was tuned
to that frequency. In this example, little
harm ‘would result to the broadcast lis-
tener since 2,000 ke. is outside of the
broadcast band. However, second har-
monics of stations from 550 to 800 ke.
fall in the broadcast band in fre-

quencies from 1,100 ke. to 1,600 kc. As
an example, the harmonic of a 700 ke.
station could spoil reception from a
1,400 kc. station—the effect would be
the same as two stations on the 1,400 kc.
channel.

Third, and higher harmonics are
occasionally encountered in high fre-
quency reception—their intensity is
usually considerably less than the
intensity of the second harmonic, but
their presence may fool the listener into
believing that he is listening to a distant
short-wave station, when the signal
actually is originating in a local trans-
mitter.

If the harmonics originate at the
transmitter, the harmonics are actual
radiated waves and they will be picked
up by any receiver of adequate sensi-
tivity, regardless of its design. The
effect of generating the harmonics at
the receiver is more pronounced in the
first detector of a superheterodyne than
in other types of radio circuits. Proper
circuit design, including the use of pre-
selection, provides a satisfactory answer
to the problem. A modern short wave
receiver with one or two stages of tuned
R.F. amplification before the first
detector rarely shows this defect.

Oscillator Harmonics

The oscillator of a superheterodyne
can, and usually does generate an abun-
dance of harmonics. In fact, this effect
was deliberately used in the early
Radiola 2nd Harmonic Superhetero-
dynes, in which the fundamental fre-
quency of the oscillator was one-half
the desired frequency. The purpose was
to prevent interlock because the low
intermediate frequency employed would
normally place the resonant points of
the oscillator and the detector input
coils very close together. The second
and higher harmonics of the oscillator
are capable of beating with an incom-
ing signal, and if the difference in fre-

.quency between the two equals the

intermediate frequency the resultant
output will pass through the L.F. ampli-
fier. As specific examples:

Desired
Oscillator — Signal = LF.
1,465 ke. 1,000 ke. 465 ke.

2nd Harmonic of 1,465 kc.—2,930
25
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ke. This 2,930 kc. oscillator input can
beat either of two frequencies to the
I.F. frequency:

2,930 ke. — 2,465 ke. = 465 kc.
3,395 ke. — 2,930 ke. = 465 ke.

3rd Harmonic of 1,465 kc. —4,395 kc.
4,395ke. — 3,930 ke. = 465 ke.
4,860 ke. — 4,395 ke. — 465 ke.

These examples will explain why a
short-wave station will occasionally be
tuned in on the broadcast band. The
input of such a station will be greatly
attenuated because the frequency is far
removed from the resonant frequency
of the detector grid tank (input tuning
circuit), so that the effect is generally
limited to very close stations. Many
radio amateurs are blamed for spoiling
broadcast reception when the real trou-
ble lies in the fact that the broadcast
receiver does not have adequate prese-
lection. Adequate preselection, plus rea-
sonable shielding of exposed grid wires
will eliminate the trouble, or at least
reduce the trouble to a negligible value.

Harmonics Beating Harmonics

Although seldom actually causing
trouble in receivers of modern design
using the higher intermediate fre-
quencies and modern mixer tubes, it is
perfectly possible for the harmonic of a
station carrier to beat with the harmonic
of the oscillator to a value which will be
passed by the intermediate frequency
amplifier. Because both harmonics will
have less amplitude than the fundamen-
tal frequencies, such responses are gen-
erally quite weak.

For those who are interested in a
pastime let us suggest that instead of
working a cross-word puzzle, the reader
try figuring all the various combina-
tions and permutations by which an
oscillator and its harmonics can beat on
a signal and its harmonics to produce a

signal at intermediate frequency. The

practical value of such calculation is
doubtful, because the higher the order
of the harmonic the weaker the ampli-

tude, but the number of such combina- -

tions is amazing, and the reader will be
assured of a full evening of entertain-
ment.
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Heterodynes Between Stations

There is a very good reason why the
even numbered intermediate frequen-

cies of 450, 460, 470, etc. are not gen-'

erally used in broadcast receivers.
Broadcasting stations are located in 10
ke. channels—and if two signals differ-
ing from each other in frequency by the
value of the intermediate frequency
enter the first detector, they will beat
with each other to produce a third sig-
nal of LF. value. The result would be a
continuous background jumble of the
two stations, regardless of where the
receiver was tuned. Odd numbered
intermediate frequencies are used, such
as 465 kc., 456 kc., etc., since broad-
casting stations are never spaced by
such an odd interval. Here is one of the
strongest arguments to the serviceman
that his test oscillator should be accu-
rate, since a discrepancy of 4 or 5 ke.
will align a receiver so as to be suscepti-
ble to interference from inter-station het-
erodynes. Another point—an interme-
diate frequency amplifier does not
accept a single frequency—it accepts a
band of frequencies. Also, while the
unmodulated carrier has, or should
have a single frequency, the modulated
carrier with its side bands may occupy
the full 10 ke. allotted channel. Conse-
quently, in locations where the receiver
is very close to two powerful broadcast-
ing stations separated by an interval
approximating the LF. frequency, say
460 kc. or 470 kc. with a 465 ke. I.F., a
jumble of the two stations may be heard
all over the dial. Assuming that the
antenna is of reasonable length, and
assuming that the receiver is properly
aligned, there is still one remedy left to
the serviceman. .Simply realign the
intermediate frequency a few ke. higher
or lower than the specified value. In
the example given above, realignment
at 475 kc. or 455 ke. will probably cure
'the trouble, and there is sufficient range
in the trimmers of most L.F. transform-
ers to permit this. Realignment of the
LF. will also call for readjustment of
the gang condenser trimmers and low
frequency pad. After realignment the
dial scale may be slightly “off” but this
can not be avoided, and is a small price
to pay for the elimination of the inter-
ference. ‘

Overall Feed-back

There is one curious form of inter-
ference which is fairly common in

receivers using a 175 ke. intermediate -

frequency, and that is the inability to
receive stations on 700 ke., 1,050 kec.,
and 1,400 ke. without a strong whistle
being heard. This whistle has been
found to originate through overall
feed-back. Some of the R.F. energy at
175 ke. frequency passes from the sec:
ond detector through the output system
of the set and is picked up by the input.
The fourth harmonic of 175 ke. is 700
ke.; the sixth harmonic is 1,050 kc.;
and the eighth is 1,400 ke. If this dis-
turbance suddenly appears in a receiver
which has previously been free from the
trouble, one should immediately sus-
pect the failure of the R.F. bypass con-
denser connected to the plate of the
second detector tube, the opening of the
ground lead between the receiver chas-
sis and the loud-speaker, or the failure
of other R.F. bypass condensers which
may be connected in the plate or grid
circuits of the audio system. If the
trouble seems inherent to the receiver,
and if reception of the three frequencies
listed is important, a very slight retun-
ing of the LF. transformers will shift
the interference to adjacent channels.
A 465 ke. LF. can cause trouble at only
one point in the broadcast band throug

‘overall feed-back—930 ke. '

Direct Interference

‘at LF. Frequencies

It is apparent that if the signal of a
transmitter operating at or near the
intermediate frequency appears on the
grid of the first detector, this signal will
be passed and amplified by the receiver.
Fortunately there are not many trans-
mitters operating on the common inter-
mediate frequencies. Efforts are being
made to reserve a channel from which
all long wave transmitters are barred to
totally eliminate such interference.
However, this reservation has not been
secured as yet and there are some loca-
tions where the interference is annoy-
ing. Airport “A-N” beacons are the
chief offenders for 262 kec. I.F. With
higher frequency L.F., interference may
be experienced from low frequency tele-
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graph transmitters. The remedy is to
install a wave trap in the antenna cir-
cuit of the receiver. Alignment of the
wave trap can be accomplished by feed-
ing the output of a signal generator
through a dummy antenna to the an-
tenna and ground binding posts of the
receiver. The signal generator is ad-
justed to the intermediate frequency
and then the trimmer of the wave trap
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is adjusted for minimum output of the
receiver.

The second harmonic of a long wave
station (actual, or generated in the first
detector of the receiver) may fall in the
band accepted by the I.F. amplifier and
thus eause interference.

Direct interference can also be elimi-
nated by realigning the L.F. amplifier to
a different frequency.

Oscillator Performance in Superheterodynes

Theory

The optimum performance of a
superheterodyne receiver depends to a
large extent upon the correct adjust-
ment and alignment of the local oscil-
lator used to heterodyne the incoming
signal to the frequency of the interme-
diate amplifier. The frequency range,
tracking, stability, and amplitude of the
oscillations must meet rather exacting
requirements if maximum performance
in the receiver is to be realized.

During the past thirteen years of
"superheterodyne design and develop-
ment more than one hundred different
oscillator-detector combinations have
been employed. A review of the circuits
more widely used and a consideration
of the service problems common to
them should be of much help to service-
men. These circuits appear to differ
greatly from each other, whereas actual-
ly they have many electrical character-
istics in common and can all be traced
back to the five basic’ oscillator circuits
shown in Figure 2.

Five Basic Circuits Used

The Hartley oscillator circuit shown
in Figure 2A is not in common use in
superheterodyne receivers, but is very
popular in commercial and amateur
transmitters. Much used variations of
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this circuit are the grid tuned oscil
lator of Figure 2B and the plate tuned
oscillator of Figure 2C. Radio amateurs
will recognize in Figure 2C the circuit
of the T.N.T. oscillator (if plate and
grid coils are not inductively coupled,
and if the grid coil is broadly resonant
to part of the plate circuit tuning
range). The Meissner circuit of Figure
2D may be considered a tuned circuit
with two tickler coils. The fourth varia-

tion of the Hartley oscillator is shown in
Figure 2E.

This circuit is substantially the same
as Figure 2A except the ground point
has been changed from the cathode to
the junction of the coil and the rotor of
the tuning condenser. There are several
advantages to this change. First, the
rotor of the condenser is at ground R.F.
potential, which permits the employ-
ment of a bath-tub type gang condenser
for tuning. In this form of construction
the rotors of the various gang sections
are common and grounded.

The second point is that the grid con-
denser is no longer required to prevent
plate voltage from being applied to the
grid of the oscillator. The D.C. voltage
across this condenser now consists sole-
ly of the D.C. bias voltage developed
through grid rectification and conse-
quently a condenser with comparatively
little insulation will be satisfactory in
the application. B is applied directly
to the plate (or oscillator anode) of the
tube, and this potential does not appear
in the tuning capacitor. This last type
of circuit is used in the new single-
ended pentagrid converters, types
6SA7 and 12SA7.

It is obvious that this circuit can only
be used conveniently with tubes having
indirectly heated cathodes which are
insulated from the heater circuit. Fila-
mentary cathodes require R.F. chokes
in the heater supply circuit so that the
cathode may be “off ground” at R.F.
potentials.

Colpitts Oscillator

The Colpitts circuit (Fig. 2F) differs
from the Hartley in one important
respect—the division of the circuit is
made by tapping the capacitance rather
than by tapping the inductance.
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In a Hartley circuit the separation of
the plate and grid circuits is obtained
either by tapping the coil, or by using
separate grid and plate coils in an
inductive relationship. In a Colpitts
circuit the effect of a tapped condenser
is obtained by connecting two condens-
ers in series.

The Colpitts circuit is frequently
used in push button tuning circuits em-
ploying permeability tuning, and is also
used for the long wave “weather” band
of some receivers.

Combination Colpitts and
Tickler Oscillator

Figure 2G shows a combination cir-
cuit employing both tickler and capaci-
tive feed-back. This circuit has several
important advantages. By proper selec-
tion of constants the oscillator output
can be made quite uniform with fre-
quency. Because of the capacitive feed-
back, the number of tickler turns can
be kept quite small, so that trouble from
tickler resonance is avoided.

In the circuit illustrated the oscillator
low frequency pad C, serves also as the
feed-back condenser.

i

Tuned Circuits and Oscillations

In each of these circuits a tuned cir-
cuit consisting of an inductance and
variable capacitor determines the fre-
quency at which the circuit will oscil-
late. This tuned circuit may be in the
«grid circuit, the plate circuit, or in a
separate circuit coupled to the grid and
plate circuits. It is essential that some
method be used that will couple part of
the developed A.C. voltage on the plate
back to the grid circuit. In each of five
of the circuits shown in Figure 2, this is
done inductively. It is only necessary
that the tickler coil be connected in the
right way and sufficient coupling be
supplied to make the tube oscillate.
Whether or not the circuit will oscillate
during a complete rotation of the tun-
ing condenser, however, is another mat-

_ter, and one that is controlled almost

entirely by the coupling between plate

and grid coils. In almost every oscillator
circuit the developed voltage will be
greatest near the high frequency end
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and will decrease as the frequency is de-
creased. If sufficient feed-back is not
provided, the tube will stop oscillating
before it reaches the low frequency
end of the tuning range. It is very
necessary to have enough feed-back,
especially in the new all-wave receivers,
in which, for economic reasons, it is
necessary to ‘cover the greatest fre-
quency range with the fewest coils.
There are two ways in which greater
coupling can be secured between two
coils. One method is to increase the
number of turns in the tickler coil and

the other method is to place the two

coils closer to each other.

If the first method is used, it will be
found that after the number of turns
reaches a certain value, the resonant
frequency of the tickler will fall within
the tuning range of the tuned circuit.
This will result in the frequency of
oscillation being controlled by the tick-
ler instead of by the tuned circuit, and
the tuning condenser may be turned
through many degrees without affecting
the frequency. This is, of course, very
undesirable. On the other hand, if the
two coils are coupled tighter by placing
them closer together, the tuning range
will be sacrificed because the tickler coil
adds capacity to the tuned circuit and
this limits the frequency range. This in-
dicates that a compromise must be ef-
fected to secure: (1) The maximum
number of turns on the tickler that will
not cause it to resonate within the desired
frequency range. (2) Close coupling be-
tween tickler and tuned circuit with the
minimum capacity effect. (3) The great-
est frequency range that can be covered.

This compromise is easy to effect on
the broadcast band but becomes increas-
ingly difficult with an increase in fre-
quency. On the broadcast band, if only
the range 550 ke. to 1,500 ke. is to be
covered we cannot increase the cou-
pling too much or another undesirable
trouble is encountered—that of para-
sitic oscillation. When an oscillator is
forced to generate a high A.C. voltage,
it produces simultaneously a number of

_harmonics and it also has a tendency to

oscillate at a second frequency usually
higher than the original. This is called
parasitic oscillation and in a superhet-
erodyne oscillator causes squeals and
whistles at the high frequency end of

the band. Too great a coupling between

plate and grid coils in an oscillator
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causes parasitic oscillation on the high
frequency end, and too loose a coupling
may result in the oscillator stopping at
the low frequency end of the band.
Somewhere between these two condi-
tions will be found the proper degree of
coupling. In service work, some sets
will be found where the coupling is at
a critical point so that a matched oscil-

 lator tube will work, but one that is on

the low side of the mutual conductance
limit will stop oscillating somewhere
near the low frequency end of the band.

The Grid Leak and Condehser

The function of the grid condenser
and leak common to all seven circuits
shown in Figure 2 may not be apparent
at first glance. These two necessary
items are used to secure an automatic
grid bias for the oscillator tube.

With the grid connected to the cath-
ode by the grid leak, the bias on the grid
is of course zero when the tube is not
oscillating. A tube so operated is very
sensitive to any circuit change and is
very unstable. With a positive voltage
applied to the plate and the heater cur-
rent turned on, the first surge of elec-
trons from the cathode to the plate will
cause the tube to start regenerating and
within a few cycles this will build up
sufficient feed-back voltage to cause the

11
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tube to oscillate. With the tube oscillat-
ing, the voltage feed-back from the
plate circuit will alternately make the
grid positive, then negative. When the
grid goes positive, it will act as a diode
plate and attract some of the electrons
that would otherwise go to the plate, and
these electrons flowing through the grid
leak will develop a voltage that will bias
the grid negative. If the grid condenser
and leak are of the proper value to pre-
vent all of these electrons from leaving
the grid during the negative cycle, the
grid will maintain this bias as long as
the tube is oscillating. This effect can be
shown in two ways—ﬁrst by connecting
a 0-1 milliammeter in series with the
grid leak and, second, by connecting a
milliammeter in series with the plate
return circuit. When the tube is not
oscillating, the plate current will be
higher than when it is oscillating. The
use of a meter in series with the grid
leak gives a very good indication of the
actual voltage developed by the oscil-
lator. It is only necessary to multiply
the grid leak resistance in ohms by the
grid current to determine this voltage.
Since the voltage developed by an oscil-
lator is proportional to the coupling,
this grid current measurement gives a
good test for determining the condition
of coupling which, we have seen, is very
important. This current is larger than
would be supposed because when the
grid is positive, the plate voltage is at
minimum and the grid attracts a rela-
tively large percentage of the electrons.
Since the translation gain of the first
detector oscillator combination is a
function of the oscillator voltage, it is
very important that this developed volt-
age be of satisfactory amplitude.

Engineering and Service

It is apparent from the foregoing dis-
cussion that an oscillator circuit that
will cover the desired frequency band
with a satisfactory developed oscillator
voltage so as to give good translation
gain and yet not cause parasitic oscilla-
tion trouble at the high frequency end
of the band, is one that has been very
well engineered and one that must be
" intelligently adjusted in the field, if sat-
isfactory receiver operation is to be
maintained.

¢ Section 2

Coupling Between Oscillator and First Detector

INDUCTIVELY COUPLED

B+

The first commercial superhetero-
dyne receivers employed triode tubes
throughout and were, of course, battery
operated. These early sets are now be-
tween ten and fifteen years old, and if
they have not already been, should be
retired in favor of newer and much bet-
ter sets. We will therefore ignore these
early receivers and consider only screen
grid type receivers.

To secure an intermediate frequency
in the plate cireuit of the first detector,
the voltage from the local oscillator is
beat against the incoming signal in the
control grid, cathode, or screen grid cir-
cuit of the first detector. ‘Five general
methods of coupling the first detector
with a separate oscillator tube have been
used. These are:

1. Inductive coupling of the oscilla-
tor coil to the first detector grid coil, as
illustrated in figure 3A.

2. Inductive coupling of the oscilla-
tor coil to a separate coil connected in
the grid return circuit of the first detec-
tor, as illustrated in figure 3B.

3. Inductive coupling of the oscil-
lator coil to a coil in series with the first
detector cathode circuit, or by capacity
coupling between oscillator cathode
and first detector cathode, as illustrated
in figures 3C and 3D.

4. Electron coupling by introducing
the oscillator voltage in the first detec-
tor screen-grid circuit by conductive,
inductive, or capacitive coupling as il-
lustrated in figures 3E, 3F, and 3G.

5. Electron coupling by introducing
the oscillator voltage into the first de-
tector by using a tube having an addi-
tional grid ‘structure, such as the
suppressor grid of an R.F. pentode; or
the oscillator grid of a 6L7, as illus-
trated in Figure 3J. °

The first two systems (1 and 2
above) introduce the oscillator voltage
into the control grid circuit of the first
detector and require either a relatively
weak oscillator voltage or very loose
coupling between the oscillator and first
detector control-grid coils. The second
method is the more satisfactory of the
two although too close a coupling be-
tween these two coils may cause the
tuning of one circuit to affect the tuning
of the other circuit. This type of inter-
action is very undesirable, and in ex-
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treme cases causes the two circuits to
“lock” together, making proper trim-
ming and tracking very difficult.
Assuming that the oscillator and first
detector coupling is satisfactory from a
non-interaction standpoint, there is still
one other source of trouble to consider.
This is the possibility that the oscillator
voltage may be so high (or the first
detector grid bias so low) that it will
* drive the control grid of the first detec-
tor positive. This usually occurs at the
high frequency end of the band, where
in most cases the oscillator develops its
maximum voltage. When the second
detector control grid is driven positive,

grid current flows in the grid circuit and

the sensitivity of the R.F. stage as well
as that of the first detector is seriously
reduced. If this condition is suspected
it can be easily checked by connecting a
0-1 milliammeter in series with the first
detector grid coil (between the low
potential end of the coil and ground)
and rotating the tuning condenser
through its entire tuning range. If at
any time the meter needle moves, the
first detector bias should be increased
or the oscillator voltage reduced. The
oscillator voltage may be reduced by re-
ducing the coupling between first de-
tector and oscillator coils, by reduc-
ing the coupling between the two oscil-
lator coils, by reducing the plate volt-
age of the oscillator, or by reducing the
grid leak or condenser—or both—of
the oscillator. To maintain the oscillator
developed voltage at a more constant
level in many sets a fixed resistor is con-
nected in series with the oscillator grid
as shown in figure 3H.

A vacuum tube voltmeter may be
used to measure the value of the oscil-
lator voltage induced in the control-grid
circuit of the first detector. If the vac-
uum tube voltmeter is calibrated in
R.M.S. volts, the oscillator voltage mea-
sured must be multiplied by 1.4 to find
the peak voltage. This peak voltage
should never equal the bias voltage of
the first detector.

The third system of inductive coup-
ling, in which the oscillator voltage is
induced into the cathode of the first de-
tector (illustrated in figures 3C and 3D),
gives less trouble due to interaction be-
tween the first detector tuned circuit
and the oscillator tuned circuit, but the
balance between first detector bias and
maximum oscillator voltage must be
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given the same consideration as in the
previous systems. In 3D the small by-
pass condenser across the cathode re-
sistor of the first detector provides a
convenient method of reducing the
oscillator voltage at the high frequency
end of the band, since its reactance will
be lower at high frequencies where the
oscillator voltage is usually greatest.
If the oscillator voltage is too high, in-
creasing the capacity of this condenser
will cure the trouble.

The coupling methods illustrated in
figures 3E, 3F, and 3G introduce the
oscillator voltage into the screen grid
of the first detector, where it is elec-
tronically mixed with the signal voltage
appearing on the control grid of the
tube. The electron stream and the small
capacity existing between control-grid
and screen-grid are the only links be-
tween the two circuits. There is, there-
fore, no chance for the oscillator to over-
ride the bias of the first detector and

_very miuch less trouble due to interac-

tion between the two tuned circuits. Be-
cause the screen-grid has less control
over the electron stream than the _control
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grid, the oscillator voltage applied to it
must be greater to give the same transla-
tion gain in the first detector. For this
reason, assuming the same oscillator
coils in each case, circuit 3E may not
give as good results as circuit 3F and
3G in which the oscillator plate voltage
can be higher than the first detector
screen-grid voltage, and as a conse-
quence develop a higher oscillator volt-
age. Circuit 3F is not as economical to

produce as types 3E and 3G because of -

the three coil feature, and for the same
reason will give more trouble in the
field due to difficulty of maintaining
proper coupling between the three coils.

Electron Coupling with
Suppressor Grid Injection

With R.F. pentode tubes having the
suppressor grid connection brought out
to a separate base pin, good operating
results can be obtained by injecting the
oscillator voltage in the suppressor grid
rather than in the cathode circuit as has
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been described. The suppressor control
of the plate current is as complete as that
of the control grid under proper con-
ditions, provided that enough control
voltage is used. The above statement
may be clarified somewhat by saying
that if the control grid is held at any
fixed potential, the plate current may be
varied between cutoff and the value cor-
responding to zero suppressor grid bias.

SUPPRESSOR GRID PLATE CHARACTERISTICS
TYPE 78 TUBE

Fic. 4

For example, Figure 4 shows the var-
iations of I, of a 78 tube with the sup-
pressor grid voltage. If the suppressor
grid is made negative enough, the plate
current is cut off for any of the screen
and control grid voltages. The principal
control effect of the suppressor grid
occurs in a range of —15 volts to —40
volts suppressor grid bias, and at more
positive values the suppressor grid has
comparatively little control on the plate
current flow. The curves are all for
—3 volts on the control grid except the
dotted curve which is for zero potential.
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Some discussion of the suppressor
grid control characteristic is in order.
No specifications for the suppressor
grid control on the plate current have
been published or standardized. A wide
range of turns per inch on the suppres-
sor grid may be found in various makes
of tubes. This wide range is permissible
from the standpoint of the rated char-

acteristics given with the suppressor"

grid at zero potential, and no serious
trouble has resulted even in the case
of combined oscillator-detector service.

The plate resistance is reduced when
the suppressor grid potential is made
negative. The suppressor grid potential
varies over wide limits however, so that
the average plate resistance is much
higher than the low values that would
be measured for a negative suppressor
grid with small signal.

Provided the injected voltage is kept
above a certain minimum value, the sen-
sitivity varies but little with variations
of the voltage injected in the suppressor
grid. The suppressor grid current
drawn when the suppressor grid is
swung positive is so small that it can be
neglected. With cathode injection, on
the other hand, the value of the injected
voltage is quite critical if optimum re-
sults are to be obtained, because the sen-
sitivity is reduced if the injected voltage
is reduced, and grid current is drawn if
the injected voltage is too high. From
this standpoint, suppressor grid injec-
tion is to favored.

A separate bias source was used in
making the measurements shown in fig-
ure 4. There is no reason, however, that
the suppressor could not be tied to the
grid of the oscillator tube and the oscil-
lator bias furnish the bias on the sup-
pressor grid also. A 20,000 ohm grid
leak will give between 50 and 60 per-

RELATIVE POSITION OF ELECTRODES OF THE 6L7
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cent rectification efficiency, say 55 per-
cent. A value of 35 volts D.C. bias would
thus be suitable for both injection and
D.C. bias. A resistor of 50,000 ohms
could be used also and the proper oscil-
lator strength could be found directly
from the data given, as the rectification
efficiency for 50,000 ohms is about 70
percent so that the R.M.S. values of
injected voltage are the same as the
rectified voltage.. No trouble would be
had in obtaining this voltage from a
separate oscillator. Figure 3] shows a
typical circuit diagram. .

The 6L.7 Mixer Tube

From the preceding data it will be.
seen that there are both advantages and
disadvantages when using suppressor
injection of oscillator voltage.

The advantages are:

1. Freedom of coupling between the
R.F. and oscillator tuning Ccircuits,
which prevents any tendency toward
“pulling” or “locking-in” of the oscil-
lator.

2. The value of the injected voltage
is comparatively non-critical, as long
as there is enough of it. There is no
danger of excessive oscillator input
causing the control grid to go positive,
causing the flow of grid current with its
attendant evils.

The principal disadvantages of using
an R.F. pentode tube with suppressor
injection are:

1. The oscillator must develop a
comparatively high output if complete
modulation of the signal is to be se-
cured.

2. A negative bias on the suppressor
grid of an R.F. pentode greatly lowers
the R.F. plate impedance, which is
harmful to selectivity.

These effects have prevented the sup-
pressor injection methods from achiev-
ing wide popularity. However, by modi-
fying the construction of the detector
tube, these defects can be eliminated.
The modification would consist of in-
creasing the amplifying action of the
suppressor grid; and the addition of a
screen between the suppressor and the
plate will maintain the plate resistance
at a satisfactory value. A further re-
finement may be made by inserting a
grounded suppressor between plate and
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oscillator screen. This hypothetical
tube, which is substantially the new 6L7,
thus requires five grids for good mixing
at high radio frequencies.

Figure 5 shows the relative positions

of the elements of the 6L.7. The tube
consists, as may be seen, of a heater, a
cathode, five concentric grids, and a
plate. Grid No. 1, which is nearest the
cathode, is one of the two control grids.
It is of the remote cut-off type and, be-
cause the R.F. signal to be converted
is applied between it and cathode as
shown in Figure 6, it may be referred to
as the signal grid. The remote cut-off

characteristic of this grid minimizes

R.F. distortion and cross-modulation
effects when its bias is under the control
of the A.V.C. system. Grid No. 2 serves
the same purpose as the screen in a
- conventional tetrode; it accelerates the
electrons toward the plate and reduces
the G,-G; capacitance to a small value.
(The numerical subscript denotes the
grid number.) Grid No. 3, interposed

between screens G, and G, is the second

control grid of the tube and has a sharp
cut-off characteristic. This grid may
be referred to as the oscillator grid, be-
cause the output of the external oscil-
lator is connected to it. Grid No. 4 is

. another screen; it increases the plate
resistance of the tube, reduces the G;-P
capacitance, and functions similarly to
the screen in a conventional tetrode. G.
and G, are connected together internally
and serve to limit the effects of second-
ary emission from the plate. Because of
the suppressor, it is possible to operate
the tube at low plate voltages. Figures
7 and 8 show typical radio receiver cir-
cuits using the 6L7 tube.
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TYPICAL OSCILLATOR-COUPLING CIRCUITS FOR THE 6L7
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. The 6J8G Converter Tube

The 6J8G construction is identical to
that of the 6L7 except that it has an

* additional triode section mounted at

the bottom of the common cathode.
This triode section is used as the oscil-
lator. The No. 1 grid of the triode is
tied internally to the No. 3 grid of the
heptode. The combining of the two
tubes in one envelope results in a cost
saving in radio receiver construction.

t

CONNECTIONS OF THE 6L7 AS A MIXER

I-F_ TRANS.

EXTERNAL
OSCILLATOR
TUBE AND
CIRCUIT

R—-F SIGNAL
CIRCUIT

Fic.6
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BOTTOM VIEW OF BASE

Autodyne First Detector
Combinations

The autodyne reached its greatest
popularity and development during the
beginning of the depression when a
great deal of research work was done on
small and inexpensive superheterodynes
in which it was necessary to reduce the
number of tubes and other parts to a
minimum. The greatest impetus to low
cost receiver development was, of
course, the series heater principle made
possible by the 6.3 volt, 0.3 ampere
tubes. Prior to the introduction of the
6A7 tube and multi-band receivers, the
autodyne detector was used very exten-
sively and a complete knowledge of its
mode of operation and'adjustment is
very necessary to the serviceman.

An RF. type of pentode tube, such |

as the 6C6, in which three grids are
brought out to independent base termi-
nals, can be used in three basic ways as
an oscillator. Feed-back from the plate
circuit to the control grid, screen-grid,
or suppressor grid will cause the tube
to oscillate at a frequency determined
by the constants of the circuit elements.

. In practice the screen grid is not used
because of instability caused by operat- .

ing the screen grid above R.F. ground
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potential, and because of the load im-
" posed on the tuned circuit by the rela-
tively low internal screen to ground im-
pedance within the tube. Therefore, for
purposes of analysis, we can divide all
autodyne detectors into two major
groups—the control grid types, in which
feed-back is between plate and control
grid, and the suppressor grid types in
which feed-back is between plate and
suppressor grid. Both of these types for
ease of description will be further sub-
divided. The tetrode tube cannot, of
course, be used as a suppressor grid type
autodyne detector.

N

Control-Grid Types of Autodyne
Detectors

The control-grid type of autodyne de-
tector has been the most popular be-
cause of the ease with which proper
oscillator amplitude can be secured.
(This follows because the mutual con-
ductance between control grid and plate
is much higher than that between sup-
pressor grid and plate, and because it
can be used with either the tetrode or
pentode type of tube construction.)

In Figures 9A, 9B, 9C, 9D, and 9E
are shown the three fundamental sys-
tems of control grid type of autodyne
detector. There are, of course, many
other variations, but these will be found
upon analysistobe simple modifications
of one of the circuits illustrated. Inlook-

ing over the five circuits mentioned it
will be noted that in each case a coil is
shown in the cathode circuit of the tube.
This is a reliable method of determining
that the autodyne under consideration
is a control grid type since the suppres-
sor grid type of autodyne detector does
not have a coil in the cathode circuit.
The function of the coil in the cathode
circuit may not be apparent at -first
glance. Upon a moment’s considera-
tion, however, it will be evident that
since all circuits in a vacuum tube must
return to the cathode, a coil in the cath-
ode circuit is common to the control
grid, screen grid, suppressor grid, and
plate circuit, and because a given voltage
impressed on the control grid will have
a much greater effect on the plate cur-
rent than the same voltage impressed on
either of the other grids or the plate,
we can ignore the other effects and, for
the purpose of this explanation, con-
sider the voltage impressed on the cath-
ode coil as acting exactly as though we
had impressed this voltage on the con-
trol grid alone. The A.C. voltage feed-
back from the plate circuit, at a fre-
quency determined by the L.C. of the
circuit, causes the cathode to vary in
potential with respect to the control
grid, which is, of course, the same effect
as varying the control grid voltage with
respect to the cathode. Assuming that

N

.|”

the coil system has not been damaged
and that no other fault exists in the auto-
dyne detector circuit, trouble may be

-experienced with an improper value of

cathode bias resistor. This will show
up usually when it is necessary to re-
place the original tube. It may be found
that several tubes must be tried before
one can be found that will operate prop-
erly. This undesirable condition can
usually be corrected by changing the
value of the cathode resistor to 10,000
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ohms. In general it will be found that

this value of resistance will give the
most uniform oscillator performance.
This bias value is very important to se-
cure the optimum detector sensitivity
and uniform oscillator amplitude. In
special cases experimenting with vari-
, ous values of cathode resistors may im-
prove the autodyne detector action and
make it unnecessary to pick tubes. It
must be kept in mind, however, that the
value suggested (10,000 ohms) is the
best average compromise between uni-
form oscillator performance, most sen-
sitive detector action and the ability of
the detector to handle large local station
signals.

In Figure 9A, a single coil is used
and a cathode tap is provided which has
the same effect as the separate tickler
coil shown in Figures 3B and 3C. You
will note in all five diagrams that no
grid leak and condenser is used such as
was shown in each oscillator circuit of
Pages 9 and 10. These units are not re-
quired in the control grid autodyne cir-
cuit because the oscillator grid—which
is also the signal control grid—must not
be driven positive by the peak positive
cycle of the oscillator wave (should this
occur, the signal input circuit will be
seriously loaded and poor sensitivity,
selectivity and distorted tone quality
will result.) We can consider that the
oscillator section of the autodyne: de-
tector is functioning like a class “A”
amplifier, that is, the peak signal applied
to the control grid (composed of the in-
coming signal voltage and the oscillator
voltage feed-back from the plate circuit)
must be less at any signal frequency or
signal amplitude than the bias appear-
ing across the 10,000 ohm cathode re-
sistor. From this it can be seen that the
grid cannot rectify a portion of the oscil-
lator voltage or, in other words, draw
grid current, as is necessary for bias
purposes in the single tube oscillator
or in the 6A7 oscillator section, and
so a grid leak and condenser are un-
necessary. Figures 9A and 9B are ex-
amples of the tuned plate, grid tickler
types of control grid autodyne. Figure
9C is a tuned grid, plate tickler type
and Figures 9D and 9E represent the
three coil Meissner circuit in which two
tickler windings are coupled to a tank
circuit.
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Suppressor Grid Type of
Autodyne Detector

In Figures 9F, 9G, and 9H are shown
three typical examples of the suppressor
grid type of autodyne detector., Figure
9F is one of the earliest systems used
and has a serious disadvantage in that
if a proper bias'is secured with the
cathode resistor to give good detector
action, the mutual conductance of the
suppressor grid to plate is so low that
it is difficult to secure sufficient oscillator
amplitude. On the other hand, if the
bias is high enough to give a good sup-
pressor mutual conductance so that the
tube will develop a good oscillator volt-
age, the control grid bias would be so
high as to reduce the plate current to
such a low value that the system would
give very poor gain. There is no satis-
factory compromise to eliminate this
trouble short of using two resistors in
the cathode circuit, such as shown in
Figures 9G and 9H, so that the control
grid and the suppressor grid may each
be biased separately. When this is done,
we can bias the control grid 3 or 4 volts
negative (measured with a high resist-
ance voltmeter from the midpoint of the
two resistors to cathode), and the sup-
pressor grid from 30 to 34 volts nega-
tive (measured with a high resistance
voltmeter between cathode and ground),

and secure both good detector and good

oscillator performance. Figure 9] indi-
cates how three good tubes may vary in
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suppressor grid to plate mutual conduc-
tance. Notice that with a —15 volts bias
.on the suppressor grid only one of the
tubes would have a high enough mutual
conductance to give good oscillator per-
formance, whereas at 30 volts all three
tubes would work equally well. In ad-
justing a suppressor grid autodyne, it
must be remembered that the developed
oscillator voltage will vary through the
band and since this in turn varies the
plate current (which must of course flow
through the cathode circuit resistors)
the control grid bias will likewise vary
throughout the band. It is important
that the control grid bias be maintained
at a minimum of 2 volts throughout the
entire band. If the control grid bias
falls below this value, a strong local
signal may drive the control grid posi-

Pentagrid

The operation of a well designed pen-
tagrid converter stage is so dependable,
and the number of circuit components
required so few, that it is easy to gain
the mistaken irhpression that if the per-
formance of this stage is unsatisfactory
the trouble must be due to the tube.
This remark is not intended as absolv-
ing the tube of all responsibility, since
it is realized that the pentagrid con-
verter is harder worked than any other
tube in the receiver with the possible
exception of the power tube, but rather
to point out at the beginning that mak-
ing a set'work by replacing the penta-
grid converter tube—only to have the
set again quit operating one to four
months later—cannot be considered a
reliable method of service procedure.
To guarantee service work the service-
man must be satisfied that the method
he has employed to correct the trouble
really effects a permanent cure, and
does not just supply a crutch that per-
mits the circuit to limp along under a
heavy handicap of power loss or unfa-
vorable circuit adjustment.

We found in the previous types of
oscillator circuits discussed that the set
engineer designed the oscillator circuit
to give the best compromise between
several conflicting considerations—the
same thing is true of the pentagrid con-
verter circuits. An intelligent apprecia-
tion of these factors, their theory, cause,
and cure will make service work much

tive and cause greatly reduced sensitiv-
ity and selectivity, and poor tone qual-
ity. All of the autodyne detector circuits
discussed have three limitations. These
are: 1. low translation gain, 2. limited
frequency range (usually the broad-
cast and police bands only), and 3. the
gain of the autodyne detector cannot be
controlled by the A.V.C. voltage. For
these reasons, almost all present day
receiver designers have abandoned the
autodyne detector oscillator combina-
tion in favor-of the later and superior
pentagrid converter type of tube—such
as the 2A7, 6A7, 6A8 and 6A8G. In
repairing some of the older receivers
having critical autodyne circuits, there
is much to be said in favor of replacing
the tube socket and rewiring the re-
ceiver for a pentagrid converter.

Converters

easier and certainly, by eliminating

some of the return calls, more profit-
able.

Pentagrid Converter Theory

Tube types 1A6, 1C6, 1D7G, 1C7G,
2A7, 6A7, 6A8, 6A8G, and 6D8G are
all pentagrid converters designed to
function as a combined first detector
and oscillator to “convert” the incomi-
ing signal frequency to an intermediate
for the purpose of securing selectivity
and sensitivity without fear of inter-
locking and tetrode section grid current.
The word “pentagrid” is a compound
word made up of the Greek prefix
“Pente” (or “penta” in the English
translation) meaning five, and grid—
literally, 5-grid. These five grids, num-
bering from the cathode, are: 1. the
oscillator control grid, 2. the oscillator
anode, 3. the inner screen grid, 4. the
signal control grid, and 5, the outer
screen grid. There are, of course, beside
these grids a heater or filament, plate
and, in the indirectly heated tubes, a
cathode. Grids 3 and 5 are connected
together inside the tube. Grid No. 2, the
oscillator anode, is made in current
practice without horizontal wires and
consists only of the two side rods. These
two side rods are called the oscillator
anode (meaning plate) but in circuit

/

diagrams are shown schematically as a
grid for simplicity.

The pentagrid converter may be con-
sidered as operating very much like a
conventional variable-mu tetrode first
detector with an associated triode oscil-
lator, except that the oscillator triode
grid is located next to the cathode and
is common to both the first detector
variable-mu tetrode and the oscillator
triode. The tetrode section of the tube
is modulated by the control grid voltage
on the oscillator triode in such a man-
ner that there is no danger of driving
the control grid of the tetrode positive.
Electrons emitted from the cathode sur-
face are influenced by the various grid
and plate voltages and divide up so that
grid No. 1 receives 7 per cent of the
electrons, the oscillator anode receives
37 per cent of electrons, grids 3 and 5
(screen grid) receive 28 per cent of the
electrons, and the plate receives the re-
maining 28 per cent.

Because of the oscillator grid’s stra-
tegic position next to the cathode, any
oscillator voltage on this grid will
modulate the entire electron stream re-
gardless of the ultimate destination of
the electrons. Referring to diagram
10, it is interesting to observe the
action that takes place within the tube
when it and the associated circuit com-
ponents are operating normally. When
the set is first turned on, the No. 1 grid
is at zero potential because it is tied to
the cathode by the 50,000 ohm grid
leak. As the cathode heats up and starts
to emit electrons, the feed-back between
oscillator anode and grid causes regen-
eration which immediately starts the
triode circuit to oscillating. When the
oscillator circuit is oscillating, the No. 1
grid is driven alternatingly positive and
negative. While the grid is positive, grid
current flows through the grid leak in
such a direction as to make the No. 1
grid negative with respect to the cath-
ode. This grid swing may make the grid
negative by as much as 30 to 40 volts,
and this becomes the grid bias point
about which the grid varies in ampli-
tude alternately in a positive and then a
negative direction under the influence
of plate circuit feed-back. From this it
can be seen- that the maximum instan-
taneous negative voltage on the No. 1
grid may be 60 to 80 volts. This voltage
would ordinarily be more than sufficient
to reduce the tetrode plate current to
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zero were it not for a secondary source
of electrons available to the No. 4 grid.
This second electron source is referred
to as a virtual cathode because it is em-
ployed exactly as though it were another
electron emitting cathode. The reason
for its existence is that most of the cath-
ode’s supply of electrons go through the
No. 1 grid while it has a positive or
slight negative charge, and are accel-
erated out of the No. 1 grid’s field of
influence by the relatively high positive
potential on the No. 3 grid. The next
" grid—tetrode section control grid—has
at all times a negative bias on it so that
a great many of these electrons are
slowed down and form a cloud of elec-
trons between the No. 3 and No. 4 grid.
It is from this cloud of electrons (vir-
tual cathode) that most of the plate cur-
rent is secured during that portion of a
cycle that the No. 1 grid is at its maxi-
mum negative potential. It is easy to
see from this action that the tetrode sec-
tion works independently of the triode
section, except that the tetrode plate
current is modulated by the triode grid
voltage. The No. 3 grid shields the tri-
ode section from the tetrode section and
prevents interaction. The tetrode grid
No. 4 is shielded from the plate by the
other screen grid, No. 5. Grids 3 and 5
are connected together inside the tube.
Automatic volume control bias may be
applied to the tetrode section without
affecting the performance of the oscil-
lator section, since the oscillator triode
secures its plate current first, direct
from the cathode. N

Oscillator Coil Coupling

. 4

The value of heterodyning voltage
developed by the triode section of the
tube is determined largely by the degree
of coupling between the tank or grid
circuit, and the tickler or plate circuit.
On the long wave band, 150 to 350 kc.,
and to a lesser extent on the broadcast
band little trouble is encountered in sé-
curing sufficient coupling. In fact, care
must be taken to prevent too much feed-
back in order to avoid causing the tube
to oscillate so strongly that "parasitic
oscillation will result.” By “parasitic”
oscillation is meant the generation of
extraneous frequencies, besides the fun-
damental desired, that are usually
" higher in frequency than the funda-
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mental. These usually occur at the high °

frequency end of the band and may
make the receiver sound as though some
other part of the receiver system were
oscillating. This condition may be diffi-
cult to trace to its source if the true rea-

' son for its existence is not suspected,

because any change in circuit constants
that affects the voltages on the various
elements of the pentagrid converter will
change the frequency or amplitude or
both of its characteristics. The proper
cure for this trouble is either to space
the two coils farther apart or to reduce
the number of turns on the tickler wind-
ing. The latter method is preferable
because it has the least effect on the
tracking of the oscillator, since very lit-
tle change is made in the capacity to

~ ground of the tank circuit. This change

may be necessary on the long wave and

_broadcast bands of sets that were manu-

factured shortly after the 2A7 and 6A7
were introduced, because it was found
necessary to increase the triode section
mutual conductance of these tubes in
order to provide satisfactory operation
on the short wave receivers that were
just becoming popular at that time. The
first sign of this condition will occur
when a new tube is used to replace the
one originally supplied with the receiv-
er. If the receiver is designed for broad-
cast only, any trace of parasitic oscilla-
tion may be eliminated by connecting a

500 to 1,000 ohm resistor from the oscil-

lator grid terminal of the socket to the
common point of the grid leak and con-
denser as shown in Figure 10. This
suppressor resistor will tend to equalize
the developed oscillator voltage over the
broadcast band. It should not be used
on receivers having short wave bands.
The reason for this is that it is almost
impossible to secure too much coupling
between oscillator coils on the higher
frequencies. This problem is just the re-
verse of that encountered on broadcast
and long wave bands. On the short wave
bands every effort is made to secure the
greatest mutual inductance between the
two coils, so that the developed oscillator
voltage will be as great as possible. The
problem is even more acute on those
receivers that use a large capacity tun-
ing condenser to secure the greatest fre-
quency coverage on each band, since it
is usually true that the greater the band

width covered the lower the oscillator -

voltage will be and hence the lower the

converter stage gain. For the high
frequency bands the tickler and tank
coils are placed very close together and
often the two windings are interwound
to secure the maximum- possible cou-
pling. When the maximum band width
is to ‘be covered, stray capacities must
be kept ata minimum, and in order to re-
duce the coil’s distributed capacity to a
minimum only a few turns of the tickler
can be interwound with the low poten-
tial end of the tank coil. This necessi-
tates a compromise between developed
oscillator voltage and the band width
that can be covered. A practical com-
promise is to adjust the oscillator volt-
age (by means of the coupling between
tickler and tank coils) to give about .1
ma. grid current through the oscillator
grid leak at the low frequency end
of the short wave band and then reduce
wiring and circuit capacities to give the
greatest spread between the minimum

TéEr
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and maximum frequencies that can be
secured with the variable condenser be-
ing used. In the absence of a vacuum
tube voltmeter, this method is the most
reliable method of determining the de-
veloped oscillator voltage. Connect a
0-1 ma. meter in series between cathode

- and 50,000 ohm grid leak so that D.C.

current flowing through the resistor will
indicate on the meter. The oscillator
A.C. voltage is then equal to the current
'multiplied by the resistance of the grid
leak. For A.C.-D.C. receiversthis current
may vary between .05 ma. and .25 ma.
depending upon the frequency at which
the oscillator is set. The minimum cur-
rent will flow at the low frequency end
of the highest frequency band and the
maximum current will be around 1,200
to 1,600 kc. in the broadcast band. For
A.C. receivers this grid current will
vary from .1 to .75 ma. If the oscillator
stops oscillating at the low frequency
end of the short wave band ‘and the sug-
gestions mentioned under “Grid Block-
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ing Condenser” and “Grid Leak Resis-
tor” (see page 19) do not eliminate this
trouble, the coupling between tank and
tickler coils should be increased. Usually
it will not be possible to add more than
one or two turns to the tickler coil to
effect this increase in coupling or the
tickler coil will resonate within the band
and cause trouble. If this increase is
insufficient to correct the difficulty, make
sure-the coil is dry and that the “B” sup-
ply voltage is normal, then push the two
coils as close together as possible and
accept the slight loss in band coverage
that will result. Such drastic action is
seldom necessary unless new replace-
ment coils are unobtainable for the set.
Varying the size of the grid blocking
condenser will often prove effective in
increasing the developed oscillator volt-
age.

Single-Ended Converters

The 6SA7 and 12SA7 are single-
ended pentagrid converters designed to
perform the functions of oscillator and
mixer in all-wave receivers. Since the
6SA7 and 12SA7 tubes are identical ex
cept for heater current and voltage, the
designation —SA7 in the following text
refers equally to either type of tube.
Structurally, these tubes differ from
other converter tube types in two im-

portant respects: (1) all electrodes
including the signal grid terminate at
base pins, and (2) sthere is no electrode
which functions only as oscillator
anode.

The single-ended construction em-
ployed in the —SA7 effects an appre-
ciable saving in installation cost because
a flexible grid lead and top-cap con-
nector are not required; in addition, the
lead connecting to the signal-grid ter-
minal of the socket can be made short
and rigid. Because there is no electrode
in the —SA7 that serves only as oscilla-
tor anode, the oscillator circuit shown
in Figure 12A is recommended for use
with this tube type. In this circuit, the
screen and the plate function as oscil-
lator anode and are at ground potential
for the oscillator frequency. The con-
struction of the oscillator coil and the
switching arrangement suggested in
Figure 12 for use with the —SA7 are
simpler than those often employed with
other converter tube types. As a result,
an appreciable saving in coil and cir-
cuit cost may be realized.

Description of the 6SA7-12SA7

As shown in Figure 11, the —SA7
consists of a heater, cathode, a grid (G,)
for the oscillator function, a screén (G,
and G,), a pair of collector plates
mounted on the side rods of G,, a signal
grid (G;), a suppressor (G;), and a
plate. The suppressor is connected to
the shell, and the two grids forming the
screen are connected together inside the
tube. The presence of the suppressor
increases the tube’s plate resistance and,
therefore, increases conversion gain.
This. action of the suppressor is espe-
cially important when the tube is oper-
ated with a plate-supply voltage as low
as the screen voltage, as in an A.C.-D.C.
receiver. An important function of the
screen and collector plates is to mini-
mize the effect of signal-grid voltage on
the space charge near the cathode. The
negative voltage on the signal grid re-
pels electrons traveling toward the plate
and turns some of these electrons back
toward the cathode. Any of these elec-
crons which reach the region near the
cathode affect space-charge conditions
in this region. It can be seen from Figure
11 that, because of the position of the
signal-grid side rods with respect to the
collector plates, the collector plates in-
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tercept most of the returning electrons.
The electrons returned by the signal
grid, therefore, have little effect on the
space charge near the cathode. Because
of the shielding effect of the screen, the
electrostatic field of the signal grid also
has little effect on the space charge.
Thus, the collector plates and the screen
serve to isolate the cathode space
charge from the signal grid. A

The result is that a change in signal-
grid voltage produces little change in
cathode current. Although a change in
signal-grid voltage produces a change
in plate current, this change is accom-
panied by an opposite and almost equal
change in screen current. An R.F. volt-
age on the signal grid, therefore, pro-
duces little modulation of the electron
current flowing in the cathode circuit.
This feature is important because it is
desirable that the impedance in the
cathode circuit should produce little
degeneration or regeneration of the sig-
nal-frequency input and intermediate-
frequency output. Another important
feature is that, because signal-grid volt-
age has little effect 'on the space charge
near the cathode, changes in A.V.C.
bias produce little change in oscillator
transconductance and in the input ca-
pacitance of the No. 1 grid. There is,
therefore, little detuning of the oscilla-
tor by A.V.C. bias.
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Adjustment of the Oscillator
Circuit

In the circuit of Figure 12A, the oscil-
lator circuit provides peak plate current
at the time when the oscillating voltage
(Ez) on the cathode (with respect to
ground) and the oscillating voltage
(E,) on the No. 1 grid are at their peak
positive values. For maximum conver-
sion transconductance, this peak value
of plate current should be as large as
possible. The effect on plate current of
the positive voltage on the cathode is
approximately the same as would be
produced by an equal voltage, of nega-
tive sign, applied to the signal grid.
Hence, the amplitude of oscillating volt-
age on the cathode limits the peak
plate current. This amplitude should,
therefore, be small, and the cathode tap
should be placed as close to the ground
end of the coil as satisfactory operation
will permit.

During the negative portion of an
oscillation cycle, the cathode may swing
more negative than the signal grid. If
this occurs, the signal grid will draw
current unless the oscillator grid is suffi-
ciently negative to cut off cathode cur-
rent. This signal-grid current will
develop a negative bias on the signal
grid and may also cause a negative bias
to be applied to the R.F. and LF. stages
through the A.V.C. system. As a result,
sensitivity will be decreased. In order
that signal-grid current should be pre-
vented, the D.C. bias developed on the
oscillator grid should be not less than
its cut-off value.

Because the peak plate current de-
pends on how far positive the oscillator
grid swings with respect to cathode, it
is desirable that this positive swing be
as large as possible. It follows that the
oscillator grid-leak resistance should be
low. This resistance, however, should
not be so low as to cause excessive
damping of the tank circuit. It hasbeen
found, for operation in frequency
bands lower than approximately 6
megacycles, that all these requirements
are generally best satisfied when the
oscillator circuit is adjusted to provide,
with recommended values of plate and
screen voltage, a value of Ej of approxi-
mately 2 volts peak, and an oscillator-
grid current of 0.5 milliampere through
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a grid-leak resistance (R,;) of 20,000
ohms. With a 20,000-ohm grid-leak re-
sistance, the rectification efficiency of
the No. 1 grid is approximately 0.7.
Since the bias on this grid is 10 volis
(0.5 milliampere X 20,000 ohms), the
peak value of E, is approximately
10/0.7 = 14 volts. With a 10-volt bias
and a peak oscillator-grid voltage of 14
volts, the peak positive voltage of the
oscillator grid with respect to cathode is
4 volts. If a higher value of R, were
used, the rectification efficiency would
be higher; hence for the same value of
E,, the peak positive voltage of the
oscillator grid with respect to cathode
would be lower, and, therefore, the con-
version transconductance would be
lower. _

In the low- and imedium-frequency
bands, the recommended oscillator con-
ditions can be readily obtained. How-
ever, in the frequency band covering
frequencies higher than approximately
6 megacycles, the tank-circuit imped-
ance is generally so low that it is not
easy to obtain these oscillator condi-
tions, especially at the low-frequency
end of the band. For optimum perform-
ance in this band, it is generally best to
adjust the oscillator circuit for maxi-
mum conversion gain at the low-fre-
quency end of the band. This method of
adjustment has the disadvantage that
when the oscillator is tuned to the high-
frequency end of the band, E; will be
greater than 2 volts peak and conver-
sion gain will, therefore, be less than
the maximum obtainable. However, this
disadvantage is usually outweighed by
the considerations that overexcitation
at the high-frequency end of the band
improves frequency stability, that some
decrease in conversion gain at the high
end of the band can be tolerated be-
cause the R.F. tuned circuits have higher
impedance at this end of the band, and
that a good factor of safety is provided
against the possibility of oscillation
being stopped by a decrease in line
voltage.

Maximum conversion gain at the
low-frequency end of the high-fre-
quency band is usually obtained by ad-
justment of the oscillator circuit to give
a value of E; of approximately 2 volts

" peak and an oscillator-grid current of

0.20 to 0.25 milliampere, with a grid
leak of 20,000 ohms. Because the oscil-
lator-grid bias voltage developed under

these conditions is less than the cut-off
value, some signal-grid current may be
observed. In tests which have been
made on typical receivers, this signal-
grid current and the resultant signal-
grid bias have been small and have
caused no difficulty.

The use of a tube voltmeter con-
nected across the cathode coil is sug-
gested as the simplest method of obtain-
ing approximately optimum oscillator
adjustments in all bands. Since the
impedance of the 6SA7 cathode circuit
is never very high, the requirements
with respect to voltmeter input conduct-
ance and capacitance are not very
severe; a diode with a 100,000-ohm
resistor and a microdmmeter would be
satisfactory. Adjustment should be
made for approximately 1.5 volts -
R.M.S. at the low-frequency end of each
band; when push-button circuits are
used, the cathode voltage for each push-
button position should be in the range
from approximately 1 volt to 3 volts
R.M.S. for best results.

Space-charge coupling between the
No. 1 grid and signal grid is present in
the 6SA7, as in other converter types.
This coupling is due to the effect of
No. 1-grid voltage on the space charge
in the region of the signal grid. An im-
portant effect of space-charge coupling
is to cause a voltage of oscillator fre-
quency (f,) to appear across the signal-
grid circuit. This voltage is 180 degrees
out of phase with the No. 1-grid voltage

when f, is greater than the signal fre-

quency (f). Thus, in the usual receiver
in which f, is greater than f,, the effec-
tive modulation of the signal-grid-to-
plate transconductance by a voltage of
oscillator frequency is reduced; the
value of conversion transconductance,
which is proportional to this modula-
tion, is also reduced.

In many converter tube types, the
effects of space-charge coupling can be
reduced by connecting a small con-
denser between No. 1 grid and signal
grid. Although this scheme reduces the
voltage of oscillator frequency that
appears across the signal-grid circuit, it
is not recommended for use in self-
excited circuits using the 6SA7. Tests
in receivers with such a condenser show
that: (1) sensitivity at frequencies in
the region of 18 megacycles is not great-
ly improved, (2) the tendency to flutter
increases, (3) frequency stability de-
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-creases, and (4) pull-in between signal
and oscillator circuits increases. Be-
cause these undesirable effects are
produced in self-excited circuits by ca-
pacitance between the No. 1 grid and
signal grid, the direct interelectrode
capacitance between these grids has
been made small. The base pins are
arranged so that stray circuit capaci-
tance between these grids can also be
made small.

The conversion transconductance of
the 6SA7 for the 250-volt operating
conditions is approximately 450 mi-
cromhos; the tube’s plate resistance is
approximately 0.8 megohm. The conver-
sion gain, which is the ratio of LF.
voltage across the plate load to R.F.
voltage input, is given by:

gorpRe
r, + Ru

where g, is the conversion transconduct-
ance of the tube, r, is the plate resist-
ance of the tube, and Rz is the resonant
impedance of the LF. transformer
measured across the primary terminals.

Conversion Gain =

Operation of the —SA7 with a
Separate Oscillator

The —SA7 may be used with a sepa-
rate oscillator. A typical circuit for such
operation is shown in Fig. 12E. With
separate excitation, there is no oscillat-
ing voltage on the cathode. The ampli-
tude of oscillation, therefore, can well
be made higher than the amplitude used
in self-excitation. As a result, somewhat
higher conversion transconductance can
be obtained with separate excitation than
with self-excitation. When separate ex-
citation is used, it may be desirable to
neutralize the effects of space-charge
coupling by connecting a small capaci-
tance between the No. 1 grid and No. 3
grid, as shown in Figure 12E.

Suggested Circuits

Alternative oscillator connections for
the circuit of Figure 12A are shown in
Figures 12B and 12C. In Figure 12B,
the tank current of the oscillator circuit
flows through the cathode coil and con-

tributes to grid-plate coupling; this con-
tribution is not present in the circuit of
Figure 12C. These circuits are recom-
mended when the series padding con-
denser is to be adjustable. Figure 12B
places this condenser at a small R.F.
potential, and is satisfactory in most
cases. Figure 12C permits grounding one
side of the condenser. Typical wave-
band switching connections for the
oscillator circuit are shown in Figure
12D. The optimum oscillator conditions
for these circuits are approximately the
same as those for Figure 12A.

Operation of the 6SA7 with
Reduced Screen Voltages -

In some applications, it may be desir-
able to operate the 6SA7 with a screen
voltage less than 100 volts. Screen volt-
age can be made considerably less than
100 volts without excessive loss of con-
version gain. For example, measure-
ments on a typiuval receiver show that
sensitivity is reduced only about 25 per
cent when the screen voltage of the
6SA7 is reduced from 100 volts to 70
volts. When the 6SA7 is operated with
self-excitation and reduced screen volt-
age, the adjustment of feed-back voltage
on the cathode should be made so as to
insure that oscillation will continue
when line voltage is low. :

Circuit Constant

Considerations
(All Type Converters)

Grid Blocking Condenser

The oscillator grid blocking con-
denser has three major functions. These
are: 1. it separates the A.C. and D.C.
circuits so that the D.C. path (from grid
to ground) may have a resistance of
25,000 to 50,000 ohms to develop grid
bias and the A.C. circuit may be a non-
conductor for D.C. which is desirable
when we wish to use a padder condenser
for alignment as is usually the case; 2. it
stores up electrons during that portion
of a cycle that the grid is driven positive
and releases them during the time the
grid is negative to maintain an almost
constant negative grid bias; and 3. it
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reduces the reflected capacity within the
tube to a smaller value in order that the
tuning range of the band may be in-
creased. This reduction in capacity is
simply a matter of placing a condenser
in series with the effective grid-cathode
capacity of the tube (two capacities 1n
series are of course equal to less than
the smaller of the two).

The usual value of .00025 mfd. or
250 mmf. for this capacitor has been
found too large for some all wave sets
where it is necessary to secure the great-
est tuning range on each band in order
to reduce the number of bands required.
Its value varies in different sets between
50 mmf. and 250 mmf. depending on
the design of the oscillator coil. Unfor-
tunately, when we reduce the value of
this condenser we also reduce the per-
centage of total oscillator voltage (ap-
pearing across the tank circuit) that is
applied to the control grid of the oscil-
lator. Here again we must compromise
between the tuning range and the devel-
oped oscillator voltage. When the oscil-
lator refuses to oscillate on the low
frequency end of the short wave band;
increasing the capacity of this con-
denser will often correct the trouble at
the cost of a slight sacrifice in tuning
range on that band. Care must be taken
to see that this added capacity does not
cause parasitic oscillation on the high
frequency end of the broadcast or long
wave band.

Grid Leak Resistor

The grid leak resistor is fairly well
fixed by oscillator grid bias require-
ments and should be of such value that:

1. The electrons stored in the con-
denser do not all leak off before the
oscillator grid is again driven positive.

2. It does not provide too low a shunt
resistance across the tank circuit so that
ample A.C. voltage cannot be developed.

3. It will not cause motor boating or
“super regeneration” due to the time
constant of the resistor and condenser
combination.

A value of 50,000 ohms is a very sat-
isfactory compromise between these
three considerations, and if trouble is
encountered in a receiver having a low-
er value than this it is well to change
this resistor to 50,000 ohms.
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In pentagrid converter circuits hav-
ing A.V.C. voltage applied to the te-
trode control grid the oscillator grid
leak resistor should be returned to the
cathode rather than ground. If it is con-
nected to the ground the oscillator grid
bias will vary with the A.V.C. voltage

because of the varying current through

. the cathode resistor.

Oscillator Anode Résistor

On all pentagrid converters except
the —SA7 types, a 20,000 ohm resistor
is recorzmaended in series with the anode
“B” voltage supply on A.C. receivers
having 250 volt B supplies to prevent
excess anode current should the oscilla-
tor stop oscillating or should the receiv-
er be operated for any length of time at
a frequency where the developed oscilla-
tor voltage is low. When the oscillator

voltage is low the oscillator grid bias is

low and the oscillator anode current is
higher than normal—this may have an
" injurious effect on the tube if continued
for any length of time. The 20,000 chm
resistor eliminates this trouble by drop-
. ping the anode voltage to a safe value
during periods of excess anode current.
Often the value of this resistance is in-

creased and a condenser added to pro-

vide a hum filter to permit the oscillator
anode voltage to be secured ahead of
the regular power supply choke. The
advantage of this is to make the oscil-
lator anode voltage less dependent on
the D.C. drop through the choke, which
of course, varies with the plate current
of the power tubes. This method of se-
curing a more constant anode voltage is
especially useful on the short wave
band. The effect of a varying oscillator
anode voltage on high frequencies is to
tune out the signal until the plate cur-

rent on the power tube drops, to nor- -

mal—which returns the anode voltage
to normal which then tunes in the sig-
nal. This sequence of events makes the
receiver “motorboat.” Any hum ap-
pearing on the oscillator anode will
modulate the oscillator, which in turn
will modulate the signal, causing “tun-
able hum” which can, of course, be
cured by proper filtering.
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Vgltage on Elements

As may be expected in such a compli-
cated tube structure, the use of other
than recommended voltages on the

T

Fic. 13C

Fic. 13D

various elements will result in iriproper .

electron distribution patterns within the
tube and will cause unsatisfactory cir-
cuit performance. For example, reduc-

ing the screen voltage will adversely
affect oscillator performance and will
make the plate current cut-off point
lower, which will result in a loss in sensi-
tivity and cause more “hiss” for a given

input signal. A heater voltage 0.5 volts
- or more below normal may, in critical
sets, cause the oscillator to stop oscillat-

ing on the low frequency end of the
short wave band. Too low a tetrode con-
trol grid bias may cause poor perform-
ance on strong local signals.

The total cathode current should not
exceed 14 ma. maximum and will usual-
ly average about 11 ma.

4

Typical Circuits

Figure 13A indicates the average
pentagrid converter circuit with A.V.C.
voltage applied to the tetrode section
control grid. Figure 10 is the same cir-
cuit with suppressor resistor and an
anode hum filter added. The capacity of
the electrolytic condenser will depend
upon the amount of filtering required
and is usually shunted with a paper
condenser, and on short wave sets also
with a mica condenser for more effec-
tive high frequency by-pass action.

To make wave band switching prob-
lems easier the shunt fed circuit of Fig-
ure 13B is often used. One end of the
tickler is grounded and the other end is
connected to the oscillator anode
through a blocking condenser.

A method of maintaining more con-
stant oscillator voltage over the band is
shown in Fi igure 13C. In this circuit,
the tickler coil is shunt fed and the low
potential end is connected to ground
through the padder condenser to in-
crease the coupling on the low fre-

quency end of the band.

In Figure 13D is shown a method
sometimes used to increase the oscilla-
tor voltage—a separate tube is used as
an oscillator and the oscillator grid is
used as an injector grid. This provides
a worthwhile gain i sensitivity, espe-
cially on the high frequency bands
where the oscillator, because of in-
creased grid circuit losses and insuffi-
cient coupling between oscillator grid
and plate coils, develops a much smaller
voltage. The usual oscillator anode is
not used and is connected to the cathode,
screen grid, or ground.
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SUMMARY

It is the purpose of this section to
summarize the characteristics of the va-
rious mixer tubes; and to compare their
relative merits and demerits. The 6SA7
and 12SA7 types are omitted from this
discussion except for the reference in
Figure 15, inasmuch as their application
and characteristics have been described
in previous paragraphs.

Each type converter and mixer has
inherent characteristics that differen-
tiate it from the others. Considering the
6A8 and 6A8G as being representative
of the first group of pentagrids, com-
prising the 2A7, 6A7, 1A6, 1C6, 1C7G
and 1D7G, we now have the types 6A8,
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6A8G, 6L7, 6]J8G, and 6K8. The 6A8
and 6A8G are considered separately
because of a difference in interelectrode
capacitance that gives them slightly dif-
ferent characteristics in some applica-
tions. The material to be discussed
compares characteristics of the several
types and shows inherent advantages
and limitations of each.

The chart Figure 14 was prepared to
show the constructions used in the sev-
eral types. The 6A8 and 6A8G, normally
known as five grid tubes, are shown as
they are made, with four grids and a
pair of side rods. The side rods are the
oscillator anode.

6J8G 6K8
R.F. R.F.

!INPUT INPUT !
— 6 0 o ° o o o
© o 06 0 o o o 0o o o
o 0 0 0 o o W o © o o
© 0 00 o ° oo oo
o000 0 o o o0 oo
o 0 0o o o -] o 0 o o
o0 00 o0 o o 0o o0 o
© 0 0 0o o o © 0 0 o
0000 o o o o0 o0 o
o000 o0 o 00 0 o
© 000 o ) o o0 o0 o
o o o o 0 © o
e oy T o o o0 o0 o
o o o0 o o
o o o0 0 o

|/ — o

0SC. 0SC SG P |osc. osc. K SG P

#1 ANODE ANODE *1

CARIC/ITBNCE COUPLING
(03¢, OV MIGrH SI/0E)

SHIELD TIED
JO SHELL.

9

| TR

l’ °\\

———

e_____...9

Q-

osc P
P SHIELD TIED
TO SHELL

SPACE CHARGE COUPLING
(08¢ oN HreH SIDE)

e ———————

b
\

T )

ko~
B

Eosc

~ LEAD
e —"I—-—" Eosc
A'sc

Frc. 14

The 6L7G construction, designed for
mixer service, uses five grids. The No. 1
grid is the R.F. input grid, the No. 2
and No. 4 grids are the screen, the No. 3
grid the injector grid, and the No. 5 grid
the suppressor.

The 6]J8G construction is identical to
that of the 6L7 except that it has an
additional triode section mounted at the
bottom of the common cathode. The
grid of the triode is tied internally to
the No. 3 grid of the heptode.

The 6K8 is of an entirely new con-
struction best shown by the bottom
sketch at the right of the page. A single
flat cathode is used with a common No.
1 grid for the oscillator and hexode
section. A flat plate is used for both the
oscillator and hexode. The screen and
R.F. input grids are positioned approxi-
mately as shown on the sketch. The
shields as shown are placed to give a
suppressor action to the hexode section
thus raising its plate resistance and mak-
ing possible the use of the screen and
plate at the same potential.

The ability of the tube to develop a
current at an intermediate frequency is
given by the conversion conductance,
which by definition is the ratio of an
incremental change in intermediate fre-
quency current to the incremental
change in R.F. signal voltage that pro-
duces the current. This conductance in
micromhos is published on all converters
and its use to calculate stage gain is
analogous to the use of mutual with
R.F. amplifier pentodes. The gain equa-
tion for a single tuned load is:

Gai G: R, Rs
=R, - R

The above equation involves unly one
other tube characteristic, and that is
plate resistance. Published values of
plate resistance and conversion conduct-
ance can therefore be used to calculate
stage gain.

In application there are certain phe-
nomena that alter characteristics or
circuit parameters and the results are a
gain value somewhat different than cal-
culated from published data. These un-
published characteristics are essential
in selecting a tube for a particular
service.

Assuming the use of rated voltages
and oscillator grid current there are in
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general the following effects that occur
in the several tubes:
1. Degeneration at the R.F. signal
frequency.

2. D.C. current flow in the R.F. sig-

nal grid circuit that upsets operating

conditions.

3. Oscillator voltage appears in cir-
cuits other than those associated with
the oscillator. This voltage may be in
phase or out of phase with the normal

~ oscillator voltage and the resulting
plate current at oscillator frequency
may be increased or decreased. As
conversion conductance and gain are
functions of the plate current, the
measured gain is different from that
calculated.

4. Negative or positive loading in
the signal grid circuit affects.the an-
tenna or interstage gain driving the
converter tube. Calculations are often
upset because of this phenomenon.
To facilitate comparison of the five

converter and mixer tubes, the chart
Figure 15 was prepared. It lists eight
separate phenomena found in the sev-
eral tubes. In addition, a tabulation of
the more important interelectrode ca-
pacitances and of the two characteristics,
plate resistance and conversion conduct-
ance, is given.

The first phenomenon, capacity cou-
pling from oscillator to signal grid, is
experienced with all tubes. The capaci-
tance, not shown, is approximately .1
mmfd. for each type. The result of the
coupling is mainly that oscillator volt-
age appears across the signal grid tuned
circuit. At extremely high frequencies
the impedance of the signal grid circuit
to the oscillator frequency is quite high,
and the magnitude of the voltage be-
comes high enough to over-ride the bias
and cause grid current. If the voltage
does not produce grid current, the effect
is either to increase or decrease the con-
version conductance and conversion
gain. If the voltage is sufficient to cause
grid current to flow, the D.C. current
upsets the operating conditions, with
attendant loss in sensitivity.

The oscillator voltage in the signal
grid return, as a result of capacity cou-
pling, is in phase with the normal oscil-
lator voltage if the oscillator is on the
high side of the resonant frequency of
the tuned circuit in the signal grid cir-
cuit. The phase can be traced easily and
is shown by A of Figure 14. The oscilla-

42

THE MYE

TECHNICAL

MANUAL

CONVERTER COMPARISON

CHARACTERISTICS 6A8 6A8G | 6SAT | 6J8G 6K8 6L7
CAPACITY COURGING OSCILLATOR| ves | ves | YEs | vYeEs | YES | YEs
A O R L NG OSC. | yes YES NO NO YES NO
CAPACITY COUPLING FROM ANODE | ves | ves NO NO NO —
D N A O ATE h pa AL NEGL.| YES | NEGL.| NEGL.| NEGL.| NEGL
R HOTINS EOSTESEANTCNAL | NEGL.| YES | NEGL.| NEGL.| NEGL| NEGL
ST UL A | o | o | o [ves | o | ves
DEGENERATION DUE TONEGATIVE| ves | yes | No no NO NO

Sp SIGNAL GRID TO A

INPUT ,':gé&ggcﬁ:‘; HIGH NEG, NEG. NEG. | POS. NEG. POS.
CAPACITY R.F GRID TO PLATE 03 03 013 0l 03 0005
CAPACITY R F. GRID TO ALL | 125 8.5 95 | a7 6.6 8.5
CAPACITY PLATE TO ALL 12.5 9.0 |.120 8.7 35 12.5
CAPACITY OSC GRID TO ALL 6.5 7.0 4.4 12.2 60 1.5
CAPACITY OSC. PLATE TO ALL 5.0 5.5 —_— 5.7 3.2 —_
PLATE RESISTANCE (MEGOHMS) .36 36 0.8 4.0 0.6 1.0+
CONVERSION CONDUCTANCE 500 500 450, | 280 350 350

NEG.= NEGATIVE

NEGL= NEGLIGIBLE

Fic. 15

tor voltage E,. is represented as the
vector E,, in the vector diagram.
The current i, through the capacitance
between electrodes is practically ninety
degrees out of phase with the oscillator

voltage because of the high reactance of

the interelectrode capacitance in com-
parison with the reactance of the tuning
condenser in the signal grid circuit. The
current flow leads in a capacitive re-
actance and the vector i, is drawn lead-
ing by ninety degrees. The phase of the
resulting voltage across the tuned cir-
cuit is shifted an additional ninety
degrees and since the oscillator is on the
high side, the reactance is capacitive,

the voltage lags by ninety degrees, and

the resulting voltage e is in phase with
the oscillator. The result is a higher
effective conversion conductance and
higher gain. With the oscillator grid on
the low side the tuned circuit in the sig-
nal grid return would be inductive and
the resulting voltage would be out of
phase. A lower conversion conductance
and gain results. The magnitude of the
effect is greatest at high frequencies
where the frequency separation between
the oscillator and signal grid circuit is
small. '

The interelectrode capacitance is off-
set in the case of the 6A8, 6A8G, and
6K8 by the space charge coupling. Space
charge coupling is coupling between the
oscillator and signal grid circuits be-

cause of the change in space charge
around the signal grid by the oscillator
voltage on the No. 1 grid. On negative
swings of the oscillator grid, in the
above types, the cathode current is cut
off. On positive swings a cloud of elec-
trons forms in the region of the signal
grid. This cloud of electrons, or space
charge, appearing at oscillator fre-
quency, causes a displacement current
to flow in the signal grid circuit and a
voltage results across the grid return
whose magnitude and phase depend
upon the constants of the tuned circuit.
The space cloud, being a' negative
charge, drives electrons out through the
signal grid circuit. The current flow is
therefore 180° out of phase with the cur-
rent flow due to the interelectrode ca-
pacitance and in types having space
charge coupling the capacitance be-
tween the two grids partially offsets the
space charge coupling. By adding addi-
tional capacitance the space charge can
be neutralized.

The voltage in the signal grid circuit
due to space charge coupling is out of
phase with the oscillator voltage when
the oscillator is on the high side and in
phase when it is on the low side. The
effect of this voltage in the signal grid
circuit is the same as the voltage result-
ing from capacity coupling.

The phase of the oscillator voltage in
the signal grid circuit as a result of
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space charge coupling is shown by the
diagram B of Figure 14. The oscillator
voltage is drawn as E,,; and the current
flow iz is drawn lagging by ninety
degrees. The "current is 180° out of
phase with the capacitive current i,
in “A.” With the oscillator on the high
side, the voltage e resulting from iy, lags
by ninety degrees because of the capaci-
tive reactance of the signal grid eir-
cuit. The resulting voltage e is out of
phase with the normal oscillator voltage
E,s. with the oscillator on the high side.
By shifting the oscillator to the low side
the voltage will be in phase.

The space charge coupling can be-

neutralized with a capacitance, and its
magnitude is conveniently expressed in
the value of the capacitance required
to obtain neutralization. Since the inter-
electrode capacitance is approximately
.1 mmfd. it can be seen that the space
charge is the major effect in the 6A8,
6A8G, and 6K8. Also, since the voltage
produces a loss in sensitivity when the
oscillator is on the conventional high
side it is imperative that neutralization
be made.

It is customary to neutralize the
space charge by adding a “gimmick”
between the stators of the signal grid
and oscillator tuning condensers. A
piece of wire with low loss insulation is
used. One end is soldered to the lug on
the stator of either condenser and the
other end is looped through the eyelet
in the other lug.

The capacitance can be adjusted to
give maximum sensitivity or to give
minimum oscillator voltage across the
signal grid tuned circuit. In most ap-
plications with no neutralization at fre-
quencies of fifteen megacycles the
voltage in the signal grid coil will cause
the flow of grid current. At extreme high
frequencies, such as fifty megacycles, it
is difficult to neutralize sufficiently to
eliminate grid current. With such a con-
dition it is recommended that the con-
verter not be controlled by the A.V.C.
A maximum grid return resistance of
100,000 ohms is recommended. The use
of the 6L7 or 6J8G having no space
charge coupling is no solution to the
problem because these tubes have a
D.C. current flowing in the signal grid
as a result of a peculiar transit time
effect. This phenomenon will be ex-
plained in detail later in this text. In
a typical commercial receiver designed

to tune to 70 megacycles data were taken
with a 6L7 as a mixer and the 6K8 as a
converter. It was found that with either
tube a current of several microamperes
was measured in the grid return. To
offset the effect, the tube was run with
no A.V.C. with a .1 megohm filtering
resistor for isolation. Satisfactory op-
eration was experienced with either
tube. The 6K8 was somewhat difficult
to neutralize perfectly but neutraliza-
tion sufficient to obtain comparable sen-
sitivity to the 6L.7 was not at all difficult.
In using “gimmicks” at high frequen-
cies the wire and its insulation must be
of the low loss variety. At 50 megacycles
the loss with a poor “gimmick” wire can

easily offset the advantage of neutraliza-

tion. A “gimmick” found to be satisfac-
tory was made out of enameled wire
using only the enamel for insulation.
The loss in sensitivity due to space
charge coupling does not amount to
more than two or three db unless the
voltage is of sufficient magnitude to
drive into grid current regions. Any
new design of a receiver should be
checked to determine the voltage in the
signal grid circuit through either ca-
pacitance or space charge coupling.
Preferably the voltage should be meas-
ured with a vacuum tube voltmeter but
not having that a microammeter can be
inserted in the grid return to determine
if the grid is being driven positive.
Oscillator voltage can be coupled

capacitively into the signal grid cir-

cuit in two additional ways. That is
through the anode to signal grid capaci-
tance and through the signal grid to
plate capacitance. In the former case,
the type 6A8 and 6A8G have an anode
to signal grid capacitance of approxi-
mately .1 mmfd. and oscillator voltage
is coupled back by virtue of the fact
that the anode load contains consider-
able oscillator voltage. Since the volt-
age in the anode winding is approxi-
mately 180° out of phase with the
voltage in the grid coil the voltage cou-
pled into the signal grid circuit is of
the same phase as space charge cou-
pled voltage. Neutralization of the
space charge in the conventional meth-
ods also neutralizes this voltage. The
effect is negligible in the 6J8G and 6K8
because of their lower interelectrode
capacitance. The anode to signal grid
capacitance with these tubes is approxi-
mately .01 mmfd.

Another effect of the high grid to
plate capacitance of the 6A8G that is of
more importance is degeneration to the
signal frequency. The capacitive plate
load of the LF. transformer fulfills the
requirement for degeneration. This
is evaluated most easily by measuring
the input conductance or by measuring
the change in coil Q of a tuned circuit
in the grid return as a result of loading
with the input conductance. The con-
ductance can be calculated from the
change in Q. Since the results of the
degeneration are loss in gain in the
driver and since gain is usually calcu-
lated in terms of the coil Q the actual
loss in Q is of more importance than the
input conductance.

The degeneration is greatest at fre-
quencies near the LF. frequency be-
cause the reactance in the plate load
increases rapidly as the L.F. frequency
is approached. With a 456 kc. inter-
mediate the greatest degeneration takes
place on the low frequency end of the
broadcast band. With the conventional
LF. coil at this frequency the LF. tun-
ing condenser is approximately 100
mmfd. At 550 ke. the effective capaci-
tance is of the order of 35 mmfd. Calcu-
lations show that with these values a
reflected resistance of approximately
100,000 ohms is obtained with the
6A8G. The equation used for calculat-
ing the loading effect due to degenera-
tion is as follows:

c

=S, Cop

Where R, = Resistance component of

input impedance.

Sy = Mutual conductance from
signal grid to plate.

C = Effective capacitance of the
load.

Cy-p = Grid to plate capacitance
of the tube.

The ‘mutual conductance for most
pentagrids with the oscillator section
oscillating is  approximately 700
micromhos.

The G-P capacitance of all types ex-
cept the 6A8G is low enough to be prac-
tically negligible. The 6A8G, shielded,
has a capacitance of approximately .3
mmfd. Unshielded the value will be
somewhat higher and will be influenced
by other factors such as position of grid
leads, etc. In general .6 mmid. can be
considered an average value.

R,
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The effective capacitance of the load
depends on the frequency under consid-
eration. At high frequencies it is ap-
proximately the capacitance required
to tune the LF. to the intermediate

frequency. At lower frequencies, ap-

proaching the LF. frequency, the effec-
tive capacitance is much lower. For
example at the low end of the broadcast
band with a 465 ke. intermediate fre-
quency it may be as low as one-third
the capacitance of the padder. The
value should be estimated or calculated
for the frequency under' consideration.

The equation for input resistance
shows the need of a large condenser for
the LF. primary. Coils designed with' a
high inductance primary to give a high
tuned impedance will produce more
degeneration because of the lower value
of padder capacitance required. This
practice is satisfactory with tubes hav-
ing a low grid to plate capacitance.

As was mentioned previously, the
6J8G and 6L7 at high frequencies have
a D.C. current flow in the signal grid
circuit that upsets operating conditions
and causes a loss in gain. Electrons that
are accelerated through the No. 2 screen
grid approach the No. 3 injector grid.
At high frequencies where the time of
transit between cathode and No. 3 grid
is an appreciable portion of the period
of oscillation, electrons accelerated by
the No. 3 grid on its positive swings

reach the grid at a time when it is going -

negative and are repelled and turned
back toward the screen. On the way
back they are accelerated by.the posi-
tive potential on the screen and by the
" increasing negative potential of the No.
3 grid. Many of these returning elec-

trons reach the screen and are drawn

off as additional screen current. Some
of the electrons, however, pass very
close to the screen and are accelerated
toward the No. 1 grid at high velocity.
Many of the electrons obtain sufficient
energy to overcome the negative poten-
tial of the No. 1 grid and flow in the
external No. 1 grid circuit. This flow
of current is a D.C. current flow in a
direction such that the drop in the ex-
ternal resistance increases the bias. If
the tube is operated from the A.V.C.
string as in the conventional case, the
total return to ground is of the order of
two megohms. A current of several
microamperes increases the bias suffi-
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ciently to cause an appreciable loss in
gain. The current can be eliminated for
frequencies up to approximately eight-
een megacycles by increasing the bias.
The 6L7, for example, is rated with —6
volts bias and 150 volts on the screen.
The additional screen voltage offsets
the lowering of the gain by the high
bias. The limit to the bias increase is
the maximum screen dissipation. 150
volts is the maximum allowable screen

voltage for the 6L7.
For frequencies above eighteen
megacycles where it is not possible to

_ increase the bias sufficient to overcome

the grid current the only alternative is
to eliminate the high grid return resist-
ance by using the converter without

AV.C

The current resulting from transit
time is a direct current and can be meas-
ured in the grid return with the tuned
circuit shorted. It is the effect of this
current through the high resistance
A.V.C. return that causes trouble in the
receiver.

The 6J8G and 6K8 are designed with
a higher oscillator mutual than the ear-
lier 6A8 and 6A8G. The high mutual
gives greater oscillator amplitude at
high frequencies where adverse oscil-
lator conditions are found. A compari-
son of oscillator characteristics in terms
of the mutual conductance of the oscil-
lator section at zero bias and 100 volts
on the plate is given by the following
tabulation.

Oscillator Transconductance

Type in Micromhos
6A8—6A8G 1,000
6J8G 1,700
6K38 3,000

The high mutual. conductance of the
oscillator section of the 6K8 gives sat-
isfactory oscillator performance at 100
volts. The 6K8 can therefore be operated
efficiently with 100 volts on the plate,
screen and oscillator anode. This is of
decided advantage in A.C.-D.C. re-
ceivers.

The chief disadvantages of the 6A8
and 6A8G have been instability of the
oscillator, and frequency shift with
terminal voltage variation. The con-
struction of the 6A8 is such that the

oscillator mutual is very much a func-
tion of the signal grid bias, and anode
and screen voltage. In operation at
high frequencies with power supplies
having poor regulation characteristics,
motorboating often results. The phe-
nomenon occurs as follows: As the sig-
nal is tuned in, the audio signal causes
an. increase in current drain which
changes the “B” voltage. The resulting
voltage shift detunes the oscillator, the
voltage returns to normal, the oscilla-
tor retunes to the signal and the cycle
repeats iself.

" Instability with the 6A8 and 6A8G
results mainly because of the changes
in oscillator mutual with signal grid
bias. Increasing the bias from -3
volis to cut-off practically doubles the
oscillator mutual. The increased mutual
increases the oscillator amplitude and
shifts the frequency. When operated on
the A.V.C. string the 6A8 and 6A8G
sometimes motorboat as a result of the
time constant in the grid return circuits.

Another effect is that with severe fad-
ing the A.V.C. voltage fluctuates with
the signal, detuning the oscillator, and
high distortion results because the sig-
nal is not properly tuned to resonance
at all times. The new tubes, the 6J8G
and 6K8, have been designed to mini-
mize this effect. The increase in oscil-
lator mutual on the 6A8 and 6A8G for
a bias increase from -3 volts to cut-off
is approximately one hundred percent.

For a similar increase in bias on the
6K8 the oscillator mutual increases ap-
proximately five percent. The oscilla-

. tor mutual of the 6J8G is independent

of signal grid bias.

Another factor influencing coupling
and instability is negative mutual con-
ductance from the signal grid to the

oscillator anode. The characteristics of
the 6A8 and 6A8G are such that an

increase in negative bias on the signal

grid causes an increase in anode cur-
rent. This constitutes a negative mutual
conductance, and under normal condi-
tions this mutual is of the order of 400
micromhos. This effect is practically
eliminated in the 6K8 construction.
Measurements show a value of approxi-

mately twenty-five micromhos. The 6J8G

with its separate triode has negligible
coupling resulting from this charac-
teristic.




SUPERHETERODYNE FIRST DETECTORS AND OSCILLATORS

Conclusion

The omission of the battery tube con-
verters and the converters of the Loktal
family in this article is not due to
any lack of importance of these tube
types. In any summary of this kind the
difficulty is not in finding adequate
material, but in deciding what material
must be sacrificed to meet the space
requirements of the publication.

It is the feeling of your editors that
the descriptions and characteristics of
the tubes presented herein will give the
service engineer a working knowledge
of the principles involved, and that
armed with this information, the appli-
cation principles of other converter
tube types will be apparent. Research
continues in the great laboratories of
the major tube companies, and further
developments of the art can be expected.

MISCELLANEOUS CIRCUITS

This section shows several detector
oscillator circuits of especial interest
either because they illustrate some spe-
cial application of the features dis-
cussed in the preceding text, because of
their unconventional design, or because
they represent a new trend in radio
construction.

Converter Circuit, Silver Marshall
Model R

This circuit illustrates several points
discussed in the text. The oscillator uses
the Meissner circuit with an added pick-
up coil for cathode injection of the
oscillator voltage.

On the broadcast band the oscillator
operates at a higher frequency than the
signal. On the police band the oscilla-
tor operates on the low side. Switching
between broadcast and police bands is
accomplished by means of the simple
single pole-double throw switch SW;.

The police band antenna tuning con-
denser Cl is not ganged, but is brought
to a separate knob on the front panel.
On the police band this receiver has two
tuning controls.

N

Lecault “Ultradyne”

A circuit which will bring back fond
memories to the old timers is the Le-
cault “Ultradyne.” Note that the plate
potential for the mixer is A.C. derived
by returning the low side of the primary

'LF. transformer winding to the grid of

¢ Section 2
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the oscillator. This could be considered
as one of the earliest examples of elec-
tron oscillator-mixer coupling.

Diode Converter

For those interested in the unusual,

the converter circuit of the 700 Mc -

ultra-ultra short wave receiver devel-
oped in collaboration between the Civil
Aeronautics Authority and the Massa-
chuseits Institute of Technology is
shown here. There are three very un-
usual features about this circuit.

1. The 1st detector is a diode.

2. The third harmonic of the oscil-

lator is used to provide the re-
quired beat frequency.

*

3. The oscillator operates on the low
frequency side. The oscillator op-
erates at 230 Mc. The third har-
monic of ‘this is 690 Mc, which

beating against the 700 Mc signal

gives the 10 Mc L.F.

New Philco Converter

Diagram (Simplified) showing the
triode first detector-oscillator circuit as
used in the 1941 Philco Models, 41-608
and 41-609.

Note the Condenser between the
cathode of the detector and the B} lead
of the first LF. transformer, which pre-
vents feed-back through the cathode
circuit; also the Hartley Oscillator with

* grounded grid, and tuned plate load
- circuit.

The XXL tube is a new type designed
by Philco engineers especially for this
circuit. Advantages claimed are im-
proved signal-to-noise ratio and re-
duced cross-modulation.

1ST DET
XXL

DATA COURTESY OF PHILCO
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HALF WAVE AND DOUBLER
POWER SUPPLY SYSTEMS

Introduction

. Transformerless sets of the A.C.-

D.C. and Voltage Doubler types. are
" of special interest to the service engi-
neer due to the frequency with which
they appear on the repair bench. This
fact is not so much an indictment of
their design as it is an indication of
their popularity. Due to both low
price and convenience of size this gen-
eral type of receiver outranks all other
types in number in use.

The underlying reasons for the fre-
quent failure of the power circuit
components of these types of receiv-
ers have been of considerable mystery
not only to the service man but also
to many receiver design engineers.
Rectifier tube and condenser failures
were the rule not many seasons past
and seemingly without “‘rime or rea-
son”’ replacement tubes and condens-
ers of reputable manufacture repeat-
edly failed shortly after their service
installation. It was not unusual to
find both a defective or ‘“dead” recti-
fier tube and a shorted or open filter
condenser in the same receiver. Tube
and condenser companies were indi-
vidually placing the blame on the
manufacturer of the other component,
since it was impossible to tell which
component had failed first. Fortu-
nately such a condition no longer ex-
ists. Co-operative study of the prob-
lem by tube-and condenser manufac-
turers has resulted in a satisfactory
explanation of the causes of compo-
nent failure and a number of precau-
tionary design principles are now be-
ing incorporated in current receivers.

Until quite recently the ‘“trans-
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~ formerless”

.

was confined to the smallest and least
expensive models. A number of inter-
esting advances in both the condenser
and tube art have recently influenced
design and more pretentious models
are being offered in larger table cabi-
nets and small consoles with voltage
doubler types of power supply cir-
cuits. In some quarters the introduc-
tion of these types of voltage doubler
receivers has been questioned as an
attempt to mislead the customer since
the receivers do not employ a power
transformer. However, it should be
evident that any effort to provide the
public with a given level of perform-
ance at a lower cost is in the public
interest if it is accomplished by the
application of sound engineering prin-
ciples and the employment of high
quality components.

The introduction of the dual recti-
fier in one envelope (type 25Z5) in
1933 caused a mild flurry of doubler
set development and a number of re-
ceivers have appeared from time to
time with a doubler circuit. The apa-
thetic attitude toward this type of
circuit was caused by the lack of suit-
able output tubes and high capaci-
tance filter condensers necessary to
realize its advantages.

The revival of interest in this type
of power supply circuit has been occa-
sioned by the following factors:

A. The availability of compact
high capacitance dry electrolytic
condensers.

Both the high power output type
of A.C.-D.C. sets and voltage doubler
receivers require higher capacitance
condensers than other types of filter

type of receiver design '

circuits. As will be shown later the

A.C. ripple current which the con- -

denser must pass is likewise higher
than for conventional transformer
type filter circuits. Formerly both
cost and size prohibited the use of
high capacitance units. The introduc-
tion of type FP* (Mallory Fabricated
Plate) condensers early in 1938,
brought to the radio industry a unit

which provided the high capacitance .

required in a compact and inexpensive

construction.
*Registered Trade Mark

B. The availability of vacuum
tubes designed for economical
series heater operation and high
efficiency at relatively low plate
voltages. '

Since the voltage doubler and high
output half wave rectifier provide
plate supply power without requiring
a power transformer, it is necessary to
operate the tube heaters in series con-
nection with the power line. When the
6.3 volt series of tubes requiring 300
milliamperes were the only tubes
available a high value of series re-
sistance in the form of a line cord
resistor or high “wattage” resistor
was required to drop the voltage to
the required value. This resulted in
the waste of a considerable amount of
power as heat. Several series of vac-
uum tubes with higher heater voltage
ratings at lower series current have
appeared which have stimulated the
design of series heater receivers. Not
only has the heater current been cut
in half but the power is now used in
the tubes to produce useful electron
emission rather than wasted in a drop—
ping resistor as heat.
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Half Wave Rectifier Operating Characteristics

The voltage doubler and other voltage
addition systems depend upon the
successive valve action of half wave
rectifiers. Since possible service fail-
ures of these systems are common in
both cause and effect to those encoun-
tered in the half wave rectifier, the
characteristics of the half wave sys-
tem will be described in detail.
While the subject of the theory of
half wave rectification has received
some analysis in standard radio text-
books, such discussions as are avail-
able either treat the subject in a gen-
eral descriptive manner or present
mathematical formulas whose appli-
cations to the practical case are in-
volved and tedious. In such cases the
assumption is made that the resist-
ance of the rectifier tube and supply
line are negligible compared with the
load resistance. This is not the case
under some conditions of use and it is
felt that a presentation of the subject
illustrated by characteristic curves of
measurements made on a typical cir-
cuit will be of value. The available
rectifier tubes for A.C.-D.C. set oper-
ation are sufficiently identical in op-
erating characteristics to allow a sin-
gle group of curves to be presented.
In Fig. 1A is shown a simplified
diagram of a half wave rectifier with
condenser input. When an alternating
voltage is applied to this circuit the
diode rectifier is conductive during
that portion of the cycle over which
its plate is positive with respect to the
cathode. Assuming the condenser to
have no initial charge, as at time of 0
of Fig. 1B, the current flowing in each
of the two branch circuits C and R
is the same as it would be if they were
entirely separate until the condenser
is charged to the peak voltage of the
supply as at time (a). During this
initial charging period the shape of
the current wave flowing in the resistor
is essentially sinusoidal and in phase
with the input alternating voltage as
shown in Fig. 1D from time 0 to (a).
During this same time interval charg-
ing current is flowing into the con-
denser as shown in Fig. 1C from time
0 to (a). The current through the recti-
fier is the sum of these two currents
and is shown in Fig. 1E. When the
peak has been reached the capacitor

will start to''discharge'through the
load resistor but the resistor also con-
tinues to pass current from the line
through the rectifier. As soon as the
voltage drop in the load resistor due
to the current discharge from the

capacitor exceeds the instantaneous
value of the input supply voltage, the
anode of the rectifier becomes nega-
tive with respect to its cathode and it
ceases to conduct. This occurs at time
(b) of Fig. 1E. The capacitor contin-
ues to discharge through the load re-
sistor with the current decaying ex-
ponentially as shown from time (b) to

FIGURE I VOLTAGE AND CURRENT WAVE SHAPES IN
HALF WAVE RECTIFIER WITH CONDENSER INPUT.
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(¢). During this time the voltage
drops as shown from (a) to (c) in
Fig. 1B. Since with the usual choice
of circuit constants the capacitor is
not completely discharged when the
supply voltage again becomes posi-
tive, the start of charging current is
delayed until the instantaneous sup-

ply voltage exceeds the capacitor ter- -

minal voltage. This occurs at point (c)
of Figure 1B.

It will be observed that the wave
shapes of both the current and voltage
waves are far from sinusoidal and that
the peak current through the rectifier
tube may be many times the average
or D.C. load current. The actual mag-
nitude of these ripple currents and
voltages are determined by the value
of the input filter condenser, the size
of the load resistor, and the supply
line frequency.

Fig. 2illustrates a series of measure-
ments made with typical operating
conditions. It will be noted that a line

voltage of 117 has been chosen as

standard since this value is represen-
tative of the average line voltage en-
countered in actual use. A series re-
sistor of 30 ohms has been connected
in the lead to each anode. The use of
these resistors as a protective measure
will be discussed later. Similarly the
capacitor values of 5, 10, 20 and 40
microfarads are consistent with the
current practice rather than the 4, 8,
16 and 32 series still retained in the
tube data books.

Since the various ripple voltages
and currents are seen from Fig. 2 to
vary through wide limits with load
current and with variation of input
capacitance it is of importance to con-
sider the limiting factors of perform-

ance and safety of operation of the
tube and the condenser.

A. R.M.S. Ripple
Current in the Initial
Filter Condenser

The RMS ripple current flowing
into the input filter condenser as meas-
ured by a thermocouple type of cur-
rent measuring instrument is shown
in the series of curves of Fig. 2B.
There are two effects of this ripple
current flowing in the condenser which
must be considered to determine
whether the operating conditions are
safe for any particular capacitor,
namely heating effect and tendency
to reduce the effective capacitance by
the formation of a film on the cathode
plate of the capacitor.

FIGURE 2 HALF WAVE RECTIFIER CHARACTERISTICS
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1. Heating Effect of Ripple Current

Electrolytic types of filter capaci-
tors exhibit a series resistance charac-
teristic at power line frequencies
which, although of negligible effect on
the filtering efficiency cannot be dis-
regarded from the standpoint of heat-
ing effect.. The RMS ripple current
flowing through the series resistance
of the capacitor causes a temperature
rise which augments the usually high
ambient temperature in sets of the
A.C.-D.C. type. Such sets are gener-
ally housed in small enclosed cabinets
having restricted ventilation capabili-
ties. The ability of the condenser to
radiate the heat depends upon its
construction and also upon its posi-
tion on the chassis with respect to
other hot components such as rectifier
and output tubes, location of ventilat-
ing louvres and presence of convec-
tion drafts.

It is generally conceded that a con-
denser in a metal can construction will
radiate its internal heat more effi-
ciently than a cardboard tube unit,
and it is also evident that the input
unit in a common cathode concentric
wound type of construction should be
on the outside of the roll and thus
closest to the container.

If the temperature of the condenser
is allowed to exceed approximately
90° Centigrade, the capacitor may be-
come permanently damaged by a
“run-away’’ characteristic in which
the internal temperature of the capac-
itor is augmented by increased direct
current leakage. This has been a fre-
quent - cause of capacitor failure in
cases in which a receiver has been
operated for long periods of time with
restricted ventilation. It is for this
reason that compact receivers should
never be placed in locations such as
in bookcases, etc., where free circula-
tion of air will not occur.

Until quite recently, the lack of
standardization of size and construc-
tion of capacitors for A.C.-D.C. and
voltage doubler service has made it
difficult to predict whether a given
capacitor would give satisfactory ser-
vice. Determination of this charac-
teristic could only be made by meas-
uring the ripple current heating by
means of a thermocouple imbedded in
a sample condenser, the condenser

being life tested under conditions of
similar ambient temperature. Fortu-
nately this situation has been reme-
died by the introduction of standard-
ized compact units as typified by the
(Mallory) FP construction. This unit,
with its fabricated plate design, her-
metic sealing, and metal can con-
struction has proved by extended life
tests its ability to withstand both
high ambient temperature operating
conditions and high superimposed cur-
rent ripple. For the condenser section
on the outside of the roll of the FP
condenser in applications discussed in
this book it is permissible to allow 10
milliamperes RMS current ripple per
microfarad in a 60-cycle half wave or
doubler application with a 60° Centi-
grade ambient temperature. For the
25-cycle ripple condition, it is permis-
sible to allow 8 milliamperes RMS
ripple current per microfarad of input
filter capacitance.

Condenser manufacturershave pub-
lished permissible ripple current rat-
ings for their particular units. It should
be noted that most of these ratings
are specified for the 120-cycle rating
of the full wave type of circuit. In
cases of high ripple (200 MA or more)
the manufacturer should be consulted
for recommendation of a particular
type of construction.

With the foregoing in mind it is in-
structive to examine Fig. 2B with
respect to the conditions of operation
of the capacitor. It will be noted that
the 5-mfd. curve exceeds the above
recommended current for all values of
D.C.load current beyond 25 MA. The
10-mfd. curve exceeds the limit for all
values of load current beyond 50 MA.
The curves for higher values, i.e., 20
and 40 mfd., exhibit no limitation with-
in the limits of the curves. From the
standpoint of ripple current alone it
would appear that a very high value
of input condenser should be specified.
It will also be noted that a high value
of input capacitor results in better
regulation curves as shown in Fig. 2A.
The upper practical limit of capacitor
size is dictated usually by a balance
of economic factors and performance

- requirements. Another factor enters

the picture in the effect of the size of
the input capacitor on the operating
conditions of the rectifier tube. This
will be discussed later under the sub-

jects of peak rectifier current and
rectifier-condenser failures.

2. Effect of Ripple Current on
Cathode Film Formation

The electrolytic condensers em-
ployed are of the polarized type in
which only the anode or positive plate
has been formed or provided with the
insulating film. The superimposed A.C.
ripple tends to form a film on the
cathode similar to the anode film dur-
ing the portions of the cycle when
current flows from the capacitor. This
cathode film interposes a capacitance
in series with the anode film capaci-
tance and thus tends to reduce the
effective total capacitance of the unit
with continued application of high
ripple current. In the older type of
large smooth or plain plate condensers
the capacitance of this cathode film
was so high, due to the large areas of
plate required per unit of capaci-
tance, that the total effective capaci-
tance was reduced very little as the
result of cathode formation on high
ripple. As the size of the capacitor is
reduced by the employment of either
etched or fabricated anode construc-
tion (a fabricated plate anode has ap-
proximately 1/10th the area of plain
plate for the same capacity) the effect
of cathode film formation on effective
capacitance becomes very apparent
especially if the cathode plate is a
piece of plain foil. For this reason FP
condensers specified for A.C.-D.C. or
voltage doubler service are made with
cathode plates of etched foil to obtain

an effectively large cathode area and

thus a higher cathode film capacitance
for a given ripple current. This con-
struction has proved a satisfactory
answer to the problem.

B. Peak Ripple Current
Through the Rectifier

Fig. 2C shows the variation of the
peak current through each rectifier
with size of input filter condenser and
D.C. load current. In the circuit
shown the total peak rectifier current
for the tube which consists of two
diodes in one envelope would be twice
the values shown on the curves. A
fact not usually considered is that the
peak value of current through the
tube can be many times the average
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D.C. current flowing through the

filter. The reason for this is evident

. from Fig. 1E in which it is seen that
plate current flows through the recti-
fier for only a portion of the cycle and
during this short time pulse enough
energy must flow to restore the loss
of charge of the filter condenser due
to the load current. For each type of
rectifier tube there is a maximum
plate current rating. For the type

- 2575 or 25Z6 this rating is 500 milli-
amperes. If this rating is exceeded in
normal continuous operation short
rectifier life may result. This condi-
tion places a practical limit on the
size of input condenser which may be
safely used unless a series resistor is
employed in the plate circuit of the
rectifier tube to limit the peak plate
current to maximum recommended
value. The use of such a series re-
sistor, while occasioning the loss of a
few volts of plate potential, provides
a protection to both tube and con-
denser which, it is predicted, will as-
sure long life to A.C.-D.C. and volt-
age doubler sets. The incorporation of
a 30 to 50 ohm resistor in-older re-
ceivers will prevent premature failure
of rectifier tubes or filter condensers
and is to be recommended.

C. Peak Ripple
Yoltage Across Input
Filter Condenser

The ripple or hum voltage across
the filter condenser is of a wave shape
similar to that shown in Fig. 1B. The
magnitude of this voltage in a prac-
tical case is shown in the curves of
Fig. 2D. It will be seen that the peak
ripple voltage' shows more variation
with increasing capacitance than does
the other characteristics shown in
Fig. 2. Since the voltage wave form
is dependent to a great extent upon
the values of input capacitance and
load current or resistance, it would at
first appear that there would be no
method of correlating the peak volt-
age with any of the other character-
istics. In order to determine whether
the condenser had a safe margin with
respect to voltage. a vacuum tube
voltmeter reading of the peak voltage
would seem to be necessary. Fortu-
nately it is possible for the practical
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case to arrive at a figure for peak volt-
age from a knowledge of the D.C.
load current and the RMS ripple cur-
rent flowing in the first condenser.
Fig. 3A shows that for the case of high
capacitance input the peak voltage is
within 10 percent of the value which
would be estimated on the assump-
tion that both the ripple current and
ripple.voltage are of sine wave form.
The practical significance of this fact
is of value when considered in the
light of the curves shown in Fig. 3B.
From these curves it is evident that
if the D.C. load current is multiplied
by the figure 2.4, an approximation
of the RMS A.C. ripple current will
be obtained. This figure will give a

conservative margin of safety since -

practical applications involve load
currents of more than thirty milli-
amperes D.C. Thus it is possible to

arrive at an estimate of all of the

working conditions in a half wave

rectifier circuit from a knowledge of

the D.C. output voltage and current,
or more simply the D.C. current alone.

Since the electrolytic condensers
used for this service are normally of
the 150-volt rating which are formed
at 200 volts D.C., peak voltages will
not be dangerous unless they closely
approach this latter figure. In normal
applications on 60-cycle supply with
half wave rectifier systems, it is unu-
sual for the D.C. voltage plus the peak

FIGURE 3 RATIOS OF CONDENSER VOLTAGE AND
CURRENTS TO D.C.LOAD HALF WAVE

o
n, 3
5
Ol ~
>0
§;’S
w,
&\
[a) ™
Wl
2| . — 5MFD
<™ : IOMFD
g 40 MFD
1l
o
£ , A
x O 60 70 80 90 100

0 20 30 40 50

[

(V)

D C LOAD CURRENT IN MILLIAMPERES

/I

——
-\>-
N

S oA —F —F—1

~

40MFD

_
\
\

)

——
~~—~——]
~—]

IOMFD

RMS RIPPLE CURRENT IN C.
D.C.LOAD ’(\ZJURRENT

RATIO

I0 20 30 40 50

60 70 80 90 100

D. C. LOAD CURRENT IN MILLIAMPERES

[ ——— ,
———] | |20MFD

.5MFD



HALF WAVE AND DOUBLER POWER SUPPLY SYSTEMS

« Section 3

ripple voltage to approach the forma-
tion voltage of the anode film. This
may be seen from Figs. 2A and 2D
which when added give the peak volt-
age to which the input capacitor is
subjected. In 25-cycle operation, on
the other hand, there may exist con-
ditions in which the peak ripple plus
the D.C. voltage may equal or exceed

the formation voltage of the anode
film of the 150-volt unit. Such appli-
cations require the employment of a
higher voltage rating. This arises from
the fact that the reactance of the con-
denser is higher at the lower fre-
quency. The peak conditions occur-
ting in voltage doubler circuits will
be considered later.

‘Voltage Doubler Power Supply Systems

A number of receivers have appeared
recently in which the power systems

employ several half wave rectifiers '

connected in such a manner as to add
their rectified output to produce a
D.C. voltage greater than the peak
line voltage. This general type of
power system has been given the name
of voltage doubler although it pro-
duces twice line peak voltages only for
the conditions of very high capacitor
values and negligibly small load cur-
rents. A more appropriate name might
be voltage addition power systems.

In analyzing these circuits it is evi-

The Symmetrical

This type of circuit shown in Figs. 4A
and 4B will be recognized as the most
common and is the one usually illus-
trated in tube data books. Fig. 4A is
drawn in schematic form as it would
occur in ‘a receiver circuit diagram.
Peak current limiting resistors R; and
R have previously been discussed in
connection with the half wave recti-
fier. Filaments T, through T, repre-
sent, the heaters of the other tubes of
the receiver. Resistor R; is the line
dropping resistor previously men-
tioned. To follow the voltage doubling
action this schematic diagram has
been simplified in Fig. 4B with only
the portion of the circuit essential to
its action retained.

The circuit action may be explained
as follows: When the line voltage po-
larity is such that point 1 is at a posi-
tive potential with respect to point 2
a current will flow in the direction of
the solid arrows through rectifier tube
Ti, thus charging condenser Ca so

'

dent that there are two general types
in use of which a number of variations
have appeared. The general classes
might be given the names: (A) Sym-
metrical or Balanced Type and (B)
Series or Common Line Type.

Recently these types have also been
referred to as the full wave and half
wave doublers respectively. These des-
ignations probably arise from the fact
that the, former exhibits a ripple fre-
quency of twice the line frequency
across the entire filter input while the
latter impresses an input ripple of line
frequency.

Examples of recent models employing
voltage doubler power supply systems
follow:

Type (B) Zenith: Model 6R485, Chassis
No. 5672-P, Tube Complement 50Z7G-
Rectifier, 12A8G, 35L6G, 12K7G, 12Q7G.

Model 6R481, Chassis No. 5675. Iden-
tical to Model 6R485, without automatic
tuning feature.

Type (A) Galvin (Motorola): Model 61F,
Tube Complement—25Z5, 25B6G, 25B6G,
6D6, 6A7, 6Q7GT.

Type (A) Farnsworth Television and
Radio Corporation

Models: ATL-50, ATL-51, ATL-52,
ACL-55, ACL-56, AKL-58, AKL-59.

Chassis: C2-1, C2-2, C2-1, C2-3, C2-3,
C2-4, C2-4 respectively.

All of these models and chassis numbers
embody the following Tube Complement:
25Z6GT, 25L6GT, 6SK7, 6SK7, 6A8GT,
635Q7, 6H6.

Type (A) Crosley Radio Corporation:
Model 719. Tube Complement: 6AS8,
6SK7, 6P5, 6SF5, 2516, 25Z6, 25Z6. Late
in the season, Crosley added two models,
No. 739 and No. 7739, which use the same
Tube Complement as Model 719, but em-
ploying the series or half-wave doubler
(Type B).

Type (B) General Electric: Models HJ905
and HJ908. Tube Complement: one each
12SA7, 128K7, two each 12J5GT, one
each 12SF5, or 12SF5GT, 25C6G, 6AB5S
or 65, two each 25Z6G, or 25Z6GT.

General Electric Models H736 and
H708. Tube Complement: 6SA7GT,
6SK7GT, 6Q7GT, 6J5GT, 25C6G, two
No. 25Z6GT.

or Full Wave Type of Voltage Doubler

that point A is positive with respect
to point O. During this half period no
current will flow through the rectifier
tube T since its plate is then negative
with respect to its cathode. During
the next half cycle, current will flow
only through T, since point 2 is then
positive with respect to point 1 and
charging current will flow as shown
by the dotted arrows charging con-
denser CB negatively with respect to
point O. The potential difference be-
tween points A and B (if the condens-
ers did not discharge) would be twice
the line peak voltage. Actually one
condenser is discharging through the
load while the other is being charged,
in much the same manner as the input
condenser discharged in Fig. 1B dur-
ing the alternate half cycles. Thus if
the dotted sine curve of Fig. 5 repre-
sents the line potential of points 1 and
2, the curves A and B will represent
the potentials of A and B respectively
with regard to O. The potential differ-

ence between A and B is therefore
obtained by adding the curves as
shown by curve E (Fig. 5) which rep-
resents the voltage input to the filter.
It will be seen that although the con-
densers are charged for only a portion
of the half cycle and thus the ripple
frequency occurring across the indi-
vidual condensers is of line frequency,
the voltage fluctuations occurring
across the entire circuit leading to the
filter is double the line frequency. In
this regard the symmetrical type of
doubler is similar to a full wave recti-
fier in that the hum frequency is twice
the line frequency. If capacitors Ca
and CB are not approximately equal in
capacitance the ripple voltage across
one of them will overbalance that
across the other and a hum compo-
nent of line frequency will be evident.

It has usually been assumed that
the two condensers of a doubler cir-
cuit of this type will be identical in
capacitance value and such is usually
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A. SCHEMATIC DIAGRAM
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the case. At least one circuit has ap-
peared, however, in which condenser
Cs was made twice the capacitance

of Ca.

Typical Operating
Characteristics of the
Symmetrical Doubler

~

In Fig. 6 are shown a series of meas-
urements of a typical voltage doubler
circuit of this type. The data was ob-
tained with an average tube and type
FP condensers of 150-volt D.C. work-
ing rating as Ca and Cs. It will be
noted that the curves are in general
quite similar to the half wave rectifier
characteristics shown in Fig. 2 except
for the higher output voltages ob-
tained. It is of interest to observe that
the ripple currents in the individual
condensers bear a slightly lower ratio
to the D.C. load current than in the

G

half wave case and that the ‘“‘rule of
thumb”’ ratio of 2.4 is generously safe.

. The peak voltage values of Fig. 6D
should be added to half the D.C. volt-
age values of Fig. 6A to obtain the
maximum voltage to which the indi-
vidual condenser are subjected for
any given load condition. It is evident
that for the conditions shown the
150-volt type of unit which will ac-
commodate a value approaching 200-
volt peak is safe even for the case of
the 5-mfd. units. However, the use of
5-mfd. units would not be safe from
the standpoint of ripple current.

The type 25Z5 tube is rated for a
maximum D.C. load current of 75
MA for doubler service and although
the curves of Fig. 6 have been ex-
tended to 100 MA it has become the
practice to employ two rectifier tubes
with their elements in parallel if the
load current requirements exceed 75

MA.

The peak diode current can become
quite high for high values of input
capacitance as shown in Fig. 6C. Con-
ditions of operation should be so
chosen as to keep this value below
450 MA peak per plate for the type
2575 or 25Z6 tube. The use of the
protective series resistors assists in
keeping this current within safé limits.

Operating Conditions of
Capacitors in Symmetrical
Doubler Circuits

Assuming the capacitors of Fig. 4
to be of equal size it is evident that

the conditions under which the indi-

vidual units operate are similar to the
half wave rectifier application as ex-
plained under operating character-
istics. Since the voltage across the in-
dividual condensers are added in se-
ries, the voltage rating of these con-

INSTANTANEOUS SUM OF VOLTAGES

/ A & B OF FIGURE B
E

FIGURE 5 ADDITION OF POTENTIALS IN SYMMETRICAL DOUBLER
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densers need be no higher than for the
half wave rectifier applications, 150-
volt working condensers are usually
specified for this type of circuit. Such
condensers are safely rated for all ex-
cept unusual conditions of extremely
high ripple peaks as might occur with
low capacitance values and 25-cycle
supply lines.

It will be noted that condenser Cs
has its cathode connected to the chas-
sis and thus if it is of metal can con-
struction the unit may be directly
mounted on the receiver chassis. Con-
denser Ca, on the other hand, must
have its can insulated from the chassis
and be suitably covered to prevent
accidental contact of any grounded
parts with the can of the condenser.
One side of the power line is con-
nected to the junction of these two
condensers designated as point O in
Fig, 4B. Since either side of the power
line circuit may be grounded depend-
ing on the direction in which the at-
tachment plug is inserted in the power
outlet, it is evident that care must be
taken in the design of transformerless
sets such as the A.C.-D.C. and dou-
bler types from the standpoint of
shock and fire hazard.

The output condenser of the filter
(Cs of Fig. 4), must of course be rated
at a value determined by the full out-
put of the doubler less the filter drop
and is usually a 250-volt rated unit.

Considerations of Circuit
Returns and Power Line
Grounding in the
Symmetrical Doubler

Of importance from the perform-
ance standpoint is the effect of circuit
returns and power line grounding con-
ditions on hum pick-up in the audio
circuits and hum modulation of the
oscillator. Either the metal chassis or
a negative bus wire is made the return
point for the RF, IF and audio grid
circuits as well as their respective
cathode or cathode bias circuits. The
heaters of all these tubes are con-
nected in series with a suitable voltage
dropping resistor across the power
line. In half wave circuits such as are
shown in Figs. 1 and 2 the power line
can readily be connected directly to
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the return side of the grid circuits
(negative side of filter output), if suit-
able protective measures are taken to
reduce shock and fire hazard. In these

circuits the succession of heaters start-

ing from the chassis is usually as fol-
lows: Second detector at ground on
chassis, then first detector, if of the
converter type, or oscillator if of the
separate tube type, then in succession
the other heaters in order of the audio
and radio gain until the output tube
and the rectifier are found at the other
end of the series string. By this
method the D.C. and A.C. differences
of potential between the heaters and
their respective cathodes are kept low
for the tubes most likely to introduce
either audio or carrier modulation
hum.

In the symmetrical doubler circuit
of Fig. 4A it will be seen that there
exists a D.C. voltage difference of half
the B supply voltage between the
chassis and the first heater of the
series string T; and that upon this
D.C. potential difference is superim-
posed the ripple voltage of Cs. For-
tunately modern tubes have very low
cathode to heater leakage as well as
improved heater constructions which
keeps this source of hum at a mini-
mum. As mentioned above certain
recent receiver models employing this
type of doubler circuit have departed
from the usual symmetry of capaci-
tance and have made CB twice the
capacitance of Ca. This reduces the
RF impedance between chassis and
power line, as well as reducing the
ripple voltage between heater and
cathode of the first tube in the series
string.

Common Line
or Series Line Feed Type
of Doubler Circuit

Another general type of voltage

- doubler- circuit has been variously

called the common line, series line feed
type, or half wave doubler, is shown
in Figs. 7A and 7B. This circuit oper-
ates in a somewhat different manner
from the one just described and might
be designated as a voltage addition or
multiplier circuit rather than a dou-
bler circuit. It was proposed prior to
1933 and has found occasional appli-
cation since that time. It will be noted
that this circuit allows one side of the
power line to be connected directly to
the negative side of the filter output
and thus overcomes the difficulty of
a high voltage difference between
heater and cathode of the high gain
tubes at the chassis end of the heater
series string. The circuit is shown in
schematic form in Fig. 7A and in sim-
plified form as Fig. 7B. Only the por-
tions of the circuit essential to an ex-
planation of its action have been re-
tained in Fig. 7B. -

The operation of the circuit may be
explained as follows: Assuming point
1 to be positive with respect to point
2 during the initial half cycle, charg-
ing current will flow in the direction
shown by the solid arrows through
rectifier tube T;, until capacitor Ca
assumes a charge equal to the in-
stantaneous potential of the line. Dur-
ing the next half cycle as point 2 be-
comes positive with respect to point 1
the charge of condenser Ca will add
its potential to that of the line and

current will flow through rectifier

. tube T}, charging capacitor Cs to a

potential equal to the sum of the

charge in Ca plus the line peak. The

path of this action is shown by the
dotted arrows. This action would re-
sult in a charge of condenser CB of
twice the peak line potential if it were
not for the fact that this condenser
begins discharging through the load
the instant that current starts flowing
through rectifier tube T,. A cursory
analysis of this circuit would indicate
that since current seems to flow in
both directions through capacitor Ca,
as shown by the solid and dotted ar-
rows, a non-polarized type of electro-
Iytic' condenser would be required.
This is not the case and it is possible
to use a standard polarized type in
this position. After the steady oper-
ating condition is reached the net
charge, which capacitor CA receives
during the half cycle when T} is con-
ductive, balances its discharge on the
succeeding half cycle, since Ca acts as
-a reservoir to supply the loss of charge
of CB by current through the load. It
will be seen that the polarity of Ca
never reverses and thus a polarized or
common type of electrolytic condenser
may be used.

Fig. 8 shows the general nature of
the voltage and current wave shapes
in this type of doubler circuit. These
are seen to be quite dissimilar t6 those
encountered in the half wave rectifier
and symmetrical or full wave doubler
circuits and a word or two of explana-
tion may be in order. The shape of the
pulses for the first two cycles are
somewhat conjectural since it is diffi-
cult to observe them on the cathode
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FIGURE 8 VOLTAGE AND CURRENT WAVE SHAPES IN
COMMON LINE TYPE VOLTAGE DOUBLER
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ray oscillograph without elaborate
transient sweep devices. After the
steady slate operating conditions have
been reached, the charging current
pulses into condenser Ca (through T)
are of very short duration since it is
only necessary to restore the loss of
voltage occasioned by the transfer of
its charge to CB during the portions
of the succeeding half cycles when T,
is conductive. The discharge pulses
from Ca are of longer duration since
current not only flows into condenser
Ca but also into the load resistor dur-
ing this time period. A condition of
equilibrium is reached when the area
of the charge pulse is equal to the area
of the discharge pulse and then, due
to the difference in time duration of
the pulses, the current wave may be
quite assymetrical as shown in Fig. 8F.

Typical Operating
Characteristics of the Series
Line or Half Wave Doubler

Unlike the circuits previously dis-
cussed, this doubler has quite dissimi-
lar functions for the two capacitors
Ca and Cs. CA acts as a reservoir of
energy and adds its charge to the line
during the succéeding cycle. It con-
tributes little to the filtering action
and therefore we need only concern
ourselves with its effect on output and
regulation. CB is similar in its func-
tion to the input filter condenser of
the half wave A.C.-D.C. circuit of
Figs. 1 and 2 except for the higher
working voltages encountered. Unlike
the symmetrical doubler, the voltage
ratings of Ca and Cs need be similar
since Ca is never subjected to an in-
stantaneous voltage greater than line
peak plus the ripple voltage shown in
Fig. 9C. The average or D.C. voltage
on Ca approaches line peak only for
the conditions of low D.C. load cur-
rents and high values of capacitance
in both units. For these reasons it is
evident that CA may, for typical op-
erating conditions at 60 cycles, be
specified as a 150-volt rating, espe-
cially if its capacitance is high, i.e.,
30 or 40 mfd. Capacitor CB, on the
other hand, is operating with the full
D.C. output voltage of Fig. 9A plus
the peak ripple shown in Fig. 9E. It
must therefore carry a working volt-
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age rating of 250 or 300 volts, depend-
ing on load current and voltage.

In the series of curves shown in
Figs. 9A, B, C, D, E, and F, the'value
of capacitor Cs has been fixed at 40
mfd. as being a representative value
from the standpoints of regulation
and ripple voltage (hum). As pre-
viously stated, it will be observed that
the value of the line series condenser
CaA has only a minor effect on the
ripple voltage and RMS current con-
ditions of Cs. The ripple current in
CB again does not exceed the “rule of
thumb” value of 2.4 times the D.C.
load value discussed for the half wave
rectifier case and consequently this
estimate of working conditions pro-
vides a generous safety factor.

The conditions of operation of the
line series condenser as shown in Figs.
9B, C and D distinguishes this general
type of circuit from those previously
discussed. It will be noted that the
RMS ripple current through this unit
as shown in Fig. 9B is much higher
in proportion to the D.C. load current
than for either of the other types of
circuits. The ripple current for low
values of load current is seen to ap-
proach a value of 3.2 times the D.C.
current. This value has been chosen
as a convenient figure which again
provides a generous safety factor when
considering load currents of practical
usefulness such as 50 MA or more. It
will be noted that low values of capac-
tance should not be specified for con-
denser CA wherein the current exceeds
the value of 10 milliamperes per mi-
crofarad previously cited as safe for
the type FP capacitor. Other consid-
erations, such as regulation and out-
put voltage, which would influence
the choice of this capacitance value,
would also result in a capacitor value
which would lie in a safe operating
region as far as ripple voltage and
current are concerned. An upper limit
of capacitance is determined only by

the effect of capacitance on peak rip-

ple current through .the rectifier as
shown in Fig. 9D. In this instance the
D.C. current limit of 75 MA is reached
before the peak ripple limit of 450
milliamperes. As previously stated it
has' become standard practice to em-
ploy two rectifier tubes in parallel for
the higher D.C. load current condi-
tions.
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Series Line Feed or Half Wave Doubler
with Common Cathode Type Condenser

An interesting variation of the type
of doubler just discussed is the circuit

of Figs. 10A and B. This arrangement
~ of circuit components makes it pos-
sible to combine all of the filter capac-
itors in one common cathode type
unit. The resulting saving of both
space and economy of construction
are obvious. In this case the metal can
of a condenser of the FP type can be
mounted directly on the chassis and
it is not necessary to provide insula-
tion of the condenser can as in the
case of the high side condenser of the
doublers previously discussed. Since
both Ca and Cs carry ripple currents
of the magnitudes shown in Figs. 9B
and 9F, the ability of the particular
type of condenser construction to ade-
quately radiate the heat occasioned
by the flow of this ripple current
through the series resistance of the
condensers, should be considered in
the choice of a suitable unit. When
these units both having ratings of 40
mfd. and the D.C. load current does
not exceed 75 MA, it is possible to
combine them with the output filter
unit in a single condenser of the type
FP construction.

It will be noted that this circuit
interposes between the heater and
cathode of the first tube in the series
string the terminal voltage of con-
denser CA. Since there is superimposed

upon the average voltage a peak rip-
ple as shown in Fig. 9C it is obvious
that the value of Ca should be made
as high as is practicable not only to
keep this ripple at a minimum but
also to provide a low impedance path
between the chassis and the power
line for both radio and audio fre-
quency currents.

Voltage Multiplier Circuit

An interesting extension of the prin-
ciples involved in the half wave type
doubler circuits of Figs. 7 and 10 is
shown in Fig. 11. In this case the
principle does not stop with a dou-
bling of the voltage but is extended to
cover any desired multiple of the line
voltage. Condenser C; operates in the
same manner as condenser CA of
Figs. 7, 8, and 9, and delivers its
charge plus the line peak voltage of
the succeeding cycle to condenser C..
This condenser adds its contribution
of double voltage to the line voltage
on the next half cycle when diodes D,
and D; are conductive. This action
continues in chain fashion through
condensers and diodes 3, 4, 5, and 6
in turn. It might at first appear as
though the chain of rectifiers when
conductive would short circuit the
charging action. This is not true be-

cause, once the series of condensers
are charged, current from the indi-
vidual rectifiers flows for only that
portion of the cycle necessary to re-
store the loss of charge from the con-
densers due to current through the
load. Thus, after the steady state
conditions are reached, condenser C,
is charged almost to line peak, con-
denser C; almost to twice line peak,
etc. It is obvious that condensers C;,
Cs, Cs, and Cn, may be combined in
one common cathode unit with proper
attention given to the required volt-
age ratings of the individual sections.
Similarly condensers C,, C,, and Ce
may be combined in another or second
common cathode type single unit.

This circuit has been included here
more for its interest as an extension of
the principles discussed than as a sug-
gested practical power supply system.
Those familiar with the technique of
the art of constructing surge gener-
ators for lightning research will recog-
nize similarity of this circuit with the
individual charge and series discharge
methods employed to produce very
high voltages. A practical limitation
of a chain circuit of this type is the
fact that if the tubes have their heat-
ers connected in a series string across
the power line there will exist danger-
ously high potential differences be-
tween heaters and cathodes of the
rectifier at the high voltage end of the
system. This difficulty of course might
be obviated by the use of heater sup-
ply transformers but this would de-
stroy the simplicity of this system.

FIGURE 10 SERIES LINE FEED DOUBLER WITH COMMON CATHODE CONDENSER

A SCHEMATIC DIAGRAM

B8 SIMPLIFIED DIAGRAM OF DOUBLER CIRCUIT
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FIGURE 11

VOLTAGE MULTIPLIER CIRCUIT
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Voltage Addition and
Other Series Connected
Heater Power Systems

While the intention of this chapter
was simply a study of transform-
erless power circuits, it may be of

interest to indicate a recent trend in .

the use of the principles discussed, in
combination with greatly simplified
transformer constructions.

The introduction of high voltage
heater type rectifier and output tubes
as well as the availability of a com-
plete line of tubes with 150 MA heat-
ers makes it possible to pick receiver
complements which do not require an
excessive amount of series dropping
resistance to operate directly across
the power line. Since the insulation
and consequently the voltage break-
down between heaters and cathodes
has been successfully increased espe-
cially in rectifier and power tubes to
a value which will withstand B poten-
tials of several hundred volts, it is now
possible to construct an economical
power system in which the heater
power has been removed from the sec-
ondary of the transformer and placed
on the line side. In addition to this it
is only necessary to provide for a por-
tion of the B power from the trans-
former since by the voltage addition
principle the power line may be used
with one rectifier tube to supply a por-
tion of the B voltage. A system of this
type is shown in Fig. 12. Fig. 12A
shows a schematic diagram with all
the usual components and connec-
tions. Fig. 12B shows this same sys-

A SCHEMATIC DIAGRAM

FIGURE 12 VOLTAGE ADDITION CIRCUIT

T

B SIMPLIFIED B” SYSTEM

i+

CHASSIS—»
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tem simplified to include only the
“portion concerned in the derivation of
the B voltage.

The operation is as follows: For the
half cycle for which input terminal 1
is positive with respect to terminal 2,
there appears a voltage of line peak
between points O and A in series with
a voltage between points B and C,
determined by the turns ratio of trans-
former T;. Since at this instant both
rectifiers TA and TB are conductive,

'filter condenser C, receives a charge
determined by the sum of the peak
voltages. Assuming these voltages to
be equal it is obvious that the power
requirements of the transformer need

be only half the B supply power. In
this manner a receiver of fairly high
power output can be built with a
transformer no larger than the usual
audio frequency interstage or output
transformer. Naturally such a system
must comply with the requirements
of A.C.-D.C. receivers as regards both
shock, and fire hazards.

In Canada there have recently ap-
peared a number of receivers which
have been called H.V.H. sets. The
initials refer to “high voltage heaters”
which are connected in series across
the power line. The B supply system
in this case has been made of the con-
ventional center tapped secondary

« Section 3

full wave type and the simplification
from an economy standpoint results
from the absence of any low voltage
windings on this.transformer. In this
case there is no conductive connection
between the power line and the chas-
sis or circuit wiring. The Hydro-Elec-
tric Power Commission of Canada
has approved such receivers as com-
plying with the Canadian safety code.
With the introduction of tubes oper-
ating with 117-volt heaters, power
systems similar to those discussed
may well represent a trend in the
ever-present urge to provide the pub-
lic with more radio entertainment at
less investment.

Component Failures in Transformerless Power Systems

As mentioned in the introduction, the
number of service failures of A.C.-
D.C. receiver components exceeds all
other types. Most of these failures
occur in receivers manufactured some
seasons ago before a thorough under-
standing of all of the operating condi-
tions was widespread among design
engineers. With no intention of con-
demning either the design or the pro-
duction of the older receivers, it would
be of value to outline the various
causes of component failures with sug-
gested remedies to obviate their re-
currence.  Since the phenomena in-
volved apply to all of the systems
discussed no particular reference will
be made to any one type of power
supply system unless a particular fea-
ture is pertinent.

Heater Circuit Failures

As has been previously pointed out,
the heaters of the various tubes of
receivers of this type are connected in
series and in turn connected to the
power line with a suitable voltage
dropping resistor. With the introduc-
tion of higher voltage ratings of the
heaters of these series operated tubes,
it is possible to design a receiver in
which the sum of the heater voltages
equals the line voltage, so that a series
dropping resistor is unnecessary. Since
this removes one component from the
receiver, there is a natural temptation
to design in this direction. However,
when this is done a series of phenom-

ena are likely to occur in service which
may result in one of two types of tube
failures. The cold resistance of the
heater circuit is considerably less than
the final hot resistance, especially if
the heaters are of tungsten wire. The
ratio of hot to cold resistance may be
as high as 7 to 1. Thus when the re-
ceiver is turned on a sudden rush of
current occurs which may cause vio-
lent mechanical movements of the
heater within the cathode sleeve. Since
certain heaters of widely different volt-
age rating may possess different ther-
mal lag characteristics, a dispropor-
tionate voltage distribution may oc-
cur during the heating period. This
situation is further complicated by
the fact that for certain types of tubes
the heater is an alloy rather than a
tungsten wire and possesses a differ-
ent temperature coefficient. Another
factor of importance concerns itself
with the method of heater construc-
tion. Both folded and reversed coil
heaters are in general use and the
tubes of the same type made by dif-
ferent manufacturers may be of dis-
similar construction from this stand-
point.

The sudden high current surge on
starting may cause such a violent
mechanical movement of the heater
within the cathode sleeve that short
circuit to the cathode or open circuit
may occur. If this happens in a tube
near the grounded or chassis end of
the filament string, the result is merely
a defective tube. If it occurs in the
rectifier or output tube at the high

end of the string, it may place 117

volts A.C. directly across the initial
filter condenser in the case of an A.C.-
D.C. set or across one of the doubler
condensers if the symmetrical type of
doubler is involved. The subsequent
failure of both tube and condenser
may be diagnosed by the service man
as a condenser fault rather than a
heater failure in the tube. :
The condition which is described
can be aggravated by the fact that
localized heating of the cathode sur-
face may result in the event that the
power has been turned off for a short
interval of time and the cathode has
not cooled down uniformly. Under
these conditions there is a possibility
that a localized hot spot on the cath-

- ode may result in cumulative over-

heating, since all of the current will be
comprised of the emission from the
single spot and will, of course, cause
a terrific concentration of heat. This
condition will, naturally, be aggra-
vated by the presence of any gas in
the tube, since the heavy positive ions
will bombard this same cathode spot
and in such a chain of events back
emission may occur from the over-
heated anode adjacent to this cathode
hot spot.

For these reasons some tube and
receiver manufacturers have deter-
mined a minimum value of series re-
sistance of low temperature coefficient
to be used in any series filament string
to restrict the high starting surge.
This minimum resistance should be in
the neighborhood of 50' ohms or more.
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A companion type of trouble, which
while not so serious from an economic
angle, is nevertheless very aggravat-
ing, is the frequent failure of dial or
panel lights. In the earlier receivers

. these lights were either placed directly
in series with the heaters or were
tapped across a portion of the voltage
dropping resistor. Under these condi-
tions the lamp received a serious over-
load during the starting cycle or if
protected from this surge had an op-
erating voltage too low for satisfac-
tory illumination. Within the past few
years this situation has been reme-
died to some extent by the use of
ballast tubes having a resistance-tem-
perature characteristic to protect the
dial lamp. The most recent develop-
ment in method of dial light connec-
tion in A.C.-D.C. receivers is the type
35Z5 tube which has a tap on the
heater across which the dial lamp is
connected. The circuit is so arranged
that the pilot lamp is also in the plate
current circuit and part of its current
therefore is derived from the B supply
system. Since the plate current does
not reach its final value until the start-
ing surge has been completed, it is
possible. to protect the lamp from
over-voltage during starting and still
provide sufficient illumination in the
final steady state condition.

Failure of Rectifiers and
Condensers During Starting
Transient Conditions

The elusive nature of rectifier tubes
and condenser failures in A.C.-D.C.
sets has been due almost entirely to
the set of conditions which can occur
during the first few cycles after the
receiver is turned ‘“‘on.” Some years
ago one of the larger tube companies
in an attempt to determine a rational
explanation for tube and condenser
failures in a certain receiver, con-
ducted a number of tests in which the
set was turned on manually, allowed
to operate until final temperatures
were reached and then turned off.
This cycle was repeated until a failure
occurred. It was found that the fail-
ures occurred once in every 720 oper-
ations on the average and that upon
mathematical analysis this figure cor-
tesponded to the random chance of
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turning on an A.C. circuit at the posi-

~ tive peak.

Another company in investigating
the reason for frequent tube and con-
denser failures in one of their larger
A.C.-D.C. sets found that an unusual
set of field conditions was responsible.
This particular receiver employed ex-
cellent filtering and therefore had an
exceptionally low hum level. In dem-
onstrating this the dealer would turn
down the volume control to allow the
prospective customer to listen to the
hum. If the control were inadver-
tently turned too far and the receiver
turned off, the B supply system would
be drained of its charge but the cath-
ode type tubes would still be hot when
the. receiver was turned on again.
Under these conditions the rectifier
tube was forced to supply an instan-
taneous peak current greatly in exeess
of any normal operating condition
since the input condenser had been
drained of its charge. It was found
that the transient current under these
conditions was sufficiently high to fuse
the cathode tab in the rectifier tube.
This tab will normally carry a current
as high as two amperes without fusing.

With conditions of this nature oc-
curring in the field it is natural that
tube and capacitor manufacturers
would individually place the blame
upon the other party especially in
view of the lack of any accurate data.
Tube companies were hesitant or un-
willing to allow the use of extremely
high filter condenser values since the
peak current and transient charging
current through the rectifier tube was
correspondingly high. On the other
hand the condenser manufacturer was
equally insistent that the capacitor
value be sufficiently high to guarantee
reasonable life expectancy under the
high RMS ripple current conditions.

A satisfactory remedy has been
found in the use of a series resistor in
the supply system. This resistor will
limit the instantaneous initial current
which the rectifier may be called upon
to supply and if the steady-state peak
current does not exceed the value
which the tube companies have found
to be satigfactory there is little reason
to anticipate a greater proportion of
tube failures in the transformerless

type of set than in those employing.

a power transformer.

It is suggested that service men
who have encountered frequent recti-
fier tube failures in existing sets install
a resistor of approximately 50 ohms
in series with each plate of the recti-
fier tube. The loss of plate voltage
occasioned by the introduction of this
resistor should not be serious enough
to be noticeable and can usually be
more than compensated by the sub-
stitution of a higher value of input
filter condenser, especially if the ca-

. pacitor must be replaced during the

service repair.

Shock and Fire Hazard

The transformerless type of circuits
discussed in this chapter all employ
some type of direct or conductive con-
nection between the chassis and the
power line. In most circuits one side
of the power line is either directly
connected to the chassis or is con-
nected through a fairly large capaci-
tance. The standard practice in most
communities in the United States re-
quires that one side of the house wir-
ing circuits be connected to ground at
the electric power meter. It is readily
seen that if the receiver plug is so in-
serted in the outlet that the chassis is
connected to the ungrounded side, the
full power line voltage can occur be-
tween the chassis and any other actual
ground such as a water pipe, radiator
system, or grounded conduit or outlet
face plate. This is the reason for the
insistence on the part of both the Fire
Underwriters Laboratory of the United
States and the Hydro-Electric Power
Commission of Ontario, that in these
cases no exposed metal part of the
chassis be accessible for accidental
contact by the user. Such condensers
as may be necessary to provide ade-
quate radio frequency grounding or
by-pass of the power line must be low
in value to limit the 60-cycle current
which might flow as a shock current.

Another wise precaution of these
regulatory commissions is that every
component which has any direct con-
nection with the power line must be
enclosed completely in metal so as not
to present a fire hazard in the event
of accidental short circuit or break-
down of any of the parts which would
occasion a power arc.
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'VIBRATORS AND VIBRATOR POWER SUPPLIES

General Theory of Vibrators

The operation of radio receivers and
transmitters, public address systems,
inter-call systems, electronic apparatus,
and many other similar devices and ap-
paratus, requires the use of direct cur-
rent electricity for at least part of their
proper functioning. This direct current
is usually at comparatively high volt-
ages for plate and screen-grid potentials,
and at low voltage for negative po-
tential on the control-grid, although it
may also be used for relay operation,
etc., in associated apparatus.

Where the apparatus or devices are
to be used in certain restricted locali-
ties, principally in the central business
districts of larger cities, where 110 or
220 volts of DC is supplied on building
wiring, satisfactory operation may of-
ten be secured with this amount of po-
tential with the special tubes and com-
ponents that have been designed ‘ for
this service. There may be cases, how-
ever, where this comparatively low
value of DC potential is not sufficient
to furnish the desired performance
from the device, and therefore the
power-supply is not satisfactory.

Probably the greatest number of all
electronic devices and similar appara-
tus are used in districts where alternat-
vng current (AC) is supplied in build-
ings or homes, usually at potentials of
115 or 230 volts. Under these circum-
stances, the DC high voltage can be se-
cured easily by means of a step-up
transformer, a suitable rectifier tube, an
appropriate filter consisting usually of
an iron-core choke by-passed on either
side by a high-capacity condenser,
which in most cases is an electrolytic
type, and a suitable voltage-divider.
See Illustration No. 1-a. Where a low-
voltage source of direct current is de-
sired, a step-down transformer is used,
a'compact dry-disc rectifier or rectifier
tube, and another suitable filter follow-
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ing to remove the pulsations from the
output. In all of these cases, no par-
ticularly difficult procedure is required,
nor are any unusual qualifications or
limitations to be met in designing the
power-supply to furnish the desired
output. Technical hand-books have pro-
vided excellent design data for trans-
former designs, and filter component
selections, and tube handbooks furnish
accurate rectifier characteristics as well
as approximate data for computing
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load requirements. Recent publications
and pamphlets have furnished infor-
mation on design data required in de-
signing dry-disc rectifier—low-voltage
power-supplies.

There is one field of application,
however, where neither high-voltage
DC nor AC is available for supply-
ing the required high-voltage DC for
the apparatus, but where it is possible
to employ a comparatively low-voltage
battery to furnish power. This may be a
6-volt storage battery asin the case of an
automobile or farm; a 12-volt storage

battery as in the case of aircraft, busses

and trucks; a 24-volt storage battery as
in aircraft or boats; a 32-volt storage
battery as on farms; or a 110- or 220-
volt system as in cities. Or, it may
be primary-cell batteries, as used on

‘railway signal systems or telegraph

apparatus; or dry-cell batteries as
used on portable radio receivers, sound
apparatus, hearing-aids, etc. Because
these low-voltage sources would not
supply the proper potentials for
satisfactory operation, the original de-
signs relied on dry-cell “B” batteries
of sufficiently high voltage to op-
erate the apparatus. Later motor-gen-
erator systems, known also as gene-
motors, dynamotors, and magmotors,
in which the same armature serves as
motor and generator, were used as re-
placements for the “B” battery sup-
plies. This was a logical step, inasmuch
as motor-generator design and knowl-
edge was accepted fact and widely dif-
ferent processes were not required in
adapting the machinery to the new ap-
plication.

Introduction of the Vibrator

At about the same time that the
motor-generator type of supply was be-

ing introduced, the P. R. Mallory & Co.
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organization began the introduction of
a new device known now as a Vibrator,
but which was first introduced under
the trade-namé of Elkonode, to furnish
the required AC so that a transformer
could increase the voltage, which in
turn could be rectified and filtered for
high-voltage DC. This has been the
innovation in the electronics field which
has popularized the automobile radio,
the farm radio, and other apparatus
operating from low-voltage DC power
sources, to the point where construction
and sale of this equipment is an impor-
tant percentage in the total volume in
the field. It is with regard to the design
and construction of power supplies
using vibrators that this text is being
written.,

By referring to Illustrations 1-b, ¢, d,
and e, we can see how a mechanical vi-
brating system can be coupled with
an electrical circuit to perform the
* functions of the Alternating Current
source and thus secure the equivalent
final result as is secured in No. 1-a. In
No. 1-b we find that by placing a re-
versing switch in the, supply lines of
“a,” we can connect the power-supply
to a DC source and generate an AC
voltage across the transformer primary,
thus inducing a higher AC voltage in
the secondary as in “a.” No. 1-c illus-
trates a different, and the generally ac-

r, .

DC DC
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cepted manner of securing the AC
voltage upon the primary of the trans-
former, wherein a center-tapped pri-
mary winding replaces the original one
and a less-complicated switch can be
used. Illustrations No. 1-d and 1-e show
the switch replaced by an electrically
driven vibrator, the one shown in “d”
being the more common “shunt-coil”
type while the other one shown in “e”
is the “separate-driver” type.

By carrying the analogy slightly fur-
ther, we can evolve the principle of the
self-rectifying, (also known as the syn-
chronous), vibrator. Illustrations Nos.
1-f and 1-g show that the tube rectifier
of “c” has been replaced by an addi-
tional blade and contacts for the switch.
This switch synchronously connects the
proper half of the transformer secon-
dary to the output and the proper half
of the primary to the input to secure
the desired polarization of the output
DC voltage. Illustration “f” would
compare to a “split-reed” type of vi-
brator, whereas “g” shows a common-,
or solid-reed, type, which will be thor-
oughly described and discussed later.

The following reproductions picture the
Mallory single-reed Elkonode in two posi-
tions:
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Fie. 2
1. Reed Assembly 4. Stop-post

2. Stop-post mntg. block
3. Stop-post locking-screw 6. Cam-nut adjustment
7. Air-gap

.05 MFD.

5. Contact Spring Assm.

* Section 4

History and
Design of Past
and Present
Vibrators

Since we are discussing the design
and construction problems arising from
the use of vibrators, it is advisable that
a short history and a description of the
past designs of vibrators and circuits
be presented.

“Half Wave” Interrupter

The original vibrator, designed for
radio receiver operation, both as a
component part and as part of a bat-
tery eliminator, was a so-called “half-
wave” interrupter. A line drawing of
this mechanism is shown in illustration
2, together with the circuit in which it
was used. The basic design included a
single tuned reed carrying a contact
rigidly fastened to the reed, a semi-
stationary flexible spring carrying a
second contact, adjustable supporting
assemblies, and a magnetic coil of low
resistance depending upon the load cur-
rent for its energization, (in other
words, a series coil type of unit). Of
necessity the contacts were closed at
rest and had to make good electrical
contact before the unit would start, and
the load current had to be approxi-
mately correct before the reed would
reach correct amplitude and good oper-
ation be secured. The rectifier tube used
with this vibrator in the power-supply
was a cold-cathode gaseous type, also
half-wave.
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Dual Reed Vibrator

The next step in the development of
vibrators was the addition of a second
vibrating reed and associated spring
and contacts. This “dual-reed” vibrator
is illustrated by the line drawing in il-
lustration No. 3, together with the cir-
cuit in which it was used. The coil
position was changed, so that the arma-
tures now included on the reed assem-
blies could swing past the end of the
core, instead of being attracted to it as
was the case with the original vibrator.
All of the reeds and springs were insu-

MYE

TECHNICAL

lated from the base and from each
other, permitting independent circuits.
The two reeds on any vibrator had to
be exactly matched in vibrating fre-
quency. Each production reed was
matched to a standard on a master os-
cillator by removing a small portion
of the armature weight. The coil was
still a series type, depending upon
the load current for good amplitude,
the contacts of both pairs were closed
at rest, and the second set of contacts
were used for mechanically rectifying
the high-voltage AC instead of using a
rectifier tube. As can be seen in the cir-
cuit, Fig. 3, a “phantom-load” resistance

The following reproductions picture the Mallory dual-reed or self-rectifying Elkonode in
two positions: a side view showing the Elkonode with cover and rubber cushion removed, and
a front view with cover and cushion removed. Numbered arrows clearly indicate position of
Elkonode parts involved in installing new contact spring and new reed assemblies.
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was required when the vibrator ran on
“no load” to prevent contact arcing on
the rectifier and possible high-voltage
break-down because of low and irregu-
lar reed amplitude under those condi-
tions. This phantom-load was connected
or removed from the circuit by means
of a relay whose coil was in series with
the high-voltage load circuit as shown.
While this type of vibrator had its limi-
tations and field difficulties, it was a
decided step forward and proved the
practicability of synchronous rectifica-
tion.

“Full Wave” Synchronous-
Rectifying Vibrator -

Considerable progress was made
when the “full-wave” vibrator was de-
veloped. Contrary to what might have

reen expected, the first unit developed
vas the full-wave synchronous-rectify-
ing (known also as self-rectifying) vi-
brator instead of the full-wave inter-
rupter vibrator. This unit is shown in
line-drawing in Illustration No. 4, to-
gether with the circuit in which was
used. The construction consisted of a
“U” frame so designed to permit the
mounting of a coil with pole-piece at the

‘closed end, and the vibrating reed and

insulated side-springs at the opposite
open end, the latter being clamped
under high mechanical pressure while
the holding screws were tightened. The
free ends of the side springs were ar-
ranged in relation to screws mounted in
the side of the frame so as to be ad-
justable by screw action, and locked
in place. The reed carried contacts
mounted on either side in pairs to co-
incide with the stationary arm contacts,
but in contrast with the “dual reed” vi-
brator previously described, the dual
reeds were replaced with a single reed,
thus electrically connecting the input
and output circuits at one point. This
was nearly always made the ground
connection of the battery and the “B”
minus connection of the power-supply.
Such connection was permissible be-
cause of the introduction and wide-
spread use of heater-type radio tubes,
whereby negative bias could be ob-
tained by self-biasing resistors between
the cathode and ground or “B” minus.
Another difference not immediately rec-
ognized is the type of driver-coil used
on this newer design. This driver-coil
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is a comparatively high-resistance wind-
ing placed in parallel with one-half of the
center-tapped primary of the transform-
er (and the battery), so that it is no
longer dependent upon the load cur-
rent for starting, or proper amplitude
and adjustment and therefore can oper-
ate on any load between no-load and
full-load satisfactorily. The contact
pairs are all open at rest and starting
depends upon the magnetic pull of the
coil moving the reed armature, and
therefore the reed contacts, far enough
to make good electrical connection with
the side-spring contact connected to the

The following reproduction pictures the
Mallory type 80 Elkonode in both top and
side views with covers and with peint buffer
condensers removed:
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EXPLANATION OF ABOVE CHARTS

A—A2 —Rectifier Lock Nut

B1—B2 —Rectifier Adjusting Screw
C1—C2 —Interrupter Lock Nut
D1—D2 —Interrupter Adjusting Screw

E, F, G, H—Rectifier Contacts
E, F, G, H—Duplicate for Interrupter Side

1. Magnet Coil Pole Shoe 4. Connector Plate
2. Reed Armature 5. Insulating Bushing
3. Stack Clamping Screw 6. Reed Tail

same side of the transformer to which
the coil is connected. This shorts out the
coil, collapsing the magnetic field and
therefore releasing the reed, permitting
it to return to, and beyond, its original
position. At this time the coil is again
connected and another pull impulse is
given to the reed. At the time of intro-
duction of this type of vibrator, it was
customary, and thought necessary, to
include internally mounted and con-
nected point condensers across the rec-
tifier contact pair to suppress sparking
and contact flaring. Little was known
about selecting the value for these con-
densers, and they were usually deter-
mined by a “cut-and-try” method of
investigation on life-tests and by visu-
ally inspecting for the reduction of vis-

ible sparking. As will be seen later, this

accomplished to a fair degree the scien-
tific selection of timing capacities now
used in determining “buffer” condenser
capacities today. No tuning of the reed
was required for this type of vibrator,
but commercial tolerances used in man-
ufacture resulted in a rather close vari-
ation in frequency. This frequency was
approximately 135 cycles per second,
in contrast with a frequency of approx-
imately 85 cycles per second for the
two preceding units.

“Full Wave” Interrupter Vibrator

The next unit developed was the full-
wave interrupter vibrator, in order to
furnish a unit to be used with the newly
developed cathode-type, indirectly-
heated rectifier tube. This construction
is illustrated by line drawing in Illus-
tration No. 5, together with circuit in
which it was used. As can be seen, the
same frame, coil, and reed assembly
type of construction was used as was
used on the preceding vibrator, with
the double sets of side-springs being re-
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placed with a single set, etc. At this
time the use of a single “buffer” timing
capacity was adopted, connected across
the entire secondary of the transformer
in order to reduce its size, although
the voltage rating had to be increased.
Some manufacturers still used two con-
densers, with the center-tap connected
to ground, and this practice is used
occasionally today, principally as a
method of improving “hash” (interfer-
ence) suppression. Mallory pioneered
in the introduction and perfection of
an oil-filled vibrator condenser, both

1. Magnet coil
pole shoe

2. Reed armature

3. Stack clamp-
ing screw

4. Connector
plate

5. Insulating
bushing

6. Reed foil

B
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H

A—Lock-nut A
B—Adjusting
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tact points ©
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for the internally mounted point con-
densers and for the “buffer” type, with
the result that condenser failures were
greatly reduced, or eliminated. During
all of this development period, output
loads had been increasing, and physical
size had been decreasing. This was
made possible by increase in operating
efficiency, better knowledge of contact
material performance, and improved
mechanical design. In spite of require-
ments for still higher outputs, the trade
demand was for still smaller vibrators
with longer life characteristics, quieter
mechanical performance, and greater
uniformity with lower price.

The Eight-Contact Vibrator

The answer to this demand was the
development of a new type of vibrator,
with considerably smaller size, higher
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contact pressures and better contacting
action, more efficient driving power,
and radically improved mounting sys-
tem. This unit is shown in Illustration
No. 6, the operating circuit being simi-
lar to that shown in the last preceding
design. The first vibrators were in rec-
tangular shaped containers of metal,
2 11/16" x 27" x 5 94", with plug-in
base, and sound-deadening liners of
special sponge-rubber. The dual-reed
type effected only a small reduction in
size to a similar rectangular box 214" x
2 7/16” x 5 5/16”, while the first full-
wave units allowed a reduction to a
round can 2” in diameter by 414" long.
All these units used the plug-in base.
This later small design (Illustration 6)
permitted the size to be reduced to a
114" diameter can by 3 3/16” long, yet
the permissible output power was in-
creased to 30 watts (assuming the most
efficient design of transformer and cir-
cuit), as against 6.3, 9.0, and 18.5 watts
respectively, for the preceding units.
The interrupter was made with eight
contacts, (four pairs), in the same
manner as the self-rectifying unit, with

1. Stranded leads and 6. Reed contact arms
soft rubber tubing 7. Outer contact arms

2. Spring washer-plate 8. Reed and armature

8. Stack clamping 9. Pole-piece integral

screws with frame

4

5

. Stops and solder lugs 10. Coil |,
. Reed slot for starting
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the pairs on the same side of the reed
connected in parallel by means of
jumpers in the stack assembly. These
jumpers were omitted when making the
self-rectifying type. For the interrupter
unit the contact spacing for all pairs
was approximately the same, while for
the self-rectifying unit the interrupter
spacings were the same as before but
the rectifier spacings were somewhat
wider. (This was the same, of course,
for the previous self-rectifying design,
a feature upon which a U. S. patent has
been granted to the Mallory organiza-
tion.) This type of adjustment for the
self-rectifying unit permits the unit to
start satisfactorily by having the coil
shorted by the interrupter contacts,
and also permits the load to be con-
nected and disconnected in the high-
voltage low-current cifcuit instead of
the low-voltage high-current circuit,
thus prolonging the life of the contacts.
This same type of adjustment also gives
rise to a differently shaped voltage wave
form, as observed on an oscillograph.

It will be noted that an open type of
frame has been used on this latest de-
sign instead of the “U” frame previ-
ously employed. This permits greater
visibility, easier handling of parts in
assembly, etc. The adjustment of spac-
ings is now accomplished by bending
of soft-iron “stops,” upon which the
side-springs rest with preformed pres-
sure, instead of by screws. The stops
also provide a method of securing defi-
nite positioning of the side-springs.
Since the stops are not of spring steel,
they will not relax from a set position.

. They also provide a quick break to the

contact opening, and dampen the oscil-
lations of the side-springs during the
part of the cycle that they are not in
contact, thus eliminating bounce and
chatter upon remaking contact. The
reed now uses off-set arms to carry the
contacts, thus in effect furnishing a
longer reed in the short length of frame
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by moving the hinge portion back to-
ward the stack. The reed also is pro-
vided with a slot near the stack which
provides a very flexible reed during the
short length of movement between op-
posite sets of contacts, and permits low-
voltage starting without affecting high-

" voltage running.

The mounting consists of a specially
designed  sponge-rubber ‘liner-cap,
which grips the stack-end of the vibra-
tor and supports it freely above the
plug-base, allowing mechanical freedom
for vibratory movement without trans-
mission of same to the external mount-
ing. A liner for the can deadens direct
noise radiation through the can, and an
extruded zinc can, with tapered cross-
section in the end, prevents natural
resonance of the can from causing
ringing, or “singing” from this source.
Special flexible copper leads encased in
soft, sulphur-free, rubber tubing aid in
noise and shake reduction, through
propei placement and routing. The
stack insulation used is a 'very special
grade of bakelite, given a special heat-

~ treatment before assembly, and held

under high pressure in the stack by a

special spring washer-plate which effec-

tively prevents loosening of the assem
bly even under severe overloading.
Comparatively thick bakelite is used to
provide sufficient voltage insulation for
the unit when used as a self-rectifying
type. The stack parts are ground to a
thickness tolerance of plus or minus
.0002” in order that a minimum of ad-
justing will be required after assembly.
The use of parallel contacts, when the
unit is used as an interrupter, increases
the heat conduction from the contacts
and also furnishes longer life by pro-
viding a greater amount of tungsten
surface for erosion, without the use of
massive contacts. While only one of the
two contact pairs will carry current on
any one half-cycle, the action will alter-
nate in a manner that will average the
heating and wear over a period of time.
The self-rectifying unit, by commu-
tating the load current in the rectifier
circuit, reduces the heating on the inter-
rupters, and thus this unit may also
carry the required current to permit

an output of 30 watts. Both of these -

designs have been very successful and
are being widely used at the present
time. The frequency of both designs is
115 cycles per second.
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“Tuned Reed” Vibrator

A new vibrator of radically new de-
sign, pictured in Fig. 7, has been de-
veloped in answer to the demand for a
four contact unit capable of extremely
efficient operation under medium out-
put loads. This vibrator is classified
as a “tuned-reed” type, inasmuch as
the principle upon which it depends for
its correct operation and which results
in its exceptionally long life is a me-
chanically tuned relationship between
the flexible, oscillating reed-arms and
the oscillating reed itself. The arms
upon which the reed contacts are
mounted are selected, and matched
with selected contacts, so that the re-
sultant mechanically oscillating mem-
bers have a frequency five times that
of the reed, which is itself selected and
matched with armature weights to give
the desired result. See Illustration No.
7. The fundamental frequency aver-
ages around 115 cycles per second in
this design. The outer side-arms in this
design are stiff and move very little
when in operation, and adjustments in
spacing that are necessary after the
grinding of stack parts to close toler-
ances are made by bending of these
comparatively soft steel arms.

The reed used in this latest design
has a tapered construction, see Illus-
tration No. 7, permitting excellent reed
amplitude without exaggerated fiber
stresses in the reed material at localized
points such as occur in rectangular
reeds with internal holes punched to
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provide the required graduated flexi-
bility. At the same time this construc-
tion largely prevents “whipping” of
the reed, since now there are not two
sections to oscillate individually. The
slot near the stack has been retained to
provide good low-voltage starting, as
in the previous design, and in addition
another Mallory invention has been in-
corporated in this design in the form
of a magnetic shunt on the reed driving
circuit. This shunt permits the full force
of the magnet coil to be exerted at low
voltages, especially for starting pur-
poses where it aids by localizing the
flux path, yet reduces the force at
higher battery voltages and therefore
prevents excessive reed amplitude
which might occur because of the reso-
nance of the mechanical system.

Because of the tuned principle, the
contacts close with practically no ve-
locity difference (thus eliminating
bounce and chatter), they open with
very high velocity (thus furnishing a
quick break and a very short duration
of any arc that might be drawn), and
they have practically no wiping action
while in contact (eliminating contact
erosion, which is the cause of contact
spacings increasing with life). These
factors provide excellent uniformity of
production vibrators, trouble-free life,
excellent output over the entire life of
the unit, and reduction of “hash” inter-
ference generation to a minimum, all
when used with properly matched cir-
cuit components, including the trans-
former and timing capacity. This unit
is made in the same size as the eight-
contact units previously described, and
can give excellent life when used on
outputs up to 20 watts at average effi-
ciencies. The outputs mentioned have
been in relation to an input voltage at

the vibrator and transformer of 6.3 .

volls, which has been standardized as
the value to use in computing load re-
quirements for 6-volt batteries when
operated upon a charging circuit.

“Split Reed” Vibrator

A few words with relation to the so-
called “split-reed” type of vibrator
would seem advisable. While the Mal-
lory Company pioneered in the intro-
duction of this type of unit, and sold
a considerable number, and later de-
veloped an excellent unit of small size,

* Section 4

tooling costs and production difficul-
ties, however, did not warrant produc-
ing this unit after a survey of the pros-
pective uses indicated that the solid-
reed version could be and had been
adapted to practically the entire field.
In the split-reed type of vibrator the
interrupter and rectifier circuits are in-
sulated as in the “dual-reed” type de-
scribed earlier, but the two reeds are
mechanically tied together so as to sup-
posedly operate in synchronism, and the
shunt type of driver coil is used, with
full-wave operation provided by four
pairs of contacts. Outside of the re-
versing-switch application, the chief use
of this type of unit has been as a self-
rectifying vibrator for supplying both
“B” and “C” voltages for filament types
of receiving tubes, when operating from
the same battery as the tubes. Circuit
and tube developments have provided
means for using the solid-reed type
effectively in this class of service, re-
moving the need for the split reed. De-
tails on bias circuits used commercially
with solid-reed synchronous vibrator
power supply systems are given on-
pages 87 to 91.

Vibrator Application
Considerations

The next logical step in the study of
vibrators and vibrator power supplies is
the design considerations governing the
associated circuits and components. A
vibrator is not a brute-force device—it
must operate under correct conditions
to achieve economy and long life, and
to obtain quiet hum-free performance.
A knowledge of power supply design
considerations is of distinct value to the
serviceman in aiding in the prompt
diagnosis of faulty components, and in
showing the procedure for correcting
faults in equipment.

In the design of vibrator-operated
power supplies, engineers are faced
with a considerably larger number of
factors and problems that must be taken
into account than are encountered in the
design of an equivalent A.C. power
supply. No one component in the supply
can be divorced from the rest, since its
function and design depends upon the
design and operation of the other
components. Therefore, the Vibrator,
Transformer, Timing Capacity (com-
monly called the “buffer condenser”),
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Battery Voltage, “A” Lead Resistance,
and the “A” Current of the Speaker
Field and Heaters, all must be consid-
ered as a unit when the power supply is
to be designed. Knowing the nominal
battery voltage, i.e., 4, 6, 12, or 32 volts,
the approximate lead, switch, fuse, and
“A” choke resistances, the current drain
of the tube heaters and speaker field,
and the variation in battery voltage en-
countered in service because of charg-
ing and temperature, the problem re-
solves itself into correlating the three
important items of the supply, namely
the Vibrator, Transformer, and Timing
Capacity. -

In the design of A.C. power supplies
the designer is considering mainly,
Economy of Manufacture, Heating,
Regulation, and Output. All of these
factors must also be considered in the
design of a vibrator-operated power
supply, and in addition, size and pri-
mary current drain are of paramount
importance. Size because of the fact
that this type of supply is usually used
for auto receivers and other applica-
tions where space is at a premium, and
primary current drain because of the
limitation of battery drain and also the
more important factor of vibrator life
which is largely determined by the load-
ing applied to the contacts.

Since it is necessary to operate this
type of power supply in a multitude of
receiver designs having varying values
of “A” lead resistance and “A” current,
it is customary now to rate the power
supply as furnishing the required out-
put at an input voltage of 6.3 volts as
measured from the center-tap of the
transformer primary to the reed-termi-
nal of the vibrator socket. When this is
not done, it is necessary that the “cen-
ter-tap” voltage be specified at which
the required output is to be secured.
Since it is also necessary to operate this
power supply on a battery whose state
of charge is variable, and whose rate of
charge from an auto generator or “wind
charger” varies from zero to thirty am-
peres or more, it is necessary to so de-
sign the power supply components that
they will perform safely with applied
voltages to the system varying between
5.75 and 9.0 volis at the battery in the
case of a nominal 6-volt battery. Volt-
ages at the center-tap will vary con-
siderably depending upon whether a
“starting” condition or a “running”
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condition is being considered ; this volt-
age may range from 5.25 volts to 8.5
volts, or a 62% variation. This com-
pares to the 24% maximum variation
(105 to 130 volts) encountered in the
design of A.C. power supplies. In addi-
tion, since heater-type tubes are now
used for practically all applications in-
volving vibrator-operated power sup-
plies, a “no load” condition’ for the
supply is present every time the receiver
is turned on and this must be considered
fully in the design since a vibrator is not

- only a mechanical device, but is limited

by transient conditions arising from un-
usual operating circumstances.

Vibrator Characteristics

Complete knowledge of the vibrator
operating characteristics is the first ne-
cessity in starting a desigh of a power
supply’s electrical characteristics. These
vary somewhat between various manu-
facturers, especially in those units man-
ufactured prior to 1937-38. Prior to this
time, full-wave vibrators were manu-
factured with frequencies of 85, 90,
100, 115, 135, and 165 cycles per sec-
ond. Mallory has pioneered in establish-
ing a frequency of 115 cycles per sec-
ond, adopting this now generally-used
frequency in 1935. In addition to the
item of frequency variations, consider-
able variation also occurs in the me-
chanical “time efficiency” of the vi-
brator. Time efficiency refers to the
percentage of the total time of one cycle
that the power contacts are held in con-
tact, although it is usually more impor-
tant to determine this for each half of
the cycle in order to measure the bal-
ance between the two swings of the
vibrator reed mechanism. Values of
time efficiency in the past have varied
from 70% to 90%, but at the present
time are mainly held within the range
of 85% to 90% average.

TIME

Referring to Fig. 8, time efficiency of
the vibrator is illustrated us an electro-
mechanical waveform trace plotted
against time in seconds. At 1 on the dia-
gram the power contacts are closing on
one direction of swing of the reed, con-
necting the primary of the transformer,
in effect, to the positive terminal of the
battery. The contacts remain closed un-
til point 2, this length of time being t,,
where the reed has started its return
swing and has opened this pair of power
contacts. The reed now requires a length
of time t, to continue this return swing
to the point where the opposite pair of
power contacts close at 3 on the dia-
gram, connecting .the primary of the
transformer, in effect, to the negative
terminal of the battery. These contacts
remain together for the length of time
ts, when the reed has reversed its direc-
tion of motion again and has continued
its return swing (in same direction as at
1) far enough to open the second set of
power contacts at 4. The reed then re-
quires a length of time t, to travel be-
tween the second set of power contacts
at 4 and the original set at 1 where the
cycle ends and a new one begins. Cur-
rent can only flow from the battery
while the power contacts are touching,
or during the time periods t; and ts.
Since this power, in effect, is reversed
on each half-cycle, alternating voltage
is applied to the primary of the wave-
form shown. The RMS value of this
voltage is, of course, dependent upon
the percentage of time the contacts re-
main closed during each cycle, or in
other words, ‘'upon the time efficiency.
Time efficiency is, therefore,

tl—l‘tg t1+t3
to o+ttt

The Transformer

Knowing the characteristics of the
type of vibrator to be used, the next step
is the design of the transformer to be
used with the vibrator to increase the
primary alternating current voltage to
a higher voltage of a sufficient magni-
tude such as to produce the desired rec-
tified direct current. Since it can be
shown that the value of timing capacity
required in the primary circuit for cor-
rect matching of the vibrator and trans-
former depends directly upon the mag-
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netizing current (maximum value) of
the transformer required for the voltage
of operation and upon the operating
characteristics of the vibrator outlined
in the preceding paragraph, it is of ex-
ceeding importance in the design of the
transformer to consider first the range
of flux density and also the maximum
flux density to be encountered. This is
because the magnetizing current-flux
density relationship, commonly known
as the magnetization or B-H curve, of
the iron to be used in the transformer
core is not a straight line, but is a curve
which begins to deviate greatly from a
straight line in most irons at a flux
density of about 65,000 to 70,000 lines
per square inch. Because it is necessary
to operate the final design upon applied
voltages covering a range of 6 to 9
volts, it would be desirable to limit the
operating range of flux densities to the
comparatively straight-line portion of
the curve. However, this range is lim-
ited, and would be rather uneconomical
except in the cases of some portable, or
home receivers, where current drain is
paramount. Therefore, it is usually sat-
isfactory to set the upper limit (for
maximum voltage) of 65,000 lines per
square inch. Where the sacrifice of op-
erating perfection and efficiency is re-
quired in order to secure economy, a
maximum flux density of 75,000 lines
per square inch is permissible. The fol-
lowing diagram, Figure 9, illustrates
the approximate characteristics of a
grade of iron often used for vibrator
transformers.
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This grade of iron is used, not only
because of the low power lost as core
losses, but because the variation be-
tween minimum and maximum limits
of production runs of this grade are
held to narrow limits. This enables a
rather accurate determination in ad-
vance of the timing capacity necessary
to give good vibrator performance. On

those grades of iron with wide produc-
tion limits, exceedingly variable results
will be obtained in a production run of
receivers using a supposedly identical
transformer to the sample approved.

Knowing the limiting flux density,
and the fixed vibrator constants, the de-
sign is now controlled by the balance
between primary turns and the cross-
section of iron in the center-leg of the
shell-type of transformer usually used
in this type of application. The biggest
difference between the physical appear-
ance of an A.C. transformer design and
that of one for vibrator operation lies
in the use of a dual primary on the vi-
brator transformer. As explained above,
this is required to obtain the A.C. volt-
age effect. Also, on low battery volt-
ages, such as 4, 6, and 12 volts, the wire
size required for the primary is rather
large, giving a rather inefficient wind-
ing space factor and almost always re-
quiring that the primary be wound over
the secondary. It is quite ordinary to
find small power transformers for A.C.
operation operating at a flux density of
90,000 to 100,000 lines per square inch
as against the 65,000 to 75,000 lines per
square inch for a vibrator transformer.
Because of the need for the additional
primary winding, the size of a vibrator

transformer will always be consider-

ably larger than for an A.C. transform-
er to furnish the same power output.
The turns per volt are usually kept
rather low for high output units, ap-
proximating 4 to 5. This is primarily
done to reduce the leakage inductance
of the transformer, although the combi-
nation of a medium size of lamination
and large wire size works out best under
this arrangement, the core being stacked
thicker in order to adjust the flux den-
sity. Since the load currents must be
increased or decreased through this
leakage inductance, it acts as a burden
on the contacts and therefore is more
detrimental the higher this inductance
is made. This leakage inductance bur-
den has been demonstrated experimen-
tally and in practice as being one of the
biggest causes of rapid contact erosion,
or wear. It is general practice to inter-
leave the laminations 2X2, although
1X1 and 3X3 are often used. Inter-
leaving 2X2 permits a lap joint between
each lamination (as does 1X1 interleav-
ing), whereas 3X3 or higher allows
only a butt joint between all but the out-

side laminations in each group. Since
the magnetic flux sprays from the core
to a certain extent in all transformers,
and this flux is modulated by any
“hash” frequencies present in the elec-
trical circuit, it is universally necessary
to provide a comparatively heavy mag-
netic shield completely surrounding the
transformer in order to provide a
“hash”-free power supply. Of course,
this is quite often enlarged to include
the other components effectively.

Timing Capacity (Buffer
Condenser)

With the transformer design arrived
at, the magnetizing currents for the
nominal and the maximum flux densi-
ties (corresponding to the nominal and
maximum battery voltages), are calcu-
lated from the B-H curve and the length
of magnetic path of the lamination
used. These values of current are the
average theoretical values used in deter-
mining the theoretical timing capacity
required to give the proper voltage
waveform for best vibrator operation.
This is known as circuit matching. A
timing capacity, or buffer condenser, is
required in order to protect the circuit
during the time that the reed is moving
from one set of contacts to the other, in
other words, t, and t, in Figure 8. If no
capacity were used, when the contacts
opened at 2 in this same figure not only
would the battery voltage present on the
contacts need to be “broken,” but an
exceedingly high voltage of the oppo-
site polarity would be induced in the
transformer because of the collapse of
the sustaining magnetizing current (and
therefore flux) which would also have
to be “broken.” This would cause severe
arcing and failure of the vibrator unless
some other component suffered voltage
breakdown first. Also, when the con-
tacts closed at 3 the full battery voltage
would be applied directly across the
contacts, causing a spark to jump the
gap just before the contacts closed,
which is also detrimental to good con-
tact life. By connecting a condenser
across either of the windings of the
transformer, and adjusting the capacity
to the predetermined value, the oscillo-
graphic waveform trace illustrated in.
Figure 8 can be changed to that shown
in Figure 10 following.
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We now notice that the “off contact”
intervals of time, t, and t,, are no long-
er horizontal lines but are sloping, clos-
ing the gaps between points 2 and 3 and
points 4 and 1. This is the “ideal” wave-
form for an interrupter-type vibrator,
or a self-rectifying type vibrator operat-
ing on no-load.

Selecting Proper Timing Capacity

The condenser has become a “tank”
in which we store energy during the “on
contact” intervals t; and t;, and which
discharges into the transformer wind-
ing during the “off contact” intervals t,
and t, to supply energy to the trans-
former. This discharge is in the form of
a damped oscillation in the circuit
formed by the transformer winding in-
ductance and the condenser; however,
the first one-quarter cycle is never com-
pleted before the next pair of contacts
close. The “ideal” waveform shown in
Figure 10 can be secured experimental-
ly, but is not practical in production,
because of the variations in the several
components used in the circuit. Also, as

.a vibrator’s contacts erode, or wear

away, the spacing between those con-
tacts increases, increasing in turn the
“off contact” time intervals t, and t,
during which the reed must move from
one set of contacts to the other. Because
of this fact, a larger timing capacity is
theoretically required with an old vibra-
tor than with a new, and the additional
-
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capacity that is required to prevent
“overclosure” of the voltage waveform
must be included in the original design.
Therefore, the desirable oscillographic
waveform for an average condition for
a new vibrator would appear as in Fig-
ure 11.

With the circuit adjusted as described
above, the “closure” of the waveform
shown in Figure 11 is between 60% and
70%. That is, the distance vertically be-
tween the points where the contacts open
and close, 2 and 3, is about 60% of the
total distance between the two horizon-
tal lines t, and t,, with the same condi-
tions holding true for the points 4 and
1. This would also hold true, again, for
the self-rectifying-type of vibrator oper-
ating on no-load. “No-Load” does not
mean the removal of the first filter con-
denser, also.

The waveform picture of a properly
adjusted self-rectifying vibrator oper-
ating under load is shown in Figure 12,
following.
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The short, regular peaks shown at the
start and finish of the time intervals t,
and t; are proper and do not create
“hash” or circuit difficulties if they ap-
pear approximately as shown. These
peaks are caused by the increased volt-
age drop in all of the “A” circuit when
the secondary, or “B” load is connected,
since the vibrator is so adjusted that the
interrupter contacts close before the
rectifier contacts and open after the rec-
tifier contacts. In other words, the recti-
fier contacts are spaced slightly wider
than the interrupter contacts, the load
thus being broken at high voltage and
low current instead of at low voltage
and high current.

Improper Timing Capacity

Correctly shaped waveforms have
been pictured, but it is advisable to also

illustrate a few of the more common
mismatches found. It can readily be un-
derstood that should a modern 115-
cycle vibrator with a time efficiency of
90% be used to replace an original
equipment vibrator which originally
was operating at 85 cycles and a time
efficiency of 80%, a decided mismatch
would occur. The new frequency being
higher, the flux-density would be re-
duced by 26%, while because the new
time efficiency is higher also, the flux
density will in turn be increased by
13%. This is a net decrease of 13% in
flux density, and correspondingly an
even greater decrease in magnetizing
current because of the curvature in the
B-H curve of the iron. Because of the
increase in time efficiency as well as in
frequency, the “off contact” intervals t,
and t, are considerably shorter (in sec-
onds) . Therefore, with less magnetizing
current required by the transformer,
and a shorter time interval in which to
dissipate the stored energy, the timing
capacity originally in the circuit is now
too large, and the waveform pictured in
Figure 13 results.
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Since the modern Mallory Replace-
ment Vibrator would easily outperform
the original under proper circuit match-
ing, and because it is universally avail-
able, should this type of condition arise,
it is advisable to replace the timing ca-
pacity incorporated in the receiver and
install a Mallory Type OT condenser of
a value which will approach the wave-
form shown in Figure 11.

Should a mismatch occur in which
the reverse, or partial reverse, of the
above be found, or a condition be found
in which the ofiginal capacity chosen
was too small, waveform pictures such
as shown in Figures 14 and 15 will
result.
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Figure 14 illustrates a case of “over-
closure” of the waveform with the load
applied to the rectifier tube in an inter-
rupter type power supply. This condi-
tion is not often noticed since it can be
mistaken for bouncing of the contacts
at the “make.” However, if the load is
removed, or the rectifier tube removed
from its socket, the picture will change
to that shown in Figure 15, if overclo-
sure is present. Naturally the cure for
this condition will be the addition of
more capacity to the original, or better
still, to replace the original with a new
Mallory Type OT of the correct capac-
ity. Condensers age in much the same
manner as springs, and it is frequently
advisable to replace such hard-worked
types as are used in vibrator power sup-
plies every few years at least, or every
1,000 hours of operation.

In the case of a self-rectifying vibra-
tor, overclosure will evidence itself in
much the same manner as in Figure 15,
except that very sharp and usually
ragged peaks will result instead of the
comparatively round ones illustrated.
These are exceedingly dangerous and
will undoubtedly cause the vibrator or
other components to “break down,”
since the transient voltages are usually
much higher than the value observed
upon the oscillograph screen, and are
multiplied by the transformer turn ratio
when applied to the secondary or recti-
fier circuit. It should be noted that all of
the above oscillographic pictures are to

be observed with the vertical plates of
the oscillograph connected across the
entire primary of the transformer. The
picture given in Figure 8 cannot be se-
cured with a transformer, but can be il-
lustrated by the use of a center-tapped
resistor of 10 ohms total replacing the
primary of the transformer. In this case
a separate-driver type of vibrator should
have the nominal battery voltage ap-
plied, but a shunt type of vibrator
should have double this value applied.

All of these oscillograph waveform
checks should be made rot only at the
nominal battery voltage of operation,
but also at the maximum voltage under
which the receiver may be called upon
to operate. Since many automobiles are
now being sold equipped with charging
voltage-regulators which maintain a
voltage at the ammeter of approximate-
ly 7.8 to 8 volts, it is essential that a
check be made with 4 cells of battery in
order to reach the required level of
voltage. The higher the voltage applied,
the greater the tendency for the wave-
form to “overclose.”

A condition such as “single-foqting,”
the operation of the vibrator mainly on
one contact set only, is quite prevalent
with old and even with some compara-
tively new vibrators, and a waveform il-
lustrating this condition is shown in
Figure 16. -
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Here is shown the condition where
more than one cycle of the oscillatory
discharge of the timing condenser has
taken place before the one set of con-
tacts closes at 3, whereas on the other
set of contacts comparatively good op-
eration is still secured although this
will be found to have a short time inter-
val t,, since the reed amplitude will be
low. This is usually overcome in slip-
shod engineering practice by use of ad-
ditional timing capacity. However, this
involves the acceptance of a waveform
such as that in Figure 13, which is not
desirable.

* Section 4

Effects of Bouncing Contacts

Bouncing or chatter of the vibrator
contacts is illustrated in Figures 17 and
18, where 17 illustrates this condition
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when operating upon a center-tapped
resistor, and-18 when operating upon a
transformer-condenser set-up.
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Servicing Vibrator-Powered
Receivers

Properly used in a well designed
power pack, a vibrator is an extremely
reliable device, and normally only one
condition will ever arise which will
shorten its life, or cause damage and
premature failure. That condition is se-
vere overload, and is usually the result
of failure of some associated component
such as the buffer condenser, filter con-
denser, etc. which will cause abnormal-
ly heavy flow of current through the
vibrator contacts. The condition is ap-
parent at once on the inspection of the
vibrator mechanism, which will show
burned contacts, bluing of vibrator
reeds, and in severe cases charring of
the rubber liner inside the container.
Whenever a condition of overload is
suspected, endeavor to locate and cor-
rect the trouble before trying a new vi-
brator. It is especially trecommended

that the service method given on page
74 under the heading of “Importans
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New Service Procedure” be followed if
 the cause of the receiver failure is not
at once apparent. )
Listed below are typical symptoms in
vibrator-powered apparatus with sug-
gestions as to causes.

No “B” Voltage

If the vibrator is operating and there
is no “B” voltage, first disconnect the
lead from the B4~ output of the filter. If
the voltage becomes much higher than

- normal when this lead is disconnected,

the trouble is in the radio receiver
proper.

If, after disconnecting the B lead,
there is still no voltage, the trouble is in
the power pack circuit.

The following list shows the probable

‘defects, in the order of their impor--

tance:

1. Shorted Filter Condenser.

. Shorted Buffer Condenser.

. Shorted Rectifier Tube.

. Shorted “B+-" By-Pass Condenser.
.. Grounded Filter Choke.

. Shorted Transformer Secondary.
. Ground in Wiring.

N SN s W

If the vibrator does not operate, re-
move the vibrator and check for the fol-
lowing defects:

1. Low Battery Voltage.
2. Blown Fuse.

3. Burned Switch.

4. Broken “A” Lead.

All of these points may be quickly
checked by measuring the voltage be-
tween the center tap of the transformer
primary and the REED terminal of the
vibrator socket. This voltage should
read 5.5 volts or more.

If the check is satisfactory, the vibra-

tor should be tested for proper opera--

tion either in a vibrator tester or by the
substitution of a new Mallory Replace-
ment vibrator. Sticking or - shorted
vibrators are usually caused by ¢‘projec-
tions” being built up on the contact
points. These “projections” (contact
transfer) are the result of an unbal-
anced condition in the circuit. A care-
ful check of the “buffer” condenser
should be made. If this condenser is
open or the capacity not as specified, it
should be replaced with a Mallory Oil
Filled Condenser, Type VB or OT hav-
ing the specified capacity. Never change
the specified capacity of this condenser
unless specifically instructed to do so.

Low *“B” Voltages

Check the points given below as the
cause for low “B” voltage.

1. Battery Voltage Low.

2. Corroded Fuse Clips.

3. High Switch Resistance.

4. Weak Rectifier Tube.

5. Defective Buffer Condenser.
(Caution: See preceding instruc-
tion on buffer condenser replace-
ment.)

- 6. Defective Filter Condenser.

7. Worn Vibrator.

(Check in tester or substitute new
Mallory Replacement Vibrator.)

8. Check for troubles in radio which
will cause low voltage such as
shorted cathode resistor, by-pass
condenser, shorted transformer,
defective tubes, etc.

Intermittent Operation

1. Generally caused by troubles in the
receiver, such as defective antenna
insulation or connections, defective
wiring, defective tubes, etc.

THE MYE TECHNICAL MANUAL

2. Intermittent vibrator operation
usually caused by worn vibrator
nearing the end of its life.

3. Loose connections in the power
pack.

4. Defective Rectifier Tube.

Unusual Mechanical Noise

Unusual mechanical noise from the
vibrator may be caused by:

1. Vibrator touching other parts and
vibrating against them or causing
other parts to vibrate. Correct this
trouble with a cardboard pad
around the vibrator.

2. An old vibrator nearing the end of
its life.

3. Loose case screws, or loose parts in
the radio set.

Electrical Hum from Speaker

. Hum from the speaker is usually

caused by:

1. Defective filter condensers (low ca-
" - pacity).

2. Microphonic Tubes.

3. Microphonic Condensers. (Usually

variable condenser.)
4. Loose chassis screws.
5. Poor Grounds in Radio.

Don’ts

1. Never change the specified capac-
ity of the buffer condenser (unless cir-
cuit matching is carefully checked with_
oscillograph) .

2. Never attempt to repair a vibra- .

tor. Filing contacts or bending springs
destroys the factory adjustment which
has been carefully made with expensive
instruments.

3. Never replace a vibrator until you
are sure it is defective.

4. Never hesitate to write Mallory for
specific information and help.

Important New Service Procedure

When the owner brings in a set in
which the fuse is blown, a number of
busy and successful auto radio service
stations are employing a certain new
procedure as standard routine, because
it enables them to locate the cause of
the trouble quickly. -

This procedure is given in detail in
what follows, and we heartily recom-
mend it to our readers as a time and
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money saver. It is a method which lifts
this class of trouble out of the realm of
“guess,” and puts it on & definite basis
of measurement. The recommended
procedure follows.

A D.C. ammeter of approximately
0-20 ampere range should be connected
in series with the “A hot” (ungrounded)
lead. The first time power is supplied to

the receiver with the ammeter in the cir-

cuit care should be taken to see that the
polarity of the ammeter is not reversed.
In the event that the serviceman has
knowledge as to the make and year of
the car in which the receiver is used,
reference to the battery ground chart in
Section 12 (Useful Servicing Informa-
tion) will give information as to the
car ground. For example, if the set is
used in a car having the negative bat-
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tery terminal grounded, the positive
(4-) terminal of the ammeter would be
connected to the positive (-}-) test bat-
tery terminal, and the negative (—)
ammeter terminal would connect to the
“A hot” lead from the receiver.

Next, connect a D.C. voltmeter from
the “A hot” lead to the receiver chassis
to indicate the “A” battery potential.

Remove the customer’s vibrator from
the set and insert a known good vibra-
tor. Turn the set on and measure the in-
put current and input voltage.

The service information bulletin ap-
plying to the set gives the normal rated
input current for a certain input voltage,
usually 6.3 volts. If the measured input
current exceeds the rated input current
by more than one ampere (at approxi-
mately 6.3 volts), it is a definite warn-
ing that there is something wrong with
some component of the receiver other
than the vibrator. (See Case History 6.)
If the receiver were allowed to continue
running under an excessive input cur-
rent condition, the vibrator would grad-
ually reach a temperature which would
cause its contact arms to lose their tem-
per, its contacts to finally remain in con-
tact (a dead short) and therefore cause
the fuse to blow again. To prevent this,
turn off the set immediately after the
measurement and check for trouble
from one of the following sources:

(a) Replace the rectifier tube with
one known to be good and check to see
whether the input current is reduced to
normal.

(b) Check the secondary buffer con-
densers for opens or shorts and replace
if necessary with units having the same
capacity.

(c) Check by-pass condensers, espe-
cially those in screen grid circuits, for
shorts or leakage.

(d) If hash by-pass condensers are
used across the elements of the 0Z4
these should be checked.

(e) If a hash by-pass condenser is
used between the “B” plus circuit and
ground it should be checked.

(f) Check the electrolytic condensers
for short circuits.

(g) Check tubes for shorts. Output
tubes are especially likely to develop

short circuits. Also check the bias volt-
age on the output tubes. Low bias volt-
age will cause abnormally high plate
current, resulting in short vibrator life.

When it is certain that the receiver is
in proper operating condition, the cus-
tomer’s vibrator should be re-installed.
If the “B” voltage is at least 90% of
that obtained with a new vibrator, the
unit is still good and need not be re-
placed.

To illustrate the value of this service
procedure, we have ‘included six ex-
cerpts from our case history file. In all
of these instances, the simplified proce-
dure just outlined was employed, and
resulted in a great saving in service
time.

Case History 1—Receiver was
brought in with fuse blown. When new
fuse of same rating was installed it im-
mediately blew out. Vibrator checked
all right. Rectifier tube had short circuit

between plate and cathode. With new

rectifier tube installed the measured
current drain was at rated value and re-
ceiver was put back in service.

Case History 2—The fuse was blown
when the set was brought in. It was
found that the input current of the set
was excessively high, though the vibra-
tor, all the condensers, and all the tubes
were good. Further check showed that
the transformer yielded very little out-
put. When a new transformer was in-
stalled the set input current was reduced
to normal. In other respects the receiver
was all right.

Case History 3—The fuse was blown
when the receiver was brought in. An-
other fuse of the same rating blew out
immediately. Substitution with another
vibrator made the set operative but the
measured input current was abnormally
high. Buffer condenser, rectifier tube,
and filter system all checked good. Re-
placement of output tubes reduced bat-
tery drain to normal value. Examination
of tubes revealed cathode to filament
short in one, and screen to plate short in
the other. These defects had caused an
unusually high current to be drawn
through the vibrator and had gradually
caused its failure. If the receiver had

been re-installed with these tubes still in
use, the replacement vibrator would
have soon suffered a similar fate.

Case History 4—Receiver was
brought in with fuse blown. New fuse
also failed with old vibrator. Substitu-
tion of new vibrator allowed receiver to
operate, but measured input current was
abnormally high, and transformer over-
heated. Checking the dual secondary
buffer condenser revealed one section
having high leakage when tested with
an ohmmeter. Replacement of the buf-
fer reduced current drain to normal
value and cured transformer overheat-
ing. Here again vibrator failure was
caused by defects in some other com-
ponent, and the replacement unit would
soon have been damaged if the operat-
ing conditions had not been corrected.

Case History 5—Receiver was
brought in with a complaint of erratic
operation and short vibrator life. Meas-
urement of input current indicated an
increase over rated value. When the
“B” supply was checked with an ohm-
meter, a partial short was revealed.
Further examination showed that a
screen by-pass condenser had high leak-
age. Replacement of this condenser re-
turned the receiver to normal operating
condition.

Case History 6—In one instance, the
fuse was blown when the receiver ar-
rived, but installation of a new fuse of
the same rating restored the set to nor-
mal operation. The measured input cur-
rent was not excessive and the receiver
operated for a period of 15 minutes be-
fore the new fuse blew out. The installa-
tion of a second fuse again made opera-
tion possible, and the input current
remained at the normal value. However,
after about 30 minutes use the second
fuse went out. Logically, the only cause
for such operation would be a momen-
tary overload such as would arise from
a sticking vibrator or arcing in the rec-
tifier tube. In this case the serviceman
replaced both units in order to be cer-
tain of eliminating the difficulty. Substi-
tution of a known good vibrator or
tube, one at a time, and operation of the
set over an extended period, would indi-
cate which was at fault.
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Vibrator Power Supply Design and Operation

To design a vibrator power-supply

that will give satisfactory performance

under operating conditions, quite a few
factors must first be determined before
proceeding with the selection of design
limits and characteristics. These are
given as follows, and will be elaborated
upon further along in the discussion:

A. The type of battery or power-line
supply from which it is desired to oper-
ate the power unit. This includes the
normal voltage under load and, also the
extremes of voltages to be encountered
during operation, which of course is
affected by the condition as to whether
or not the battery will be on charge
during operation, the type of charger
and its capacity, whether it is voltage-
regulated or not, etc., or if dry-cells or
such are to be used.

B. The type of service for which the
power unit is intended. This includes a
determination of whether the load is a
radio receiver for farm, auto, portable,
or DC power-line use, which of course
ties in with the determination of the
battery supply. The type of service is
important, because the selection of the
proper vibrator type, the expected
hours ‘of life, the need for extra econ-
omy in battery consumption, or in
weight and space, etc., are practically
always based upon these considera-
tions:

C. Considered at the same time as the
type of service is the type of load,
wherein we consider if the output load
is very light, such as in portable or
small farm types of radio sets; light,
as on farm or small auto radio sets;
medium, as on average auto radio or
power-line radio sets; or heavy, as on
deluxe auto radio sets or on transceivers
" and mobile transmitters. The type of
loading also includes determination, in
cases of other than radio receivers’ or
transmitters’ plate power loads, if the
output is to be used as AC directly into
a load instead of being rectified and
used from a “tank™ circuit such as an
electrolytic filter condenser. The oper-
ation of radio tube heaters directly
from a winding upon the vibrator

transformer constitutes an AC load,

which radically affects the vibrator
operation by upsetting the primary
voltage waveform in the transformer—
timing condenser circuit as well as
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being a serious over-load on the vibra-,

tor when started “cold” at the same time
the vibrator is started. A small AC
motor, such as a timing clock mechan-
ism, a beer-coil cleaner device, a dry-
disc rectifier for pin-game operation,
etc. are all samples of AC loads.

In general, a vibrator power supply
for an AC load must be specially de-
signed for the specific application.
However, with DC loads and conven-
tional condenser input filter systems,
standardized Vibrapacks can be used
with perfect satisfaction for all appli-
cations within their load limits. “Vibra-
pack” is the registered trade mark of

P. R. Mallory & Co., Inc., identifying’

Mallory vibrator power supply units.
The designing of a special power sup-
ply for DC load service is warranted
only for large scale quantity produc-
tion where economies through simplifi-
cation of design are practical.
Knowing the type of load and the
type of service, it is possible to .esti-
mate the available voltage at the center-
tap of the transformer and the vibrator,
from experience and calculations, in
case only the battery voltage is given in
the requirements. In the case of a radio
device, for instance, connecting leads,
fuses, “A” chokes for interference sup-
pression, and a switch and wiring are
all interposed between the battery con-
nection and the power unit. Further,
the primary current drawn by the
heaters, speaker-field if any, and vibra-
tor will cause a voltage drop and make
less input voltage available for conver-
sion to higher-voltage rectification. The
output secured is directly proportion-
al to the input voltage available at
the transformer, and therefore we de-
sire to impress upon the reader the ne-
cessity for stating load requirements az
the expected input voliage ot the cen-
ter-tap of the transformer instead of at
a given battery voltage, because the de-
signer ordinarily is not well acquainted
with the details of the primary circuit
in the set. Along the same line of
thought, in the case of a radio device,
the design of the smoothing filter in the
high-voltage DC should be specified un-
less the output voltage is given as meas-
ured at the first filter condenser. The
latter is usually the case, because pres-

ent practice has been to connect the
power-output tube plates and screen-
grids to the first filter condenser rather

than reduce the voltage available by

adding the plate current of these tubes,
or tube, to that going through the filter.
The size of the first filter condenser, at

least, should be noted, since too small a

condenser will cause a drop in output
voltage.

It is necessary to determine the type
of radio tubes being used, if the ap-
plication is not standardized practice;
are filament or heater types used, and
what type of rectifier? If filament type
tubes are used, there will not be any
“no-load” condition existing when the

apparatus is turned on; if heater type.

tubes are used, there will be a no-load
condition existing depending in its
character upon the type of rectifier, its
heating time with respect to the other
tubes if a tube rectifier, etc. If a gas-
eous, cold-cathode type of rectifier is
used, it supplies rectified DC at once

(under proper conditions for ignition, '

of course), but has the characteristic of
high resistance with low load current,
so tends to be self-limiting as compared
to a self-rectifying vibrator. Again, if
this type of rectifier tube is used, mini-
mum values of “striking” voltage are
required, together with minimum
values of load current, for proper ig-
nition and low voltage-drop perform-
ance. The type most commonly used,
the 0Z4, requires a minimum peak
ignition voltage of 300 volts and a min-
imum load current of 30 milliamperes.
If filament types of tubes are used in
the apparatus or receiver, heated from

the same battery from which the vibra-

tor draws its pulsating current, it is

necessary to isolate the filament circuit -

from these pulsations in current (and
therefore variations in filament volt-
age), as outlined previously, to prevent
objectionable hum modulation. An iron-
core choke should never be placed in
the battery supply lead to & vibrator
since the inductance of this type of
choke is great enough to prevent the
proper action of the vibrator in draw-
ing current from the battery. The only
exception would be the use of a pow-
dered-iron, high-frequency type of core
in the “hash” interference choke to im-
prove its performance.
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Readers who are interested in the
practical application of vibrator power
supplies for powering radio receivers,
transmitters, P. A. systems, and for con-
verting AC receivers to battery opera-
tion should write for Form E-555-D on
Mallory Vibrapacks. The very complete
shielding and hash suppression filtering
incorporated in Vibrapacks makes in-
stallation as simple and as easy as the
installation of the conventional AC
power supplies.

Shielding and Ventilating

For vibrator power-supplies to be
used with heavy-duty apparatus, such
as deluxe auto-radio receivers, medium-
power portable P. A. systems, etc., it is
advisable to determine in advance, if
possible, the shielding, ventilation, and
temperature conditions under which
the finished assembly will have to oper-
ate. In all applications for radio re-
ceivers, it is absolutely necessary to
provide electrostatic and electromag-
netic shielding for certain parts of the
power-supply. This prevents radiation
of interference frequencies in the band
of frequencies to be received, or trans-
raitted. Two methods are usually satis-
factory. The one that is ordinarily most
satisfactory is the provision of a com-
pletely enclosed sheet-metal box and

chassis on which are assembled the
components for the entire power-sup-
ply. This sheet-metal is usually of cad-
mium-plated steel, which provides both
electrostatic and electromagnetic shield-
ing. Because the magnetic flux from
the power-transformer sprays to a cer-
tain extent from the core and coils, it is
important that it be as near perfectly
shielded as is possible, because this flux

is modulated with many higher-order

harmonics of the vibrator frequency as
well as the fundamental, and is a
source of hum and interference. Quite
often this shielding takes the form of a
drawn-steel can, a spot-welded sheet-
iron box, or possibly a seamed-folded

tin can, completely enclosing the trans-

former when tightly fastened to the
chassis. This chassis may then be placed
inside of a completely enclosed metal
box, or may itself form a smaller box
inside of which the interference filters,
timing condenser, etc. are mounted,
such as the Vibrapacks shown in Illus-
tions Nos. 21 and 22. In either case,
the final shield box should have such a
design that a complete short-circuited
turn in each plane should result when
the cover is secured in place. This type
of design localizes ground-currents in
the chassis and prevents “hash” fields
from being set up in the radio chassis
caused by common paths for ground

currents and radio currents. The hum-
smoothing filter choke and condenser
can be mounted upon this same chassis,
the shielding of the choke depending
upon whether or not it is in close prox- .
imity to sensitive circuits. The vibra-
tor, of course, is mounted close to the
transformer, as is the rectifier tube, if
used. The universal use of metal shield-
ing containers for vibrators provides
sufficient shielding for this source of
radiated interference, if a good RF
ground is provided for the can. This
is best secured by the use of a ground-
ing cup which consists of a shallow
metal cup secured to the chassis by
the socket mounting rivets, and pos-
sibly by additional soldering. Extend-
ing vertically from this cup are short
spring fingers which wipe tightly
against the can surface. This type of
grounding furnishes unipotential con-
ditions to the can and chassis, and thus
little current flows to produce a radiat-
ing field. Grounding of the can through
a ground-strap or lead from the can to
the reed-pin of the plug (which is
nearly always grounded), provides an
electrical ground, but a comparatively
poor RF ground. This is because the
can potential is held above ground by
the voltage-drop in the socket-connec-
tion, the prong, and the lead from the
socket to chassis ground. This may ap-
pear trivial, but has often been proven
in practice to be quite troublesome,
especially in apparatus wherein com-
ponents are crowded. The rectifier
tubes are practically as bad a source of
radiated interference as the vibrator.
A shielded tube should be used, or
the tube itself located so as to be
shielded or isolated by other compo-
nents. In location, the power-supply
should always be as far removed from
the antenna circuit of the receiver, or
from the high-gain input circuits of the
amplifier, as is possible in the space al-
lowed. Good shielding and isolation of
the antenna coil is essential, and isola-
tion, or shielding, of the primary
power-supply leads and switch is ab-
solutely necessary to secure “hash” free
performance.

The housing design, location of com-
ponents, and ventilation all bear upon
the life and performance of the power-.
supply. Localized heating in the vicin-
ity of the vibrator and electrolytic con-
denser may cause the ambient temper-
ature around these parts to rise to a .

m
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value, under continuous duty, which
will damage them and cause failure.
For this reason, ventilation of the
power-pack is essential, with the loca-
tion of such heat-producing components
as the power-output tubes and the
speaker-field as far from the power-
unit as is possible. Metal heat baffles,
good parts arrangements, and louvres
to provide chimney cooling effects, aid
in this. In cases where the entire
power unit is assembled on the main
chassis, without the sub-chassis pre-
viously described, it is desirable that the
condenser and vibrator be mounted near
the lower portion of the chassis and the
output-tubes, rectifier, and transformer
be mounted above them. This of course
is in the event that the chassis is
mounted vertically instead of horizon-
tally, as in the case of many automobile
receivers. Plenty of ventilating louvres
or holes should be provided in both the
top and bottom, or in the lower por-
tions of the sides, to permit easy circu-
lation of air. The general rule with re-
gard to maximum allowable tempera-
tures has been that the ambient tem-
perature around the vibrator can and
electrolytic condenser must never ex-
ceed 85 degrees Centigrade on continu-
ous operation at the highest input volt-
age that will be encountered in service.
At this point deterioration begins
quickly, so that a value much below
‘this should be provided to insure best
results.
In concluding this description of
Vibrator Power Supplies and the theo-
ries behind their operation, it would be
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well to illustrate the points brought:
forth in the preceding sections with \
physical examples of production unitsj$;

that have been performing satisfactor:
ily in field service. The Mallory Vibra-
packs illustrate the feasibility and
practical performance of the recom:
mendations that have been propounded
herein. Of course, it is realized that
these particular examples represent sep-
arate power units, yet, it is well to re-
member that the same performance
can be secured with an integrally built
power unit if the same precautions and
care are taken in laying out and con-
structing the design.

This remark, of course, is with refer-
ence to factory production models of
commercial manufacture where labora-
tory development expense is an insig-
nificant portion of the total cost of
production. The designing of electronic
apparatus with built-in vibrator power
supply equipment is one of the most
difficult tasks of modern radio engineer-
ing, and to the manufacturer who re-
quires a power supply for some model
which will be carried into limited pro-
duction, or for the amateur or service-
man, the adoption of a separate unit
vibrator power supply, or Vibrapack, is
to be recommended. With these power
supplies the expensive engineering has
already been done, and installation has
been reduced to'merely a matter of fol-
lowing printed instructions.

Illustration No. 19 shows three de-
signs of individual power units con-
structed along the recommended lines.
From left to right is a heavy-duty
tube-rectifying unit, a heavy-duty self-
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rectifying unit, and a dual tube-recti-
fying extra-heavy-duty unit. These de-
signs illustrate the closed-chassis type
of construction, the shielding of thé
transformer and vibrator, and the use

THE MYVE\TECH;NICAL MANUAL

of a tap-switch originated by Mallory
to efficiently adjust the output voltage

> on the single-vibrator units.

Parallel Operation

It is interesting to note in this con-
nection that it is entirely practical to
operate two or more similar vibrators
in-parallel to secure additional output

" from a power-supply unit. These may

be either tube or self-rectifying types,
each type having its own advantages.
The self-rectifying unit delivers power
instantly without added filament-heater
battery drain or tube plate-drop, but,
when used with a load having heater-
type tubes, has a high no-load voltage
condition to contend with. The inter-
rupter type unit can be used with cold-
cathode rectifier tubes, such as the 074,
to deliver instantaneous power to the
load, with some self-regulating effects
on no-load, and no additional heater
drain. With heater-type rectifier tubes,
the no-load condition can be con-
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trolled at the sacrifice of somewhat
higher battery drain. By using identi-
cal transformers and circuits, commer-
cially similar vibrators can be operated
into their individual circuits and the
outputs paralleled. It is usually wise to
operate into a high capacity first filter
condenser, or individual filter units, in
order to reduce the “beating” between
the units. Individual filter units also
tend to equalize the loading upon the
two or more power units comprising
the power-supply, and this is a require-
ment when operating with Type 0Z4
rectifier tubes in order to get each to
carry load current.

The design of the primary circuit
hash filters, etc., is very important
for satisfactory operation. Individual
hash chokes and condensers, fuses, etc.
should be used to keep the common
path for primary current to a minimum
of both length and resistance. The
heavy pulsations in the primary cir-
cuit beat against each other, creating
a tendency for erratic vibrator opera-
tion and short life, combined with er-

ratic output. With common chokes,
fuses, etc., the interference between vi-
brators is usually so bad as to be ob-
jectionable. Illustration No. 24 shows
the oscillographic pattern resulting
from the measurement of input current
to a dual vibrator power unit under
full load, neglecting the slight vari-
ations caused by magnetizing currents
to the two transformers. In the upper
diagram is represented the result of
equal loading of the two vibrators, but
with different frequencies, while the
lower diagram shows the result of un-
equal loading and different frequencies
also. This difference in frequency may

* Section 4

be somewhat magnified for the purpose
of illustration, being 8 cycles in 120,
but would be quite possible in pro-
duction. This would result in approxi-
mately 24 heavy beats a second with a
very irregular ripple-beat the remain-
der of the time, as illustrated. The oper-
ation of three, or more, vibrators in
parallel would result in still worse beat-
ing, both in the input and output.
Careful laboratory investigation
shows, however, that if the input and
output circuits of a multiple unit vibra-
tor power supply are properly isolated,
the effects mentioned in the preceding
paragraph are minimized to a point

e et PR

F1c.23

79



s

Secﬁon 4

/

"THE MYE TECHNICAL MANUAL

280 280
-
240 -~ 24 P .
- g 0 N~ N ~
» ~ '\6-6[,
T~ 5 i S X O
& N~ B4 Laport )
‘é’zoo\ 200 SSoPRG >
jr ~ ~ S. ~ ™~
o ~ s v E . ~~ ~
|.>- \\4.31,‘/”\\ 8 M~ \\w
£ 160 501 2N 160 = =ldy =
T~
I~ -~ I~
o \\w ~ - 20U} [~ .
= — - I~ 6.0 1 T
— T — SV, ~J M~
120 = [ 63V, jrrur 2 120 =
oy~ Il '
= ——1 TAPS 2 & 4
80 80
TAPS 1 & 3 5
@
4 /92-—~v5 4
2 ol % e
g 3 -, 3
a / =
3 > ‘ Z 2
§ I / , /
F4 =
0 20 40 60 80 100 ) 20 40 60 80 100

OUTPUT MILLIAMPERES

Fic. 25A—OPERATING CHARACTERISTICS OF VP-551

where they are unobjectionable. Each
vibrator then assumes its normal por-
tion of the load so that satisfactory vi-
brator life is secured; and the combined
power output is amply smooth for any
practical application. This fact has
been amply substantiated in actual serv-
ice by the performance records of dual
Vibrapacks types VP-555 and VP-557
which are widely used under heavy load
" conditions to operate police mobile
radio *ransmitters, etc. =

Fusing

While all vibrator power units should
be fused for protection to the various
components and the battery, it is essen-
tial that dual units be individually fused
with the proper fuse. There are two
reasons for this. There is an appreciable
amount of resistance to a fuse and its
holder. The use of separate fuses pro-
vides additional isolation for the two
halves of the supply through the elimi-
nation of common ‘impedance. But a
more important consideration is the
fact that should failure of any com-
ponent render inoperative one side of a
dual pack, the fuse for the other section
will blow and thus prevent a single
vibrator from assuming the full load of
the entire power supply. It is obvious
that a single section of a dual power
supply could not supply double output
for an extended period of time without
being damaged.

80

Chassis Construction

Illustrations Nos. 20, 21, 22,/show
the methods of assembly and construc-
tion for the interior of the Vibrapacks

illustrated in the previous photograph.

Fig. 20 shows the tube-rectifying type
with tap-switch, and “A” hot, “B” plus,
and “B” minus RF or hash filters. Of

course, the tube-rectifying type is in-

tended primarily where “B” minus is
desired off of ground potential. Fig. 21
shows the self-rectifying type with tap-
switch and RF filters while Fig. 22
shows the same type of power unit for a
singlerange of voltage output, therefore
not requiring the tap-switch. Fig. 23
shows the interior arrangement of a
dual power unit, with individual pri-
mary RF filters, fuses, and output resist-
ance smoothing filter. Anindividual con-
nection and filter is provided for the
tube heaters so that they may be con-
trolled separately’ with the heaters of
the tubes in the amplifier or trans-
mitter.

While the output characteristics and
input loads corresponding to same are
shown in Illustrations Nos. 25, 26, 27,
circuit diagrams representative of the
three types of Vibrapack power units
are shown in Illustrations Nos. 28, 29,
30 on pages 83 and 84.

Operation of Vibrapacks on AC Lines

Considerable discussion has oc-
curred at times regarding the operation
of Vibrapack type of power units on
AC power lines. The possibility of sup-

plying an additional primary winding
on the vibrator transformer for con-
nection to 115-volt AC lines has been
suggested, and in some instances done.
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The additional AC winding requires
considerable window space in the trans-
former, and a winding for operating
the tube heaters is required unless type
0Z4 tubes are used. It is felt that for
the occasional use to which this wind-
ing would be put, its extra cost, space
requirements, and other complications,
do not warrant its use. It has been
determined that, if a step-down AC
transformer is provided, which will
supply 10 volts AC, RMS, 60 cycles, at
the load current required, easy adapta-
tion of standard 6-volt tube rectifying
power units will be possible to 115-volt
AC line service. This 10 volts is applied
to each transformer, across the entire
primary, by removing the vibrator and
plugging in instead an adaptor having
the AC cord connected to the two small
pins of the standard interrupter vibrator
base, or to the equivalent pins of an un-
conventional base, should one be used.
The value of 10 volts is used instead of
the 12.6 volts DC value for the whole
primary winding because of the differ-
ence in waveform between the sine-wave
AC and the square-wave DC. The tube
heaters, if desired, may be run from
the same AC source with a dropping
resistor to reduce the voltage to the cor-
rect value. This method allows maxi-
mum efficiency to be secured from the
vibrator power unit when operating
from DC, and thus the maximum out-
put with safety, and still permits AC
operation without complicated switch-
ing means, etc. )

Circuits for
Special Applications

Illustration No. 31, page 84, shows a
circuit diagram_ for accomplishing the
same purpose as that just discussed, that
is, operating a radio receiver from both
battery and AC sources. This circuit
was developed several years ago for
use with household receivers where no
power-line service was available, but
where the owner might have same be-

360

fore the usefulness of the receiver was
gone. In this case a high-voltage AC

- winding was included, controlled by a

two-position switch which also con-
trolled the primary DC circuits simul-
taneously. The heaters were run from
the battery when on DC operation, and
from a portion of the DC primary when
on AC operation, thus eliminating one
winding. It is also not necessary to re-
move the vibrator from the socket when
operating in this circuit.

Illustration No. 32, page 85, shows a
circuit diagram for a Voltage Doubler
system developed to permit higher out-
put voltages than are permissible with
the commercial type of self-rectifying vi-
brator orlow-heater-power rectifier tube.
The application usually involves low out-
put current, with a medium wattage, and,
therefore, the unit may safely be sup-
plied by a single vibrator. The two rec-
tifier tubes must have individual heater
windings upon the transformer, in or-
der to protect them from voltage break-
down, but a tube similar to the 6Z2Y5G
with only 0.3 amperes drain, or 1.8
watts apiece, can usually be used, thus
reducing the AC loading upon the vi-
brator, and permitting fairly satisfac-
tory life to be realized. The output
voltage is therefore limited by the plate
to cathode breakdown voltage charac-
teristics of the tubes.

The circuit diagram shown in Illus-
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tration No. 33, page 85, gives a satisfac-
tory method of operating one vibrator
power-supply on more than one voltage
input. The percentage voltage range
covered should not be too great, or too
large a per cent of the input current
will be coil current, in as much as the
coil of the vibrator must be wound for
the lowest voltage of operation. This
high current on the highest input volt-
age has the tendency to unbalance the
primary magnetization characteristic.
The unit shown was developed to pro-
vide a power source for operating 110-
volt DC razors from a 6-, 12-, or 32-
volt battery, using a self-rectifying vi-
brator. By using a more complicated
switching means, the primary could be
made a series-parallel arrangement for
6- and 12-volt operation, reducing the
transformer slightly, but in this case it
was not felt to be worth the involved
switching required. R, and R, are re-
sistors switched into the coil circuit to
permit operation on the higher volt-
ages, with C, used to by-pass the AC in
the coil circuit.

Tllustrations Nos. 34 and 35, pages 85
and 86, are circuit diagrams for invert-
ers to supply AC output voltage from-a
DC source, usually 110 or 220 volts DC.
The former is a simplified circuit using
the shunt-type of vibrator capable of car-
rying a medium load, with R, being the
series coil resistance, (this type of vi-
brator requires a coil of such high
resistance that small enough wire to
attain same in the regular coil -dimen-
sions is not practical), and C, being the

182

AC by-passing condenser. C, are pri-
mary point condensers of very low ca-
pacity, and C, is the timing capacity.
When operating into an AC load, it is
necessary to know the type of load,
(whether capacitive or inductive), and
its value before being able to accurately
set the values for C; and C,, as well as
design the correct transformer. For
operating into a resistance load, similar
to the power-supply of an AC radio re-
ceiver, the primary voltage waveform

becomes as shown in Illustration No.
35.

MANUAL

Vibrator Wave Form
with AC Load

Here it is seen that as soon as the
contacts open, at the break, the load
which is connected to the transformer
drains the power from the circuit be-
yond the capacity of the timing con-

denser to supply. This reduces the volt-°

age across the primary to zero, thus
closing the contacts, at the make, with
the full input voltage across them.
Naturally, this condition is somewhat
detrimental to good vibrator perform-
ance and life. An inductive load applied
to the transformer creates a worse con-
dition, and therefore, unless compara-
tively light, is not a recommended, or
approved, load for a vibrator-powered
inverter. Operation of motors, etc., uni-
versally results in damage to the vibra-
tor unless the inverter is expressly de-
signed for that purpose, because of the
extreme starting load imposed by such
devices.

The final circuit diagram of Iilustra-
tion No. 36, page 86, shows an inverter

" using a larger, separate-driver type of

vibrator, capable of handling higher
powers than the one just described. In
this case the coil requires no added re-
sistance for 110 volts, but does require
same for higher voltages, being R; in
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the diagram. In this circuit a trans-
former and switching arrangement is
provided for operation on either 110
or 220 volts DC, with C, being the
timing condenser and C, the point con-
densers. C; and R; are used across the
driver-contacts to prevent erosion and
transfer. Again, the primary may be
made a series-parallel arrangement
with more involved switching.

Other possible applications will come’
to mind of the reader. Among them will
be the operation of neon (and other
luminous gas) tubes as signs, warnings,
etc. This has been done very success-
fully in the past by means of high leak-
age inductance types of transformers,
similar to the AC types used for the
same purposes, wherein the tube is ig-
nited by the high induced voltage of the
unloaded secondary but which has its
maximum load current controlled by
leakage strips of transformer iron in-
serted in the window between the pri-
mary and the secondary windings which
are wound in separated coils. This type
of construction furnishes magnetic
shunts which limit the output.

Future Developments

From all this, it will be evident that
the design possibilities and the field of

application for the vibrator power sup- -

ply have been barely touched. What the
future may bring, no one knows. Each
year brings new applications wherein
the vibrator power supply serves better
than any other forms of power conver-
sion equipment. The Mallory Labora-
tory is always on the alert for new
developments, and progress is governed
only by the necessary economic consid-
eration that the potential market justi-
fies the development expense.

* Section 4

RF Interference
Suppression

Perhaps the biggest “bugaboo” or
difficulty in the application of Vibrator
power-supplies to radio receiver oper-
ation, even for engineers and designers
experienced in the art, is the matter of
RF interference suppression. Funda-
mentally there are only a few basic
rules that must be observed, with a
considerable number of variations that
must be predicated upon the nature of
the particular application under con-
sideration. In other words, methods
that would be ideal from the standpoint
of suppression may not be practical
from the standpoint of cost in low-
priced receivers, methods that may be
used on heavy current drain power
units may not be acceptable on light
power applications where efficiency is
important, and in general some com-
promise is usually necessary.

These basic fundamentals can be
listed as follows, although probably
none are more important than others:
First, proper and complete magnetic
and electrostatic shielding of the com-
ponents of the power unit and of the
complete unit; second, proper selec-
tion of grounds in both the power-unit
and the receiver to reduce or eliminate
coupling and radiation; third, proper
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cuit to provide satisfactory suppression.
In general it can be stated that the de-
gree of difficulty in manufacturing a
receiver built in any of the above man-
ners is directly proportional to the
elimination of shielding in the direction
of the steps outlined. Quite a few re-
ceivers of the last type mentioned have
been produced in large quantities, it is
true, but in order to secure satisfactory
uniformity after production started, ex-
perts devoted many hours of additional
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Selection of Grounds

Universal rules for the placement of
grounds cannot be given as hard and
fast methods, because each design of
receiver must be considered as a sepa-

SMOQTHING CHOKE

It is usually desirable to ground the
filament, or heater, “string” at one
point on the receiver, and to avoid
a loop effect formed by the “hot”
filament leads and this ground. Often,
dividing the flow of filament current
from a mid-point on the string will be
of assistance in preventing “hash” in-
terference being carried into the high-
sensitivity end of the receiver. Selec-
tion of a ground on the antenna circuit
out of the region of any possible stray
field from the power unit is extremely
important.

TYPICAL CIRCUIT FOR DC/AC INVERTER USING
TYPE 90 OR 627 SERIES VIBRATORS g

TRANSFORMER

45 8

rate problem. In general, it is wise
however, to have just one ground in the
power unit, if possible, at least for the
“A” or primary circuit components.
Another ground for the “B” circuit is
often permissible, as the magnitude of
the current in this circuit is such that
small radiation or ground currents can
be expected. If a separate power unit is
being used, this should be grounded to
the receiver chassis at one point only,
selected if possible to prevent a loop
being formed by the “hot” “A” lead
and the ground, or chassis, and to

—— Cz

M

ground as far from the RF end of the
receiver, or antenna coil, as is possible.
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Filtering of Leads

The term proper and complete filter-
ing of the leads to the power unit may
be interpreted several ways. Naturally,

there is never an excuse for increasing
the number and cost of the filtering
components used over that required for
the purpose in question. Each case
must be considered again as an indi-
vidual problem, yet there are certain
components that MUST be used as a
minimum for hash suppression. The de-
sign and quality of these components
are important factors, yet all types from
poor to excellent are often selected with
only the thought of cost, size, or avail-
ability as the determining factor. The
minimum amount of filtering takes the

form shown in Illustration No. 37 in’

whichvan RF “A” choke is inserted in
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series with the center-tap lead of the
transformer, with a paper by-pass con-

.denser connected from the center-tap to

ground, and a second by-pass con-
denser is connected from the “B” plus
high-voltage to ground. On receivers
with low sensitivity this may be suffi-
cient, even with low grade components,
but as the sensitivity and compactness
of the receiver increases, the effective-
ness decreases. The choke usually con-
sists of a multi-layer coil of No. 16 or
smaller wire, with the “A” by-pass a
condenser of 0.5 mfd. The “B” con-.
denser is usually from .01 to..1 mfd.

Compare this circuit with the one
shown in Illustration No. 38, which
shows an improved form incorporating
the features found in latest receiver de-
signs, including improved chokes and
condensers. Choke No. 1 is now a spe-
cial bank-wound design instead of the
multi-layer type, and, while having ap-
proximately the same number of turns
and physical size, has much greater sup-
pression power at radio frequencies
because of the elimination of high dis-
tributed capacitance between layers.
Choke No. 3 is similar in construction
but may be of smaller wire size, since
voltage drop to the heater string is not
as important as to the vibrator. Choke
No. 2 is usually a single-layer coil of
comparatively small number of turns
used primarily for ignition suppression.
However, in conjunction with its con-
denser it also aids in hash suppression.
Chokes Nos. 4 and 5 are small RF
chokes of small wire for hash suppres-
sion in the plate circuit leads, with
Choke No. 5 used where B minus is not
at ground potential.

Condenser No. 1 is the primary buf-
fer condenser, required on 12-volt or
higher input voltages, but which may
take the form of an optional mica con-
denser on some 6 volt or lower appli-
cations for hash suppression. No. 2 is
the timing capacity, in series with a
medium size resistance, as outlined pre-
viously, or in the optional arrangements
shown as dotted lines. No. 3 is a pat- -
ented type of hash-suppression RF-con-
denser (Mallory Types RF431, RF482),
which definitely eliminates the induc-
tance loops formed by the leads on or-
dinary condensers.. It will be noted that
the primary current to the transformer
and from the reed of the vibrator must
flow directly across the plates of the
condenser, this being the best possible
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means of securing a short-circuited path
for the RF currents. The vibrator reed
is grounded after the condenser in this
method, as shown. No. 4 is a special
type of condenser developed recently,
and known in the trade as a “spark-
plate,” since its first application was
for the use of eliminatng ignition in-
terference without reducing signal
strength, etc., in the antenna circuit.
Naturally its capacity is very low, but
the lack of inductance in its leads, and
close proximity to ground create an ex-
cellent RF filtering device. Originally,
this condenser took the form of one or
more plates of metal separated by fish-
paper insulation -and riveted to the
chassis. The current was fed in one end
and out the opposite end of the plates,
in the same manner as No. 3, thus elim-
inating the inductive effects. No. 4 has
taken the form of a small mica insu-
lated condenser which is soldered, riv-
etted, or screwed to the chassis, and has
been found to give excellent results in

difficult cases of hash elimination. No. -

5 and No. 6 are ordinary RF by-pass
condensers, but may be of paper or
mica construction as the case demands.
Ordinarily, little difficulty arises from
interference arising in the “B” circuit,
because subsequent filtering in various
parts of the receiver is usually sufficient
to minimize this source of difficulty. As
pointed out previously, where a cold-
cathode rectifier tube is used, No. 7
condensers may be required if sufficient
filtering is not provided in the “B” cir-
cuit.

Two additional pointers are shown,
which may be of service in hash elim-
ination. It is usually desirable to con-
nect the “hot” rectifier heater terminal
to the center-tap of the transformer

rather than to the heater string, unless
this involves carrying a long lead into
the receiver proper. The rectifier tube
is always “hot” with interference and
enough may be conducted through the
heater connection to nullify all of the
other filtering provided. The use of re-
sistors R, across the contact points of
the vibrators has great benefit in reduc-
ing, or eliminating, the type of interfer-
ence known in the trade as “pop hash,”
that being the sharp intermittent vari-
ety, in contrast to the “tone hash” which
is the continuous, more or less regular,
type. The value of these resistors will
vary in different applications. Where
input current is not so important, as in
automobile receivers, or where chargers
are available for the battery, values

CONVERTER 1.
6D8G

DET AVC. AUDIO
8L5G 657G

from 50 to 200 ohms have been used,
with probably 100 ohms being average.
This is for 6-volt applications; where
12-volt applications would require re-
sistors, approximately four times the
6-volt resistance is required to limit the
wattage to the same value, and for
higher voltages, the required size of the
resistance removes its effectiveness.

In general, where a design requires
intense hash elimination work, the best
rule is to provide every bit of suppres-
sion that is available and secure quiet
operation. Then, remove one compo-
nent at a time until a change in inter-
ference level is noted, then replace that
particular part, and proceed. It is a
practical impossibility to judge the
value of a single component by insert-
ing it alone when the interference may
be arising from a number of omissions,
or locations. Care should be taken that
the resistance of the vibrator “A” cir-
cuit be kept as low as possible, in order
to secure good starting, good efficiency,
and regulation. Added capacitors are
to be preferred rather than added
chokes.

Long-wavelength (low-frequency)
bands in communication or “all-wave”
receivers are usually the most trouble-
some to completely cure of hash inter-
ference. Here additional chokes and
high capacities are usually required
along with the other suggestions given
above.
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Bias Supply Systems

Offhand it may seem a bit unusual
that a treatise on Vibrators and Vibrator
Power Supplies would treat grid bias-
ing methods of radio receivers. However
the widespread usage of the deservedly
popular synchronous or self-rectifying
vibrators has led to the adoption of new

CONVERTER | F
8D8G

’(5(56“——

6VvO LT

"

biasing methods, necessary in vibrator
power supplies employing synchronous
vibrators because 'B— must be at
ground potential, and consequently bias
resistors cannot be inserted in the high-
voltage negative lead of the power sup-
ply system. When heater type tubes are
employed, conventional cathode resist-
ors will provide bias; but when for rea-
sons of current economy in farm and
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portable receivers filament type tubes
are employed, one side of the filament
or cathode circuit automatically be-
comes connected to B—.

Very successful solutions have been
made to the problem, and the discussion
following will make clear the principles
employed so that service procedure can

- be confidently carried on in a logical

manner.

Types of Tubes

In using vibrator operated power-
supplies to furnish plate voltage for
portable and battery-operated radio re-
ceivers for farm homes, or for places
where no AC power is available, cur-
rent consumption must be held to a
minimum to secure good life from the
batteries. Tube manufacturers have de-
veloped a considerable number of spe-
cial types of tubes for this class of
service with the general characteristic
of low filament or heater power, and
comparatively low plate and screen
power requirements. The cathodes of
these tubes are both indirectly and
directly heated in various tubes, being
either the common ‘heater” construc-
tion or filament types. Filament volt-

ages are 1.4 and 2.0 volts, and heaters

are 6.3 volt types. Quite often these
types of tubes are mixed in a receiver
for various reasons to obtain special
results.

Where the same cells of the battery
supply both the vibrator and the fila-
ments of the tubes, it is usually neces-
sary to isolate the filament “string,” or
circuit, from the effects upon the bat-
tery of the hum “ripple” voltage im-
pressed upon it by the vibrator pul-
sations, as illustrated at a later point.
This is usually done by placing an iron-
core choke of low resistance (similar
to the voice-coil winding of an output
transformer), in the power lead to the
filament supply. This must not be in
the vibrator circuit. Quite often it is
also necessary to connect from the fila-
ment side of this choke a high-capacity,
low-voltage electrolytic condenser, of
at least 1000 mfd., to ground or to the
other side of the filament circuit. This
filtering is usually not necessary if all
the tubes are of the heater-type unless
the system has unusually high gain, in
which case it may be that the first tubes

[ =SSO S
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in the amplifier will require isolation.

Complements of tubes used in typical
radio receivers for this class of service
include types requiring: 6.3 volts for
the heater at currents of 0.40, 0.30, and
0.150 amperes; 2.0 volts for the fila-
ment at currents of 0.120 and 0.060
amperes, and 1.40 volts for the fila-
ment at currents of 0.100 and 0.050
amperes. The maximum plate voltages
used are under 200 volts on the older
receiver designs, and as low as 60 volts
on recent portable units.

Circuit Diagrams

Shown in Illustrations Nos. 39-48,
are simplified circuit diagrams of the
tube complements, vibrator power-
units, filament or heater circuits, and
bias circuit connections for ten produc-
tion models of battery-powered home
radio receivers that have been produced
in recent years. These diagrams offer
wide variety of combinations of tubes
and biasing methods that permit the
satisfactory operation of these receivers
with a “solid-reed,” self-rectifying, vi-
brator power-supply in which the “B
minus” connection must be at supply-
battery potential.

All Heater Type Tubes

The circuit shown under Fig. 39 illus-
trates a receiver equipped with all 6.3
volt, heater-type tubes of various
heater-current requirements. The Vi-
brator power-supply is conventionally
built into a separate unit consisting of
a sheet-metal box grounded to the radio
chassis at one point. A separate Type
6L5G. tube is used for Second-Detector
and AVC supply and a Type 6S7G tube
is used in addition for the lst-Audio
Amplifier tube. All of the heaters are
connected, of . course, directly across
the 6-volt battery. Bias voltages (nega-
tive) for the control grids are secured
for the converter, IF-amplifier, and
power-output tubes by self-biasing re-
sistors in the cathode circuits. The first
audio tube is biased by means of a
Mallory Bias Cell, which is a primary
battery type of unit with extremely high
internal resistance, which generates ap-
proximately 1 volt on open circuit. It
is interesting to note here that a drain

R F CONVERTER
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of only several micro-amperes will re-
duce the voltage read across the termi-
nals of the cell, and thus a vacuum-tube
type of voltmeter is required to accu-
rately measure the cell. However, in
the  grid-circuits of radio receivers, no
current drain is required, and an AC
current passing through the cell does
no damage to it, perhaps charging it
to a slightly higher voltage. A short-
circuit to the cell for a short period does
not damage it either, and the voltage
will rise to the original value as the cell
recovers. However, it is not recom-
mended for use as bias for the output

stage, inasmuch as continuous (DC)
grid-current flow will change the cell’s
characteristics to too great a degree for
satisfactory performance. To conclude,
the second-detector tube, being a
diode, does not require grid bias. In
most respects, this design of receiver is
similar to most automobile receivers in
which vibrators have been used for
many years.

The circuit in Fig. 40 is quite similar
to that of Fig. 39, with two major
changes. The two. tubes used for
second-detector, AVC, and 1st-audio in
Fig. 39 are now combined into one tube,

R F CONVERTER IF DET AVC AUDIO DRIVER POWER
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the Type 6T7G, and the negative grid-
bias supplied by the Mallory Bias Cell
for the 1st-audio tube is now omitted,

this circuit now being controlled by a -

10 megohm resistance. ‘

The circuit shown in Fig. 41 is a
further variation of Fig. 40, in the man-
ner of securing fixed bias for the tubes
other than the Ilst-audio tube. The
cathodes of these tubes are now
grounded, as is the positive side of the
6-volt battery. The output-tube con-
trol grid connects to the negative of the
battery for a bias of minus 6 volts.
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1Ce 34

A+

* DIODE DET.
30

The converter and IF-amplifier tubes
connect to the same point through a
voltage-divider to secure the desired
bias, and the diode of the AVC circuit
also receives a certain negative bias
from the same source. Iron-core “A”
circuit chokes are shown in the power-
unit, but it should be pointed out that
these are of the high-frequency pow-
dered-iron type, of comparatively low
inductance. The iron permits the use of
fewer turns of wire, making for a
smaller choke with lower primary-volt-
age drop.
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Fig. 42 also shows a receiver with all
heater-type tubes, but with a zero-bias,
“Class-B” dual output tube substituted
for the previously shown biased-type
tube. This tube requires a driver tube
preceding it to secure the maximum
power-output which it is capable of de-
livering. The other tubes are biased as
in Fig. 40.

Heater and Filament Type

Tubes in Combination

In the circuits shown in Fig. 43 and
Fig. 44 it will be observed that a com-
bination of heater-type amplifier tubes
and filament-type power-output tube
has been adopted, the latter being the

Type 19, a “Class B,” dual output tube. -

The Mallory Grid-Bias Cell is again
used 'for negative-bias on the lst-audio
tube control-grid in each circuit. The
difference between the two circuits is
that in Fig. 43 the output tube oper-
ates at zero grid-bias (inasmuch as the
filament dropping resistor is on the
positive side of filament), while in Fig.
44 the output tube operates with 4 volts
negative bias (because the filament
dropping resistor is now in the nega-
tive side of the filament, raising the
filament 4 volts positive above ground
with the control-grids connected to
ground). The Type 19 is primarily in-
tended for zero-bias operation; there-
fore, the use of the negative 4-volts bias
in Fig. 44 is for the purpose of further
reducing the “no signal” plate current.
In each circuit it is again necessary to
provide a driver tube preceding the
power-output tube to provide sufficient
energy to attain full audio power.

Fig. 45 circuit diagram shows a com-
bination of one 1.4-volt and six 2.0-
volt filament type tubes operated from
a 6-volt battery. This circuit shows the
simplest method of using this type of
tube, with each having its own filament
dropping resistor, but it should be
pointed out that the maximum conser-
vation of battery current is not attained
to any degree with this system, in con-

trast to the possible series-parallel com- .

binations which could be made. No
hum-filtering for the filaments has been
provided other than the dropping re-
sistances. In the biasing of these tubes

i
|
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you will note a similarity to some of the
preceding diagrams. The power-output
tube is operated at zero-bias, again be-
ing the type 19. The Mallory Bias
Cell is again used for negatively biasing
the 1st-audio tube control-grid, but in
addition adds one volt to the bias of the
driver tube control-grid, which receives
in addition 4 volts negative from the
fact that the filament dropping resistor
for this tube is on the negative side of
the filament.

The circuit shown in Fig. 46 is de-
cidedly different from the others shown,
in that a combination of filament-type
amplifier tubes and a heater-type
power-output tube is used, and in that
a series-parallel filament circuit is used
to conserve battery current and secure
bias. The oscillator and second-detector
tubes are in parallel, as are the con-
verter and IF-amplifier tubes, with the
two groups in series. An equalizing re-
sistor is placed in parallel with the first
group to secure equal current and volt-
age distribution. The remaining 2 volts
of battery is dropped in the filament
iron-cored choke used for hum-elimi-
nation, as shown. The converter and
IF-amplifier tubes receive control-grid
negative bias by returning the grids to
the filament choke, thus securing nega-
tive 2 volts bias. A Mallory Bias Cell is
used for the Ist-audio control-grid,

while self-bias is used for the heater-
type output-tube.

All Filament Type Tubes

The circuit of Fig. 47 shows a tube
complement of all 1.4 volt filament type
tubes, with push-pull triode power-
output tubes. Here again the full con-

2ND DET

CONVERTER \F
1c76 1D5G 1H4G

1ST AUDIO DRIVER
IESGC
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servation of battery current is not at-
tained, with all filaments in parallel, the
remaining 4.6 volts from the battery
being consumed in the series combina-
tion of resistor and iron-cored filter
choke. A high-capacity filter-condenser

- has also been used in this receiver in

combination with the filament choke
for better hum-elimination. Two volt-
age dividers are placed across the 6-volt
battery to provide various bias voltages
for the control-grids of the tubes, with
the positive of the battery grounded.
The divider for the “RF” end of the
receiver is high in resistance, totaling
11 megohms, while for the audio end
of the receiver the divider is compara-
tively low in resistance, totaling 6000
ohms. This system provides a maximum
of 4.5 volts negative for biasing the
output tubes below the filaments. Again
a driver tube is required preceding the
output tubes. ~

The final circuit shown in Fig. 48 is
considerably different from the others,
and in many respects is the best from a
power-supply standpoint. One cell of
the 3-cell, 6-volt storage battery is used
exclusively for heating the filaments of
the tubes. The other two cells of the
battery are used exclusively for oper-
ating a 4-volt vibrator power-unit. This
isolates the filament circuits from the
pulsations impressed upon the battery
by the vibrator, and, by grounding the
negative side of the filament circuit,
permits the 4 volts of the battery used

OUTPUT OUTPUT
1H4G 1H4G iH4G
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for vibrator power to be used for bias- resistor-capacitor network, it could be  single Mallory Bias Cell provides suffi-
ing the control-grid of the output tube.  used as bias for the other tubes also.  cient negative bias for the tubes re-
By filtering' this voltage through a . However, in this receiver the use of a  quiring it.

1e76 Ipse ipsc 1F76 1F5G

I'I
n[l

At

MALLORY
BIAS CELL

VIBRATOR

L3

Features of vibrators illustrated and described in the preceding section are covered by U. S. Patents 2,187,950,
2,190,685, 2,197,607 et al. of P. R. Mallory & Co., Inc.
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PHONO-RADIO SERVICE DATA

Crystal Pickup Installation

A large portion of present day phono-radio
combinations (either built as a single unit
or radio receivers converted by the use of
record playing apparatus) employ crystal
pickups. Since the pickup medium is actually
the heart of the reproduction system, the
first logical step is to become familiar with
the characteristics, operation, and care of
these units. The following discussion illus-
trates these points.

1t you are called upon to select and install
a crystal pickup for record reproduction you
have available a considerable choice of styles,
types and prices. The final quality of repro-
duction, however, depends not only on the
pickup itself but also on the method of in-
stallation. The response of the very finest
crystal pickup can be ruined by failure to
observe a few basic, simple installation pre-
cautions. Actually, proper installation is a
simple matter, and by following the sugges-
tions in this article, you should obtain the
really fine reproduction for which quality
crystal pickups are noted.

Electrically the crystal is the equivalent
of a condenser with a capacity of about
1,500 mmifd. The impedance of the device,
therefore, is quite high (100,000 ohms at
1,000 cycles and 1 meg at 100 cycles) and
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the lower the frequency, the higher the im-
pedance. Instead of a power generator, the
crystal pickup may be thought of as a
voltage generator which requires a very
high-impedance load so that the greater part
of the generator voltage, at all frequencies
of interest, will appear across the load.

Terminal Impedance

Since the impedance of the pickup is high-
est at low frequencies, it is evident that the
choice of load resistance will directly govern
the low frequency response. This effect of
terminal impedance on low frequency re-
sponse holds regardless of any other consid-
erations. It is inherent in the use of the
crystal with its capacitive internal imped-
ance. Crystal microphones, of course, display
the same effect.

Fig. 1 shows how the terminal voltage is
affected by load resistance alone for a crystal
of 1,500-nrmfd. capacity. A resistance of
5 meg introduces practically no frequency
discrimination while lower values reduce the
low-frequency response as shown.

Fig. 2 illustrates the effect of load re-
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Fic. 1. Since the impedance of the crystal pickup is highest at the low frequen-
cies, the choice of load resistance will directly govern the low frequency response.
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sistance on the response curve of a repre-
sentative high-quality pickup. Experience
has shown that for home reproduction on
sets with good speakers, most listeners prefer
the elevated bass response obtained with
terminations of 0.5 meg or more, and there-
fore the service man should make certain
that the point of connection to receiver or
amplifier presents a sufficiently high resist-
ance to the crystal pickup. On the other
hand, if the speaker is very small, elevated
bass response in the pickup is likely to result
in bad distortion due to excessive speaker
stiffness and poor radiating ability at low
frequencies. In such cases, the practical solu-
tion is to reduce the bass response of the
pickup until the overall performance is suit-
able. Try 0.5, 0.25 and 0.1 meg terminations
until the best results are attained.

Since the crystal is a capacitive generator,
the effect of shunt capacity is merely to re-
duce the voltage output of the pickup uni-
formly at all frequencies. No frequency dis-
crimination is introduced by capacity only.
Actually, however, the use of a resistance
potentiometer volume control, in the pres-
ence of various circuit capacities, may intro-
duce some high frequency loss. This, how-
ever, also occurs with sources other than
crystal pickups. The effect can be minimized
by methods which will be discussed.

Many modern receivers have input termi-
nals which will accommodate a crystal pick-
up. The arrangement is frequently as shown
in Fig. 3 where the receiver volume control
is a potentiometer in the first a-f grid circuit.
The phono-radio switch simply shifts this
potentiometer from the phono input termi-
nals to the detector output and vice versa.
The receiver volume control also controls
the volume on phonograph. The potentiom-
eter should have a resistance of 0.5 to 1.0
meg as explained previously for proper bass
response. Sometimes tone compensating cir-
cuits are tapped into the potentiometer. They
will not ordinarily affect the phono repro-
duction adversely, but if the quality of re-
production is poor, or if the frequency
response appears to vary considerably as
the volume control setting is varied, it is
advisable to test the effect of disconnecting
the tone compensating networks from the
potentiometer. If they prove to be the cause
of the trouble, they should be switched out
during phonograph operation. If the receiver
employs the volume control method shown
in Fig. 3 but has no provision for phono
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F1c. 2. Experience has shown that most listeners prefer the elevated bass
response obtained with terminations of 0.5 meg or more across the pickup.

input, a single-pole double throw switch can
be mounted on the chassis and wired as
shown. The switch should be located near
the potentiometer so that leads will be short
and hum pickup possibilities minimized. It
is advisable to shield the lead from the
phono post to the switch. The switch should
make on the phono position before breaking
the radio circuit to avoid a thump due to
momentary removal of grid bias.

Occasionally the audio system will have
such high gain that the pickup will overload
the first stage at full volume and necessitate
working at such a low setting of the potenti-
ometer that volume adjustments are critical
and quality of reproduction may be poor.
The remedy is a shunt condenser of 0.001
mfd or larger across the pickup at the input
terminals. Increase the condenser capacity
until there is no overloading apparent on
listening test with the receiver volume con-
trol wide open. Pay particular attention to
the bass reproduction during the listening
test, for the maximum peak levels occur at

To
Detector

Approx. T

F1c. 3. If the receiver employs the volume con-
trol method shown, a single-pole double-throw
switch can be wired for phono operation.

the lower frequencies. Increase the size of
the shunt condenser until the bass is clean.

It is always good practice to attain normal
volume with the audio control of the re-
ceiver almost wide open. At medium and
low volume settings, the input capacity of
the tube plus stray circuit capacities form an
L network in conjunction with the resistance
in the upper section of the potentiometer
with a resulting loss of the higher fre-
quencies. This effect is largely avoided by
operating at near-maximum settings.

When a volume control is provided on a
simple crystal record player which is located
some distance from the receiver, there will
almost always be a loss of highs due to the
effect of the connecting lead capacity in
conjunction with the potentiometer resist-
ance whenever the volume control is turned
down below maximum. There is less loss of
highs with a relatively low resistance poten-
tiometer (of the order of 0.25 meg) but this
may be offset by poor bass response, espe-
cially if the record player volume control
and the receiver volume control are in
parallel and combine to present a still lower
terminal resistance to the pickup. When the
feature of volume control at the record

player is not absolutely essential, the repro-
duction will usually be improved consider-
ably by disconnecting the record player
control entirely, depending on the control at
the receiver. Of course these remarks do not
apply to record players ot the wireless type
or to those which incorporate an audio am-
plifier tube following the pickup; in these
cases the tube associated with the pickup
may effectively isolate the pickup volume
control from the connecting line and subse-
_quent equipment.

Many receivers of early vintage have no
provision for phonograph pickup connec-
tions; others have phono connections which
are only suitable for magnetic pickups. The
alert service man can build up his profits by
adding crystal record players to such re-
ceivers and by modernizing yesterday’s pho-
nograph combinations with improved pick-
ups. Circuit changes to accommodate the
crystal pickup are not difficult if a few fun-

DATA e Section 5

danfientals are kept in mind. In the first
place, transformers are not required. They
will not provide the proper terminal connec-
tions for high-quality crystal pickup per-
formance. Connect the crystal pickup in the
grid circuit of an audio stage across a re-
sistance of 0.5 meg or more (which may be
the radio volume control) and make certain
that no low-impedance circuits are across
the pickup.

A common receiver layout includes a
power detector feeding the output stage.
Radio volume control is probably effected
in a preceding r-f circuit. The best solution
is to switch the detector tube grid to a 0.5
meg pickup volume control mounted on the
chassis (or motorboard if a combination) at
the same time switching the bias to the
proper value for Class A audio amplification
instead of detection. Fig. 4 shows one pos-
sible arrangement.

As before, the switch blade connected to
the grid should make in the phono position
before breaking the radio circuit to avoid
switching thump. The shunt resistor R
must have the proper value to make the
parallel combination of resistors afford cor-
rect amplifier bias. Measure the applied plate
voltage and then consult your tube manual
for the correct bias voltage and plate current
for amplifier operation.

Divide the required bias voltage by plate
current to find the resistance which the
parallel combination of R; and R, must
provide. After installing the correct resistor
R3, recheck bias voltage and plate voltage.

r

4

DET.

kK

Power
Amplifier

Ry

+B

= ORIGINAL CIRCUIT

Ry - Original self-bias resistor (proper
value for detector operation.)

Cy - Original bypaoss condenser

Short
<«---"lead

Ry - Original self-bios resistor.
R, -Resistor to lower effective bias
resistance in phono position to proper
value for amplifier operation.
C4 - Original bypass condenser.
C2 - Large bypass condenser ( may be
2 higrr? ccgf,low voltage ele(c'fr‘o‘\!(_yﬁc.)

Fic. 4. A common receiver layout includes a

power detector feeding the output stage. The

best solution is indicated.
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trolytic or other suitable condenser at Co..
r I-F Transf. Both the switch and volume control should
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F1c. 5. In grid circuits employing fixed bias a
blocking condenser should be used to prevent
the application of the bias to the pickup.

Occasionally the applied plate voltage will
drop and necessitate a slight change in the
bias resistor.

The lowered bias resistance for amplifier
operation will require an increase in cathode
by-pass capacity. This can be provided by
installing a low-voltage high capacity elec-
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Fic. 6.  Special needles provide some scratch
reduction because they cut-off earlier at the
“high frequency end.
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be located as close to the tube as possible.
After these parts are mounted and the set
operates properly on phonograph, it is wise
to realign the tuned circuit feeding the de-
tector which will probably be a little high in
capacity due to that added to the circuit by
the switch.

Diode-triodes

Frequently the detector and first audio
element are combined in a single tube, the
familiar duplex-diode triode. Circuit varia-
tions are numerous and a careful study of
the individual circuit of the particular re-
ceiver is strongly indicated before the work
is started. The problem is to get at the grid
of the triode section, making use of the re-
ceiver volume control if possible. Particular
attention must be paid to the method by
which the cathode is biased.

A circuit in which fixed bias is employed
is shown in Fig. 5, together with the proper
switching circuit for crystal pickup. The
only modification is the provision of a single-
pole double-throw switch to shift the high-
side of the volume control potentiometer
from the radio circuit to the phono input
with a blocking cpndenser in series to pre-
vent the application of bias voltage to the
pickup.

It should be remembered that even the
most complicated circuit can be licked by
switching grid and cathode to a separate
phono volume control and self-bias resistor
and by-pass condenser, respectively. Keep
leads as short as possible and shield wires if
hum is encountered.

Typical Switching Circuits

Immediately following is a series of 23 cir-
cuits, Figs. 8 through 31, representing a
condensation of past and present methods
for wiring phonograph pickups, magnetic
and crystal, into radio receivers.

These circuits have been universalized to
the extent that sections of switch wafers or
gangs not directly concerned with the phono-
radio transition are not included. This ap-
plies to such features as tone control posi-
tion, wave band change, etc., where these
operations have been combined in a multi-
purpose switch.

A second treatment is the use of a stand-
ardized method of switch schematic drawing.
As far as we know this system has no name,
but we have referred to it as a “linear block™
switch illustration. We believe it represents
the most flexible and at the same time, most
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easily understood method of switch layout.
It is not original with us; we first saw it em-
ployed in schematic diagrams of the Bel-
mont Radio Corporation and we are in-
debted to them for its use here.

Fig. 7 shows an example of this system.
Assuming it is desired that a particular ap-
plication have two leads connected in one
position, one of these leads to be unused in
the second position, and the second lead to
join two new leads not used in the first posi-
tion, the wiring in Fig. 7 would apply.

In position A, leads 1 and 3 are connected,
leads 2 and 4 are out of the circuit. In posi-
tion B leads 2, 3, and 4 are connected to-
gether with lead 1 open.

Figures 8 through 27 show circuits in
which the phono-radio switching operation
is incorporated either in the diode load cir-
cuit of the 2nd detector or the first a-f grid
circuit.

Figure 8 shows the most common switch-
ing circuit in use, namely that of circuit
transfer only. The switch is shown in radio
position and when pressed or turned it
transfers the a-f lead of the volume control
from the radio input to the phono input.
Fig. 8A is diode load, Fig. 8B first a-f.

In Fig. 9 the second portion of the switch
serves to break the screen or plate supply to
an i-f or r-f stage to render the r-f portion
of the receiver inoperative, thus preventing
any radio signal from feeding through by
lead or part capacitance. Fig. 9A—diode
load; Fig. 9B—first a-f.

Fig. 10 shows a further variation in that
the second portion of the switch breaks the
cathode circuit of an r-f or i-f stage to pro-
vide the result outlined above. The dotted
lines indicate the possibility of using the
same switch to provide a shorting action for
the unused input. Fig. 10A—diode load;
Fig. 10B—first a-f.

In Fig. 11 the second function of the
switch is also of a transfer nature. When the
switch is in the radio position the lower
section shorts out the phono input and when
the switch is moved this shortout is trans-
ferred to the radio input lead. This circuit
is an even more positive method of prevent-
ing any capacitive transfer of the unused
input leads, It is usually incorporated in
receivers where the phono or diode leads
are by necessity rather long and possibly
parallel to leads in the a-f stage.

Fig. 12 illustrates an application combin-
ing circuit transfer and motor control. When
the a-f lead transfers to the phono input the
second switch section cuts in the motor
supply.

Fig. 13 is a combination circuit transfer,
cathode break, and motor control system.
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When the first section transfers the a-f lead
to the phono input, the second section trans-
fers the common or ground lead from the
cathode to the motor thus making the radio
section inoperative and turning on the motor.

Fig. 14 is similar to Fig. 13 except that a
three-section switch is used and the plate or
screen supply of an r-f or i-f stage is broken

instead of the cathode asin the case of Fig. 13. ANTENNA

In Fig. 15 the functions of receiver on-off, PHONO

circuit transfer, B+ break, and motor con-
trol are combined in a three-section, four- - F16. 23A—Diode Load
position switch. In the first position the
receiver power is off. In the second position
the radio section is used. In the third posi-
tion, the a-f lead transfers to the phono
input, the plate or screen supply of an r-f
or i-f stage is broken, and the motor is at

rest position for changing records. In the .
fourth position the a-f lead-phono input ANT R o
contact is maintained, the B supply still a0
broken, and the motor operates for playing.
Fig. 16 employs a three-section four-posi- Fic. 23B—First A-F

tion switch to provide receiver on-off, circuit f
transfer, and motor control. Position 1 is
" receiver “off, position 2, receiver on-radio
use, position 3 phono use-record change, and
position 4 phono use-record play (motor on).

Fig. 17 illustrates a system of circuit
transfer and removal of r-f, i-f or mixer \‘
screen voltage. The second section of the |

- I
|
|

CATHODE

switch when in phono position grounds the FADER
CONTROL

screen of the desired stage. In sets employing
this circuit, the screen voltage is low enough
or rather the screen dropping resistor suffi- Fic. 24
ciently high in value to prevent excessive
current flow through the resistor.

The system shown in Fig. 18 has the
following functions: eircuit transfer, coil
change, radio shortout in phono position,
and motor control. Position 1 is radio receive
on a certain frequency; position 2, radio
receive on a second frequency; and position -
3, phono with metor cut in and diode return 3
lead shorted out. L Aas

Fre. 21 Fig. 19 combines the circuit transfer, Fie. 25
radio shortout and a-f load change opera-
tions in a three-section, two-position switch.
In radio position, sections 1 and 2 provide

an a-f load consisting of the volume control

“R.” In the phono position, sections 1 and 3

$. .| provide a shunt circuit R, and R, across the

T control with the phono input entering at the

WA/ junction of Ry, Ry, limiting the voltage ap-

‘ CATHODE -E % ;’mono .plied to the a-f stage because of the series | I —T>

LE OUTPUT

connection of R; and R, and further pro- -
= h 2 viding a load match for phono input, of R, ET R
‘ shunted by R; and R.

Fre. 22 : Fig. 20 illustrates a circuit transfer type

: . . . Fie. 26
with a second section transferring the ground
or common to the diode return lead. Thus in
phono position the cathode of an r-f stage is
broken and the diode return lead grounded
to provide positive radio cut out.
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F16. 32. Equalization for relatively flat response can be provided by means of a
fixed condenser and a resistor.

In Fig. 21 a three-section, two-position
switch provides for circuit transfer, diode
return lead shortout, and bias circuit change.
In radio position the high side of the volume
control connects to the diode return lead and
the low side of the control is connected to
the cathode. In phono position the high side
of the control connects to the phono input
and the low side of the control is grounded.
The diode return lead connects directly to
the cathode.

The circuit shown in Fig. 22 provides
circuit transfer, cathode break, and load
change for phono use. In radio position, the
a-f lead connects to the diode return and the
cathode circuit is complete. In phono posi-

tion, the a-f lead transfers to the phono

input which has a resistor shunted across it,
thereby lowering the grid resistance to a
value comparable to the specific pickup unit.
Also, the second section transfers the ground
or common to open the cathode circuit and
ground the low side phono input.

, Fig. 23 illustrates a different method of
silencing the radio section in that a second
portion of the switch performs an antenna
shortout in the phono position. The first
section is the usual transfer on the a-f lead.

Fig. 24 can’t logically be called a switching
circuit since no switch is employed, but it
does transfer from radio to phono by using
a center tapped control, tapered both ways
from the center. When the variable con-
tactor is on the lower half it controls the
phono input. As it passes the center ground
point the phono input gradually reduces to
zero and the radio input is controlled in the
upper half.

A clever system for use in battery-pow-
ered receivers is illustrated in Fig. 25. In
this circuit the first section of the switch
transfers from diode to phono, while the
second section opens the filament leads of
the oscillator and i-f stages, rendering the
r-f section inoperative, and keeping the bat-
tery drain at a minimum.

— nzg.l--n-.EEE..

i'i

h)UO

Fig. 26 illustrates a system of circuit
transfer and grid load change. The second
switch section in phono position shunts re-
sistor R, across the grid of tube, thus lower-
ing the input resistance of the stage.

In Fig. 27 the first section of the switch
performs the transfer operation while the
second section alters the cathode circuit.

Fig. 28 shows a transfer action employed
in a biased detector circuit, while Fig. 29
illustrates a combination shortout and motor
control system also employed in the hiased
detector stage.

The system shown in Fig. 30 is another
which can’t be termed ‘a switching circuit.
The phono input is series inserted in the grid
return of the tube and the setting of the
control effects the transfer. This circuit is
also that of a biased detector.

Fig. 31 shows a simple transfer circuit for
use with a grid lead type detector, and com-
pletes the circuit examples for the phono-
playing switching operations.

Equalizing

It has been intimated, elsewhere in this
article, that a large percentage of radio set'
buyers have been educated to prefer excessive
bass response. This fact probably accounts
for the elevated bass response which is char-
acteristic of most present-day commercial
crystal pickups.

Equalization for relatively flat response is
easily provided, should an occasional cus-
tomer prefer high-quality music. As shown
in Fig. 32, all that is required is a fixed con-
denser and a fixed or preferably variable
resistance, connected as indicated. If a vari-
able resistor is employed, any response curve
between the fully equalized and the normal
unequalized can be obtained at will. The
curves shown have been matched at the
high frequency end and therefore indicate
only the relative frequency response.
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Scratch Noise

It has been a common notion that sharply-
tuned rejector circuits would eliminate nee-
dle scratch or surface noise in phonograph
reproduction. The reasoning seems to have
been that the disturbing noise was localized
in a narrow band around 2500 or 3000 cycles
and that the removal of the audio compo-
nents in substantially this band alone, would
considerably lessen the reproduced surface
noise with minimum effect on the general
quality of reproduction.

Without going into detail regarding spe-
cial cases that are of little practical interest,
it appears that there are no appreciable
benefits in narrow band-elimination from the
noise reduction standpoint. Surface noise
components are of random character and
are distributed throughout the entire audio

range. Effective noise reduction goes hand-
in-hand with reduction in quality of repro-
duction. Special needles (such as halftone,
cactus, bamboo, etc.), provide some scratch
reduction because they cut-off earlier at the
high frequency end, with of course a corre-
sponding elimination of what may have been
recorded in the lost frequency interval. Ad-
justment of the ordinary tone control of the
receiver or amplifier, with its adjustable,
tapering high frequency loss, will probably
completely satisfy most listeners.

Additional Hints

Crystal pickups, crystal cutting heads,
and crystal microphones will not withstand
temperatures above 125 °F. for long periods
of time. Make sure that adequate cabinet
ventilation is provided. Deflect heat from

Wireless Record Players

Keeping in mind the information obtained

from the preceding discussion of crystal -

pickups- we can go a step farther and see
how these units are employed in commercial
wireless players.

The popularity of wireless record players
is undoubtedly due to a number of factors.
In the first place, the mystery feature,
i.e., the fact that they play through the
radio without direct connection, is intri-
guing. In addition, the record player may be
placed at any convenient location, the loca-
tion being limited only by the distance from
the receiver and the convenience of an AC
outlet. Further, these wireless players are
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5' $ge 6A7 .00001 Mfd
ok 2525
290 &
E
12
W -
s ] %3 Osc
.5 == Coil
4 & $| sa00 5000
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Motor Sw N -
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110-120V 60~ ‘2}

Fic. 33. WiLcox-Gay (A56, A57, A60).
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relatively inexpensive and simple to operate.
When properly designed they are capable of
good quality.

The principle of operation of these units
is quite simple. As pointed out previously,
these record players are nothing more than
a low-power broadcast transmitter. Refer-
ring to the typical circuit, such as Fig. 33, it
will be seen that the unit contains two tubes,
one operating as an oscillator-modulator and
the other as a rectifier. The oscillator-modu-
lator, generally a 6A7 or similar tube, is
modulated with audio by means of the crys-
tal pickup and the phonograph record being
played. The oscillator is tunable over a small
range in the broadcast band, this tuning be-
ing accomplished by means of a trimmer.

Microphone connections are provided in
some of the units as an additional feature.
Crystal pickups are used in all cases. The
turntable speed is, of course, 78 rpm and all
units are designed to use either 10 or 12 inch
records. In most cases self-starting induction
motors are used to drive the turntable, al-
though in some instances a manual-starting
synchronous motor is employed. As a result,
operation is from a 110-volt, 60-cycle power
supply. Detailed information as to trade
names, tubes used, turntables, pickups, etc.,
is given in the chart which accompanies
this article.

Various record players and their circuit
diagrams are shown in Figs. 33 through 44.

In referring 1o the schematic drawings a
number of rather unusual circuits will be

power and rectifier tubes if necessary with a
sheet of asbestos board or other heat insu-
lating material. Such a baffle can be made
more efficient by cementing a piece of tin
foil to it on the side oppesite the pickup
unit. Check-up with a thermometer placed
at the pickup position. Long experience has
proved that the temperature limitation is
easily satisfied if it is recognized and given
attention. .

Should it be necessary to replace the
crystal cartridge or cordage, apply minimum
heat when unsoldering and resoldering con-
nections at the cartridge terminals. Cool the
lug with a cotton swab dipped in alcohol
immediately after removing the soldering
iron. Heavy-handed sweating-in of soldered
joints at the cartridge terminals is practically
certain to ruin the crystal. Quick soldering
with minimum heat, immediately cooling
the joint, is absolutely safe.
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Fic. 34. G.E. (GM11).

noticed. One unit, for example, uses a 12A7
tube as a combined rectifier and oscillator.
(See Fig. 34.) Another unique feature of this
same unit is the method of obtaining heater
voltage. Instead of employing the more con-
ventional method of obtaining heater volt-

JHX  1SMRdEoch
Freq.Adj. $30-625K

60~ Mator Conn

Fic. 35. RCA (VA20, 21).
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age from the supply line through a ballast
resistor, it is tapped off the motor winding.
In this connection, it is interesting to note
that another unit employs a similar method
for obtaining voltage for its pilot lamp

(Fig. 35).
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In Fig. 36 is shown a unique method for
automatically starting and stopping the

turntable by means of the tone arm. When_
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the pickup is placed on the record, it auto-
matically closes the motor switch and starts
the turntable. Similarly, when the tone arm
is removed from the record, the motor switch
is automalically opened.

Also of interest is the phnnograph oscilla-
tor shown in Fig. 37. This type of unit is
designed for operation through a direct con-
neclion to the receiver antenna circuit and
will not ordinarily supply sufficient radiated
signal to provide satisfactory wireless opera-
tion, even if the coil shield is removed. There
is no reason, however, why the same com-
ponents and exactly the same circuit would
not provide wireless operation if a simple
addition were made.

A radiator connected to the oscillator coil
(indicaled as an antenna in the circuit of
Fig. 37) will provide satisfactory results,
especially if this radiator is included in the
power line cord. Four to six feet of wire
should provide ample radiation. Some diffi-
culty may be experienced from broadcast
interference with the signals from the record
player. In general the wireless units use a
radiation frequency which is more free from
such interference.

Particular attention is called to the De-
wald Model 411, the schematic of which is
shown in Fig. 44.

It is a 2-lube wireless record player that
permits the owner to play recordings through
a remote radio receiver or directly through
an a-f amplifier and a small speaker incor-
porated in the playback unit. The device
employs two new multipurpose 0.3 amp
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tubes, the 12B8GT r-f pentode-triode and
the 32L7GT beam power amplifier-rectifier.

The high-mu triode section of the 12B8GT
amplifier tube serves as an audio amplifier
in both modes of operation. With the switch
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in the r-f playback position, the a-f ampli-
fier is necessary to provide a high percentage
of modulation. In wireless playbacks where
the pickup operates directly into ghe r-f
oscillator the percentage of modulation is
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often too low. This makes it necessary for
the listener to turn the receiver gain up
higher in order to obtain normal room vol-
ume even though a strong carrier is being
received from the oscillator. Excessive car-
rier hum results.

In addition, low percentage modulation
requires more radiation to produce a satis-
factory signal at the receiver. Also, the inter-
ference range of the transmitter varies in-

versely as the depth of modulation. Too
high a modulation level, however, would
cause frequency modulation, and consequent
distortion. “To prevent this a modulation
level control is incorporated, as an element
of the pickup tone corrector. - .
With the switch in_the audio playback
position, a complete record player and am-

plifier is available with no additional equip-

ment required. This feature is. obtained at
only a slight additional cost over an ordinary
wireless record player, since the power sup-
ply, heater resistor and cabinet are required
even if this feature were omitted. A.power
output of 1.4 watts is available to the per-
manent magnet dynamic speaker.

Two controls are used, one for level with
the on-off switch incorporated and the a-f,
r-f switch. The carrier frequency is adjust-
able over a small range around 550 kc.
The padder is accessible through a hole in
the top of the panel.

A 4-wire line cord is used, 3 wires for the
power and filament resistor and the fourth
is the antenna. This arrangement with the
antenna coupled to the hot end of the oscil-
lator tank through a 0.0001 mfd condenser,
allows satisfactory reception as a wireless
unit up to about 40 feet. A 0.1 mfd by-pass
condenser across the line keeps the r-f energy
from the lighting circuit.

A crystal pickup is employed with a tone
correcting load circuit. The resistor is the

MANUAL

volume control in the a-f position and the
modulation level control in the r-f position.
The high-mu triode feeds the beam-power
tube in the a-f position or the screen grid of
the pentode oscillator section in the r-f posi-
tion. The plate of thé power tube is returned
to the input of the filter while the screen is
connected to the second filter section to re-
duce hum. In the a-f position, the oscillator
is cut off by opening the'screen grid lead.

In setting up a wireless record player, the
general procedure is as follows:

The radio receiver should be turned on
and tuned to a quiet spot in frequency range
covered by the oscillator. The oscillator
should then be tuned to the frequency of the
receiver. Adjust the volume controls on the
receiver and record player to the proper
levels. In very noisy locations, it may be
necessary to wrap several turns of the oscil-
lator antenna around the antenna lead-in to
the receiver. Inreceivers having push-button
tuning, one of the buttons may be set up for
the oscillator frequency.

Figures 45 through 73 show schematic
diagrams of later types of wireless record
players. Most of these units have prototypes
already covered in this discussion, and no
commentary has been attempted. The gen-
eral features of these players are listed in
the complete table following this record
player text. The chart also lists equipment
previously discussed.

Tubes _ Turntable Plckup Confrols Dimensions }
Mike d |
Frequency Ve !
Manufecturer Trode Modsl ;anxwo) Flat Voltage | Cycles |  Motor Diameter| oo ord Impedance @d"r’g; S:: On- | Vor w
lame lumber n Ke ight Osc.-Mod. Rect. Type Speed In t T 1000 | Cycles | on " | Hot. |Wdth. | Depth | WOt
, oy | i Lol ] oo laatamal on | oF | ume | MO Pt | (Lbs.) |
1 o \
Altied Radio Corp. Knight - - Yes | 6A7 2525 n0420 | 60 - 78 — |07 or 12 [ Crystat | — — | No | Combined | — [ — | — [ —
Continentel Rudio & ‘
Telovision Adnmiral AW 540 Yes | 6A7 2525 10120 | 60 -~ 78 — {10 o127 | Coystal | — — | Yo | Yo [ No | e | 13 | 13 | 16 |
) cwis 1575 No |12a86T |7076T  |mo4z0 | 60 - 78 —  [10%or 127 | Crystal | — — | No | Combined | — | — | — | — !
Déwald Radio Mtg. Corp.| Dewald an 550 No | 1288GT 327GT  |110120 | 60 | Self Stort 78 — [107or12” [ coystal | — — | Yos | Combined [ — | — | — | —
spay Mg Co. Inc. | Espey 922 14751750 | No.47 | 6A8GT 2526GT (110120 [ 60 [ Self Start 78 9 [10”0r12” | Crystal [ 1000000 | 1% | Yes | Yes [ No | & | 14 | 12 | 10 |
Guhin Mtg. Corp. Motorala 1A 12001750 | No 25476 10120 | 60 - 78 9 [1070r12” 3000@ | — |MNo |Yes [ No [ = | — | — | —
400 Cy.
214 13001750 | No | 6K6GT 76 10120 | 60 - 78 8 |1070r12” - — | No | ves | Mo - ==
224 12501750 | No | 65K7GT | &JsGT 110120 | 60 - 78 8 [107or12” | Crystal | — — | No|Yes | Mo | — | ] —1}—
23RC, 23RCW | 1250.1750 | No | 65K7GT | eJ5GT 10120 | 60 - 78 8 [107or12” | Crystal | — — | No|[Yes [ MNo | = |~ | ~|~
Genaral Bectic Co. | OF GMI1 1400-1600 |  No 1247 110120 | 60 | Self Start 78 | 10 [10"or12” [ Crystal | 80,0000 | 1% | Yos | Combined | & 15w [ 13% | 10
HM21 11001600 | Na | 648G 84 110120 | 60 | Self Start 78 9 |10%0r12” | Crystal | = — | Mo [ Yo [ No | & |10%]|1a%| o
M23 11001600 | No | 6A8G 84 110120 | 60 | Seif Start 78 8 [10%or 12" | Crystel | — ~ I No | Yo | No | 6 |1a%| i) —
Phileo Radio & Philco RP1 (Codes 121, :
Television Corp. 122, 123) 530-580 Yes | 6A7 84 10120 | 60 - 78 — |10%or12” | Crystal | — — Mo Yo Mo | = | =]~ |~
. 530380 Yes | 6A7 84 10420 | 60 - 78 — J10vort2” | Crystal | — | — | No |Yes [ No | = | =~ | ~ |~
A1-Rp6 530.570 Yos | 6A7 84 110120 | 60 - 78 —  [10%or 127 | Crystal |~ — N Yo [No | = | =]~ 1]~
Pligei Bloctric Corp. | Pigrim 930 - No | 6a7 76 10420 | 80 - 78 —  [1070r12” | Crystal | — — | No |Yes | Mo [ = | = [~ |~—
2 :
RCA Mig. Co, Inc. RCA VA20, VA21 530-625 | No.47 | 6A7 25266 110120 | 60 | Manual Start| 78 7 [10”70r12” | Crystal [ 1000000 | 1% | No | Combined | 3% [124 | 8% [ 7%
Osc. 22 530-625 No | &sa7 25266 110120 | 60 - 78 —  [1070r12” | Crysta | — — | No | Combined | 7% | 4| 28| —
Sears Roebuck & Co. | Silvertone 5848 540700 | No.51 |[35L6GT | 3526GT (110120 | 60 - 78 8 [107or12” | Crystal [ — — | No | Combined | — | = | — | —
8226 540750 | No.T-46 | 6A7 2525 110120 [ 60 - 78 9 [1070r12” | Crystal |  — — | No | Combined | =~ | — | — | —
6233 530-625 | No.44 |12A8GT  [3524GT (1104120 | 60 |Manval Start| 78 —  |10” or12” | Crystal | 100000a| 1% | No | Combined | =~ | — | — | —
Sonora Rudio & 5
Television Corp. Sonora KVU-85, KVU-97 | 600 No | s0L6GT aszseT 10420 [ 60 - 78 — |07 or12” | crystal | — — I No|Yes | No | = | =]~ ]|= N
Pew — Yo | 6A7 2525 104120 | 60 | Self Start 78 — 107 or 12" | Crystat | — — | No | Combined | 7% {13% | 10% | 7%
W17, Wi, w24 | 600 No 3217 10120 | 60 - 78 — |10"er 12" | Coystal | — — | Yos | Yes [ No | = | = | = [ =
Spark-Withington Co. | Sparfon 219P, 219D 1200-1700 |  Yes | 6A7 2525 10120 | 60 - 78 — |10%or 12" | Crystal | — — | Yes [Yes [ No [ = | = | — | — |
\
Stewort-Warner Stewart-Warner | 11-2A1 540750 No | 3st60T 35256T [ 110120 | 60 - 78 o [1070r12” | Crystat | — — | Yo | combined [ — [ — f — | — ;
Waerwick Mfg. Corp. | Warwick 9-21 15001700 | No | 6A7 76 10120 [ 60 - - 78 — [1070r127 | Cryatal | — Yos | Yes | No [ = - -
923 15001700 | No | 1287 352467 110420 | 40 - 78 — |10"or12” | Crystat | — — | Yos | Yes [ No | — | —
Wholesals Radio )
Service Co. Lafaystte K21965 540 No | éABGT 76 110120 | 60 | Self Start 78 8 [10”or12” | Crystal | 1500000 | 3-4* | Yes | Combined | 6% [13 | 10% |13
Wilcox-Gay Corp. Wilcox-Gay A3 540750 Yes | 128,356 | 25%6 n0120 [ 60 - 78 9 [1070r12” | Crystal | — — | Mo | cCombined | — [ — | — | —
A5 - No | 12547 3524 110120 | 60 - 78 8 [1070r12” | Crysal | — — | No | Combined | = | — | — | —
A5 — No | 1248 3524 110120 | 60 - 78 —  [107or 12" | Crystal | — — | No[Yes | N |~ ] =]~ |~
82 540-750 Yes | 6a7 2575 110120 | 60 | Sef Start 78 — |10"0r12” | Crystal | — — | NofYs N | = =] —=]|~—
8p2 — Yes | 6asGT 52461 110120 | 60 - 78 — |07 o127 | Crystar | — — [NV Mo | =} =] ~=1]~=
9A2 540.750 No |1248 asz4 10120 | 60 - 78 8 [1070r12” | Crystal | — — [N |[Ys [ No | = |~ ]| =]~
Zenith Radio Corp. g;ggg 7001 - Yes 876G 6X5G 10120 60 —_ 78 — 110" or 12” | Crystal —_ - No | Yes | No —_ - - _—
57002, 57003 | 1540 No |12sa76T | 3sz4eT  [moazo| 6o - 78 — |07 or12” | Crystar | — — | No|ves [ Mo | = —=1|~]=
s8500, SBs01 | { 540900 No  |12sA7GT | 3sz4GT {10420 | 60 - 78 — |07 or12” | Crystal | — No | Yos [ No | — | — -

*infinits Impedance, toad
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It has often been noted that in the radio
industry and its allied fields, certain features
. H o m e R e c o rde rs fail to become popular during the season of

their introduction. Then, after a number of
years of disuse, they are reintroduced with
improvements and experience immediate ac-
ceptance. Home recording, a feature intro-
duced about eight years ago, has been dor-
mant until the recent introduction of low-
priced, improved recording systems. A typ-
ical example of this type of unit is the
Wilcox-Gay “Recordio.”

POWER CORD This unit makes possible the recording of
RACK voice or music originating locally, as well as
‘ providing a means of recording radio pro-

grams.

The appeal of this, and similar types of
equipment, is further enhanced by the avail-
+ ability of inexpensive record blanks.

EXTRA RECORD
HOLDER

These recorders are extremely popular,
not only for their value as a home entertain-
ment device, but also because of their possi-
ble uses in the fields of public address, educa-
tion, voice culture, and personal correspon-
dence.

The following discussion deals with the
. . components of the system, its operation, and
PLAYBACK 3 ‘ . e the procedure for servicing.

There are numerous general types avail-
able such as the phono-player, recorder, and
P.A. system; another with these same fea-
tures plus radio-receive and radio-record;
completely portable types, etc. Since this
discussion is primarily concerned with re-
y cording and reproduction the unit employed

RECORDING LEVEL for illustration is the Wilcox-Gay Portable
INDICATOR Recordio model A-72 pictured in Fig. 74
with schematic as in Fig. 75. The A-72 is of
the portable type without radio-receive and
record, and was one of the first popular price
TONE CONTROL units to reach the market.

TURN TABLE

MICROPHONE

MOTOR SWITCH

YOLUME CONTROL
SWITCH AND ON-OFF SWITCH

FIG. 74 .

"3

Controls

/

Viewing the top of the A72 Recordio there
will be found four controls, designated as
“Play,” “Volume,” “Tone,” and “Motor.”

The control labelled “Play” is a selector
switch that in its extreme right hand position
connects the equipment for public address,
in which position anything spoken into the
microphone will be heard to issue from the
loud speaker in an amplified state—degree
of amplification being controlled by the vol-
ume control. In the center, or play position
the equipment is connected for phonograph
e ollen reproduction, in which condition the record-

T . ings that have been made can be played
L L - back, and also any phonograph record may
p -~ be reproduced. Both the tone and amplitude
G:V———l—g Y ) of sound will be controlled by the tone and
volume controls respectively. In its left hand
position or when the yellow dot is opposite
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“cut,” the equipment is connected for re-
cording, at which time by following the
directions below, a recording may be made.

The control labelled “Volume,” is for the
purpose of controlling the volume of both
recording and playing back records as well
as when the unit is used for public address.
During the first portion of its clockwise turn
it operates the off-and-on switch connecting .
the power supply to the equipment. Through
the remainder of its clockwise turn, the
volume is increased.

FOLLOWER ARM STOP

\

LATERAL FEED SCREW

FOLLOWER ARM

The control labelled ““Tone” is for prop-
erly controlling the fidelity or tone of the
Recordio. Turned in a clockwise direction
the bass notes are emphasized. Turned in a
counter-clockwise direction the treble notes
are emphasized. THIS CONTROL SHOULD AL-
WAYS BE IN THE LEFT HAND OR HIGH POSI-
TION WHEN RECORDING. Failure to do this
will result in a very poor recording.

The control labelled “Motor” is for start-
ing and stopping the turntable. Turned to
the right it connects the power supply and
the table will rotate. Turned to the left the
supply is disconnected and the table will ~MOTOR

w4

6U5-6G5

stop. BOARD éKé
Figure 76 shows the Recordio with the es- 6Q7

cutcheon removed and the motorboard raised

to a vertical position. The components to be 8J7

later referred to under care of the instrument
are clearly identified in the illustration.

Recording

MOTOR BOARD AND AMPLIFIER, FIG. 76

To use this equipment as a recording
mechanism, whereby radio programs and
various other activities picked up on the
microphone can be preserved on a record,
first of all the “Play” control should be
turned to “Cut” and a blank record should
be placed on the turntable. A small pin is
located near the center of the turntable. It
will also be noticed that the record blank has
three holes in the center. The record should
be so placed on the table that the pin en-
gages one of these holes. After this procedure, [I-s'rvw;
the cutting arm, which is the arm on the X RECORD
right of the equipment, should be raised up o Tt
to an angle of approximately 45 degrees and
the cutting head swung over so that the
cutting stylus will come in contact with the
mnear outside of the record blank when the
arm is lowered.

RECORDING ARM DEPTH O T ARM HEIGH
n:m
GUTTING HEAD l um BRT. smmc ADJ.!‘C A ] Ao.: scnsw Mu/purmu

Recording Microphone

PHOS.IR.SPRING} ( FOLLOWER ARM
. . . MOTOR
To use this equipment for recording any-

thing that is picked up by the microphone, FG. 77
the control labelled “PA,” “Play,” “Cut,”

106

#
4




PHONO-RADIO

SERVICE

DATA

¢ Section 5

mentioned above should be turned in its left
hand direction so that the dot is opposite
“Cut.” If the microphone is going to be
spoken into, a few words should be spoken
into it while adjusting the volume. The
magic eye should be watched, and the vol-
ume should be adjusted so that the magic
eye just closes on the loudest words. The
turntable should now be started and what-
ever it is desired to record spoken into the
microphone in the same tone and level of
voice as used in initially setting the volume.
If it is found that during this process some
slight adjustment of volume is necessary,
this should be done, maintaining an adjust-
ment so that the magic eye just closes. All
other efforts, such as speeches, recording of
orchestras, bands, etc., should be accom-
plished by first of all noting and adjusting
the level and then turning on the motor and
making the record cut.

Recording Radio

To record radio programs, the microphone
should be set up directly in front of the loud
speaker of the radio receiver supplying the
program and the radio receiver adjusted so
that it is operating at normally low room
volume. The left hand control should be set
on “Cut,” the tone control should be turned
to “high” and the volume adjusted so that
the magic eye just closes on the louder parts
of the -program. Any slight adjustment of
volume can be made, however, the indi-
vidual expression of orchestras, as well as
of vocal selections, will be impaired if loud
and soft passages are compensated for by
either decreasing or increasing the volume.

After the cut has been made, there will be
seen to have been cut a small shaving out of
the record material. This will pile in the
center of the record. The machine is cutting
correctly if, after having completely cut a
614" record, the wadded up shaving has a
total diameter of approximately 3§ to 14
inch. THIS SHAVING IS NOT FLAMMABLE AND
THEREFORE THERE IS NO FIRE HAZARD IN
DISPOSING OF IT IN ANY MANNER.

Phonograph Play Back

1)

The control marked “Play” should now
be turned to “Play,” and the phonograph
arm, which is the arm at the left of the
equipment, should be equipped with a new
needle and placed in the outside groove of
the record. The motor should be turned on
and the volume and tone adjusted by the
respective controls. After this procedure the

previously recorded material will be re-
peated. When it is desired to play ordinary
phonograph recordd on this equipment, all
that is done is to position the switch to
“Play” as above, place the record on the
turntable, at which time the pin on the turn-
table will disappear and allow the record to
lie flat on the table. A NEEDLE THAT Has
BEEN USED TO PLAY A REGULAR RECORD
SHOULD NEVER BE USED TO PLAY A WILCOX-
GAY RECORD. Use a new needle.

To use this equipment for public address,
the selector switch should be turned to
“PA.” The microphone should be used as far
to the side and rear of the equipment as
possible to prevent acoustical feed back be-
tween the loud speaker and microphone.
There are available 1214 foot extension mi-
crophone cords for this equipment.

Cutting Arm and Head Adjust-
ments ’

Inserting Cutting Stylus

Do not use any other make of cutting
stylus than Wilcox-Gay. This stylus is es-
pecially designed for this equipment.

When this equipment leaves the factory,
the cutting stylus is packed in a small en-
velope to avoid its becoming lost. To prqp-

erly install the cutting stylus, it should be

pressed into the cutting arm in such a
manner that the flat side on the shank of the
cutting stylus is in front and is the surface
that the retaining screw tightens up on.
When the cutting stylus is correctly placed
in the cutting head and thecutting head placed
on the record a small shaving will be seen to
be cut out of the record material. If the
needle is in backwards, it will not in any
case operate correctly.

Extreme care should be exercised to see that
this cutting stylus is held in the cutting arm
tightly. Owing to the fact that the cutting stylus
is of very hard Norwegian razor steel and that
the retaining screw is hardened also, there is a
tendency for the cutting stylus to become
loosened in the head. It is suggested that the
retaining screw be given a little tightening turn
each time a recording is made.

Under no circumstances allow the cutting
stylus to rest on table top or any other metal
because its point is razor sharp and it will be
dulled if this precaution is not taken.

Effect of Dull Cutting Stylus

With proper care the cutting stylus will
cut dozens of records satisfactorily before

being dulied so that replacement is necessary.

Many times it may seem from casual ob-
servation that because an incorrect cut is
being made, an adjustment is in order to
bring about correct depth of cut. Actually
the trouble may be due to the cutting stylus
having become dulled, either accidentally or
through natural wear. '

It is well to' FIRST TRY A NEW CUTTING
sTYLUS before making any adjustments, to
preclude the necessity for a complete read-
justment. Adjustments made with a dulled
cutting stylus being used will have very
little effect upon the depth of cut.

Depth of Cut

The depth of cut may be observed by
holding the record in such a position that a
light is reflected from the groove. If the
depth of cut is correct, the grooves will ap-
pear to be about as wide as the spaces be-
tween them.

The correct depth of cut will produce a
thread cut from the record surface that is
firm, although neither coarse and stiff, nor
light and “fluffy.”

Provided a new cutting stylus, or one
known to be in perfect condition, is being
used, the correct depth of cut may be
gauged by permitting the cuttings to remain
upon the record until completed, then rolling
the cuttings into a hard ball. The size of the
ball thus obtained should be approximately
34 inch in diameter for the 614 inch record.

The depth of cut is regulated by an ad-
justment of the flat head screw on the top of
the recording arm, Figure 77.

Turning the screw to the right (clockwise)
increases the depth of cut.

Turning the screw to the left (counter-
clockwise) decreases the depth of cut.

Important Notes

Leveling:

To derive the best operation from this
equipment, it should be very nearly level in
all directions. Because of the fact that many
floors are not level, it is suggested that
something round, like a round lead pencil, or
a marble, be placed on the top of the equip-

., ment to test which way it is low. The top

may be levelled by shimming the low side.
Both the operation of cutting the records
and reproducing them will be improved if
this precaution is taken.

Groove Jumping with Offset Head:

Some phonograph instruments are
equipped with an offset, reproduction head.
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By this is meant a head that is at an angle to
the pickup arm. If it is desired to play
records on this type of phonograph repro-
ducing equipment, it is suggested that a
minimum internal diameter of 314 inches be
used. Otherwise the needle may have a
tendency to jump out of the record groove.

Groove Depvth:

In some of the early Recordio models the
adjusting screw was threaded throughout
its full length, although only the lower por-
tion of the screw over a span of approxi-
mately 33 inch contributes to the useful
range of adjustment. If the adjusting screw
is turned in a clockwise direction so as to
raise the spring holding lug to the upper
threaded portion of the screw, the adjust-
ment will have passed through a “dead-
center” position, which will cause a bobbing
up-and-down movement of the cutting head.

If it is found that when using a new cut-
ting stylus, the depth of cut is too shallow,
and the adjusting screw has been turned to
the full clockwise position in the later mod-
els, or to the upper limit of the useful range
in the older models, this is an indication that
the balance spring’is too strong. Its tension
may be decreased by spreading the coils of
the spring with a pair of diagonal cutting
pliers.

Caution: Care should be used in remov-
ing and replacing the cutting head, when
occasion arises, so that the balance spring is
not stretched to a length that will prevent
its returning to normal length and tension.

When the cutting head is in proper ad-
justment and the recording arm is raised to a
position approximately 25 to 30 degrees from
the vertical plane, the cutting head should
float freely in its mounting, with equal up
and down movement. The balance spring
holding lug should be in a position on the
adjusting screw approximately 14 inch from
the shelf which holds the riveted end of the
screw. (Fig. 77)

Observe that the leads connecting to the
cutting head are shaped to form an *S,”
and that these wires are kept in the clear—
not touching the balance spring. Also, the
wire leads should not be permitted to droop
(arm horizontal) so that they will rub on the
turntable. Also observe that the holding
tongues of the finger grips on the nose of the
recording arm are bent back sufficiently so
as not to interfere with free movement of
the cutting head.
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Height of Recording Arm Adjust-
ment

The components of the recording arm as-
sembly are positioned so that the cutting
head is parallel, and the stylus is perpen-
dicular to the record surface (Fig. 77), which
condition obtains oNLY with the nose of the
recording arm adjusted to the correct height
of 14 inch above the record surface.

An adjustable stop (arm height adjusting
screw, Fig. 77) is mounted on the arm plat-
form to provide a means for adjusting the
height of the recording arm. With a blank
record on the turntable and a WiLcox-Gay
cutting stylus inserted in the cutting head,
the arm height adjustment should be made
so that the bottom of the recording arm is
14 inch from the record surface as shown

in Fig. 77.

The connecting wires from the cutting
head should not be allowed to double up be-
tween the arm and arm platform, but should
feed freely through the hole in the platform
as the arm is lowered. Otherwise, the doubled
up wires may prevent the arm from com-
ing to rest on the head of the height adjust-
ing screw.

There is little likelihood that the arm
height adjusting screw will get out of adjust-
ment due to the lock nut becoming loosened.
However, there is the possibility that the
recording arm may be roughly handled by
the operator. If the arm were to be forced
backwards after having been raised to its
vertical position—or if, while being lowered
to its horizontal position to the right of the
turntable, the arm were dropped or forced
downward, the plate on which all of the re-
cording mechanism is mounted may be bent
or sprung slightly. This would destroy the
14 inch height adjustment, and readjust-
ment of the arm height adjusting screw
would be necessary to bring the nose of the
recording arm to exactly 4 inch above the
record surface.

Also, the straddle plate (Fig. 77) may be
bent down, which would effect the arm
height adjustment. In this event, the straddle
plate should be removed and straightened.
This is most easily accomplished with the re-
cording arm in the lowered position. Grasp
the heel of the arm with the left hand and
raise the arm horizontally, at the same time
removing the arm lift lever from the slots in

the straddle plate. The straddle plate may
now be removed by sliding it towards the
rear.

The importance of the arm height adjust-
ment may be‘judged by a study of Fig. 77.
Note that the balance spring serves to hold
the knife-edge pivot of the cutting head
mounting fully seated in the “V” shape
trunnion bearing of the cutting head mount-

ing bracket. Also, that the “pull” of the’

spring is slightly downward, as well as hori-
zontal.

The initial tension and length of the bal-
ance spring must be such that when adjusted
to the proper tension to produce the correct
depth of cut, the spring holding lug will be
positioned on the adjusting screw as shown,
to create a slight downward “pull” on the
cutting head mounting.

As the stylus end of the cutting head is
raised and lowered slightly, when cutting
records which are not perfectly flat, the cut-
ting stylus varies from its perpendicular
plane, and the angle of the cutting edges of
the stylus also vary. This tends to produce a
varying depth of cut which would place a
varying load on the motor, resulting in a
variation in the average pitch or tone of the
recorded music ot speech. This effect is com-
monly called “wow.” However, the spring
tension, and consequently the stylus pres-
sure, also varies. This variation in stylus
pressure opposes the effect of the varying
stylus position, resulting in a substantially
uniform depth of cut.

It can be seen that if the balance spring
were adjusted to a horizontal position with
respect to the plane of the cutting head—

(a) The downward “pull” of the spring
would be lost, resulting in a pro-
nounced variation in the depth of
cut when cutting a record having a
slightly warped surface.

(b) The cutting stylus would have a
tendency to chatter or dig into the
record, due to the ‘“‘dead-center”
position of the spring.

It can also be seen that if the arm were
adjusted to an incorrect height above the
record surface, the cutting stylus would not
be perpendicular, and the tendency towards
a greater variation in the depth of cut,

which would be more pronounced, would not

be fully compensated by the counteracting
effect of the varying tension of the balance

spring.
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Record-Changer Service Data

Supplement No. 5 to the 3rd Edition Mallory
Radio Service Encyclopedia, published in
February of 1940, contained complete service
material on Capehart, Farnsworth, Garrard,
Magnavox, RCA, and Webster record
changer equipment current at that time. It
was the first step taken in the direction of
supplying data on all types of changers for
use by the radio servicemen in this some-
what puzzling, but rapidly expanding and
lucrative phase of radio receiver mainte-
nance.

The field has grown tremendously, with
wider application of mechanisms then in use,
and the introduction of new or improved
changer systems. A really comprehensive
treatment of service operations on all models
now existent would entail a large volume on

the subject of changer systems. We are
happy to say that Mr. John F. Rider has
certainly fulfilled this requirement with his
excellent book “Automatic Record Chang-
ers and Recorders.” For all those servicemen
actively engaged or desirous of entering the
record changer maintenance field Mr. Rid-
er’s book is a “must.”

The response to publication of the changer
section of Supplement No. 5 was so enthu-
siastic, and the number of requests for re-
prints so large that we are including this
material in this Technical Manual. Many
of the types are basic, so that the service
material can be used for later models. How-
ever, on mechanisms not covered, we re-
spectfully refer you to Mr. Rider’s book just
mentioned.

Capehart — Model 16-E De Luxe Record Changer

1. To Locate and Adjust the Record
Tray. (6687) (Fig. 83). In assembling the
record changer, the first tooth of the driver
quadrant (3551) (Fig. 82) should mesh with
the second tooth of the driven quadrant of
the tray as shown.

6257

With the two gears properly meshed,
loosen the Allen set serews which hold pins
No. 34133, Fig. 78, in place. This will allow
you to move the record tray sidewise, adjust
tray sidewise until the turntable spindle is
exactly in the center of the 10” record level
of the record tray. (The 10” record level is
that part of the tray where the felts No. 4913
are indicated in Fig. 83.)

With the control lever in the “one side”
position, run the record changer through its
cycle until the large hole in the main cam is
exactly half way past the upper edge of the
record tray cam follower, as shown at No. 82,
Fig. 1. At this position, the points of the
ten-inch felts (4913) (Fig. 83) should be level
with the top of the turntable felt. If this tray
is too low or too high, it may be adjusted to
the proper level by loosening the eccentric
screw (3237) (Fig. 78) No. 4 and turning this

screw until the proper level is obtained. Be
sure to tighten the lock nut after adjustment.

If the tray is too high, at this position, the
ten-inch records will not be centered over
the turntable spindle. If the record tray is
too low, the ten-inch records will slide out
over the ten-inch tray shoulder and not
properly center.

2. The Adjustments of the Record Mag-
azine. Before attempting to adjust the mag-
azine, be sure that the center of the maga-
zine pivot pins (34132) (Fig. 78) is 833"
above the base plate. This height is very
important and we recommend checking the
height of the right hand pin, when looking at
the magazine, before any adjustments are
made.

The record magazine is positioned by
moving it sideways on its bearing or pivot
pins. The two set screws underneath the
pivot pins lock the magazine in position.
Loosen these set screws, then see that the
left hand side of the record reverse assembly
fork (part of 6228, Fig. 83) is between 33”
and #%” inside the left hand side of the Re-
verse crank, when looking at the magazine.
That is, the left hand edge of the record
reverse fork is about 35" or 5” to the right
of the left hand edge of the crank. After
moving the magazine, lightly set up the set
screws. Then with the selector arm in the
“Repeat” position swing the record reverse
arm around in front of the magazine, to see
whether the record guide strikes either of
the record support pins (34138) (Fig. 83). If
the guide strikes either of the support pins it
will be necessary to bend the pin away from
the guide so they can not strike. If it is neces-
sary to bend either pin, set the control lever
in the “Repeat” position, then raise the

record tray by hand, with a 10” record on it,
observing the way the record strikes the
support pins, the record should hit both
pins about 5" from the end of the pin; if it
does not it will again be necessary to adjust
the pin until the record hits both pins an
equal distance from the ends. If it is neces-
sary to bend the pins, check the clearance
between the record guide arms and the pins
and between the arm carrying the record
guide and the right hand pin. Also if the
magazine has been shifted it is necessary to
see that the two points, which extend down-
ward from the magazine, have ample clear-
ance in the channels, in the record tray,
which are provided for their passage. If
there is possibility of the points striking it
probably means the magazine has been
shifted too much.

If the magazine has been adjusted, it is
also necessary to see that the record sepa-
rator hook (6226) (Fig. 78) does not bind in
the slot in the end of the record separator
arm (6445) (Fig. 83). If it does the section
covering these parts gives the adjustment.

3. Magazine Stop Screw. The magazine
stop screw No. 2, Fig. 82, should be adjusted
so that the crank pin (part of 6230, Fig. 78)
is approximately {” from the edge of the
record reverse arm fork (part of 6228, Fig. 83)
which is furthest from the magazine, when
the record reverse guide is in front of the
magazine, that is, in the reversing position.
4. Magazine Link Adjusting Screws (No.
2) (Fig. 78). The record magazine should al-
ways come back snugly against the magazine
stop screw, No. 2, Fig. 82. If it does not, itis

"necessary to loosen the two set screws (No.

2, Fig. 78) to a sliding tension and run the
record changer through a cycle of change.
When the magazine has reached the hori-
zontal position, as shown in Fig. 78, press
down on the lower end of the magazine; this
will lengthen the link assembly. Then when
the magazine returns to its normal position,
the magazine link will adjust itself so that
the magazine is snugly against the stop
screw. Then tighten the magazine link serews.
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Fig. 78

2722 Switch AC Line
3059 Escutcheon Plate Off-On
3237 Shoulder Screw—Record Tray Slide
3982 Spring—Separator
4018 Main Shaft Bushing
4020 Record Magazine Bushing
4719 Magazine Link Upper
4720 Magazine Link Lower
4925 Record Tray Shield Felt—Outer
5044 Stop Lever Roller Tubing
5658 Pickup Arm Lever Hook
5765 Pickup Cover
6178 Chassis Plug
6226 Separator Hook and Arm Assembly
6228 Record Reverse Arm and Fork Assembly
6230 Reverse Pinion and Crank Assembly
6693 Record Bumper Guide and Felt Assembly
34132 Pin—Magazine Pivot
34133 Pin—Record Tray Pivot
34147 Pin—Record Tray Slide
43159 1 "—28 Hex. Cap Nut
43160 Lock Nut for Pivot Screw
64197 Pickup Arm Stop Lever Assembly
(Specify color).
662?4 Steering Arm Assembly.
| 6—32x 34 ” Pickup Stop Lever Screw

NOTE: In ordering any part that is painted,
please specify color wanted.

5. Record Reverse Guide (6444) (Fig. 83).
With a 12” record in the magazine the record
reverse guide assembly (6444) (Fig. 83)
should be parallel with the record when in
the reversing position, in front of the mag-
azine.

If the record reversing assembly is parallel
with a 12” record as above, it should come
around and lay against the reverse guide pin
tubing (34134) (Fig. 83), if the eccentric cam
(3825) (Fig. 85) is properly adjusted. This
cam can be adjusted, by loosening the screw
through the cam and turning it so that the
record reversing assembly returns to the re-
verse guide pin tubing. Care should be taken
when making this adjustment so that the
crank pin (part of 6230, Fig. 78) does not
hold the reverse guide away from the pin
tubing. This cam should be turned so that
the reverse guide assembly just touches the
pin tubing; if the cam is turned too far it will
allow the reverse guide assembly to hit the
pin tubing, but in the reversing position the
assembly will not be able to assume a posi-
tion parallel with a 12” record.

6. Reverse Assembly Link Rod. Loosen
lock nut No. 9, Fig. 80, while the record
changer is in the reversing position, that is,
when the reversing assembly (6444) (Fig. 83)
is in front of the magazine. Remove the
screw (3241) (Fig. 85) holding the reverse
segment link (34141) (Fig. 85) to the reverse
segment (3550) (Fig. 85) and lengthen or
shorten the link, by the link thread until the
reversing crank (6230) (Fig. 78) stands with
the crank pin just barely touching, but not
binding, against the front side of the fork
(6228) (Fig. 83). After the adjustment has
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been made, lock the link in place with the
lock nut No. 9, Fig. 80.

7. Record Separator Adjustment. The
separator stop No. 3, Fig. 78, should be ad-
justed so that a small 10” record will posi-
tively clear the knife portion of the separator
lever as shown in the following illustration.
A standard to use is to make certain that
there is approximately 3%” clearance be-
tween the edge of the small record and the
point of the separator lever, as shown at
“A” in illustration below. However, it may
be necessary to vary one way or the other
from this measurement, depending on
whether or not the slotted end of the record
separator lever goes over the hook (6226)
(Fig. 78) without binding.

8. Record Separator Hook Adjustment.
After adjusting the record separator it will
be necessary to check the record separator
hook (6226) (Fig. 78) to see that it enters
the slot in the record separator without
binding. This hook is threaded and by loos-
ening the locknut the hook can be turned in
either direction, to raise or lower it. After
the correct adjustment is obtained, tighten
the locknut.

It should never be necessary to change
these adjustments on record changers unless
they have been tampered with by an inex-
perienced person.

9. Separator Hook and Arm (6226) (Fig.
89). Be sure set screw No. 10 in Fig. 85 is
screwed all the way in.

10. Record Magazine Bushing (4020)
(Fig. 78). If a ringing noise is heard while the

419 8
[ 34133 4693

6230
1y,

instrument is changing records, i.e., such a
noise that might be made by a spring, it will
be found ‘that the Durex bushing (4020)
(Fig. 78) is too tight, in which case it will be
necessary to loosen the lock nut of the hold-
ing bolt, and back the bolt out, from a
quarter to a half turn, then tighten the
lock nut.

11. To adjust the Tone Arm Height.
To adjust the tone arm height, first place a
12” record on the turntable and adjust the
tone arm stop lever (64197) (Fig. 78) so that
the record hits the rubber roller (5044) (Fig.
78) in the center. Start the record changer
through a cycle and stop it when the tone
arm lever hook (5658) (Fig. 78) just touches
the stop lever assembly. In this position ad-
just the tone arm height so that the top of
the stop lever is the same height as the
center of the hook. This adjustment is made
by loosening the two Allen set screws at the
rear of the tone arm. These Allen set screws
are accessible by raising the tone arm by
hand. After making the height adjustment it
is necessary to make certain that there is a
clearance of approximately 24” between the
pickup head and the record tray. This dis-
tance may be checked between the bottom
of the record tray and the bottom of the
pickup when therecord tray is approximately
parallel with the pickup.

12. To adjust the Pickup Elevation.
When the tone arm swings in towards the
record, the pickup arm lever hook (5658)
(Fig. 78) comes to rest against the pickup
arm stop lever (64197) (Fig. 78) and when
the tone arm lowers the pickup toward the
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record it pauses momentarily before the
pickup arm lever hook goes through the stop
lever. If the record changer is stopped during
this pause, it will be found that the ball in
the end of the pickup arm lift shaft (6457)
(Fig. 86) is at the point marked “L” in
Fig. 86 on the lift cam (6449) (Fig. 86).
Now if the pickup, with a needle in the
proper position, is moved beyond the edge
of the record, the point of the needle will
extend below the top surface of the record a
distance equal to half the thickness of the
record. The correct elevation of the pickup
is made by the screw in the underside of the
tone arm fork against which the pickup
cover rests. Loosen the locknut, adjust the
screw to bring the needle to the position
mentioned above, then lock the locknut.

13. Pickup Feed in Adjustment. The
collar of the pickup arm swing lever and
collar assembly (6232) (Fig. 86) should ride
on the leather facing of the friction cam
(6691) (Fig. 87) until the pickup arm lever
hook (5658) (Fig. 78) has engaged the stop
lever (64197) (Fig. 84). Then a slight amount
of friction should be maintained after the
ball at the end of the pickup lift arm (6457)
(Fig. 86) has engaged with tlte lift cam
(6449) (Fig. 86). This friction should be
maintained until the needle has touched the
record, otherwise the pickup arm may move
away from the stop lever and the needle
miss the record. If the friction be maintained

too long the needle may be forced beyond
the first playing groove. To adjust this, the
pin locking the friction cam to the main cam
shaft should be driven out and the Allen
set screw loosened to a sliding tension. The
cam is rotated forward, in the direction of
rotation of the main cam shaft, to maintain
the friction a longer time and backward to
maintain it for a shorter time.

14. To Adjust the Pickup. After
removing the pickup cover, it should be
noted whether the stylus (5610) (Fig. 87) is
centrally located in respect to the pole pieces
(569) (Fig. 87). To center the stylus loosen
the locknuts (99-11-1) (Fig. 87), then loosen
the two headless set screws (99-28-3) (Fig.
87). These set screws hold the spool assembly
(6711) (Fig. 87). The spool assembly should
be shifted until the stylus is centralized with
the pole pieces, then tighten the set screws
carefully, so as not to crack the spool, then
tighten the lock nuts.

If for any reason it is necessary to shift
the pole pieces, which are held to the back
by two screws, the two set screws holding
the spool should be loosened before attempt-
ing to move the pole pieces. If any adjust-
ment of pole pieces is made, carefully check
the centering of the stylus before replacing
the cover by means of its three screws.

15. To Adjust the Stop Lever Hook
(5658) (Fig. 78). Always adjust the tone arm

Fig. 79

3243 Shoulder Screw—Repeat Lever

3244 Shoulder Screw Clutch Throwout Lever

3317 Screw—Clutch Throwout Cam

3319 Screw—Turntable Shaft Collar

3995 Spring—Reverse Arm

5333 Main Clutch Fork Lever

6326 Worm and Bushing Assembly

6450 Reverse Cam Arm and Roller Assembly

6460 Clutch Throwout Lever and Spring As-
sembly

6719 Turntable Drive Shaft Assembly

position on a 12” record before adjusting for
a 10” record. Adjust the tone arm stop lever
hook (5658) (Fig. 78) by moving it in or out.
This hook is locked in place by a set screw
in the stud whose nut is shown in Fig. 78 as
No. 43159. This set screw is at the bottom
of this stud. Adjust the hook so that it will
pass through the notch in the pickup arm
lever (64197) (Fig. 78) without binding
against the top or bottom of the notch,

“when in the playing position. With a 12”

record on the turntable, the rubber roller
(5044) (Fig. 78) against the edge of the rec-
ord and the stop lever hook (5658) against
the blade of the stop lever (64197) the
needle should stop on the record exactly 5
from the edge of the record.

With the record changer in exactly the
same position as described above, and with
a 10” record on the turntable and the hook
(5658) (Fig. 78) against the blade, the stop
lever should allow the needle to stop on the
record 34" from the edge of the 10” record. A
6-32 screw shown in Fig. 78 is provided for
making this adjustment, simply by screwing
it in or out. A check should be made for
clearance between the roller and the tray,
this roller should never bind on the record
tray. This can be taken care of by slightly
bending the tone arm stop lever (64197)
(Fig. 78) up or down. If it is necessary to
bend the stop lever it will be necessary to
readjust for 12” records.
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Fig. 80

2764 Switch Assembly—Solenoid and Motor
3550 Record Reverse Pinion Segment
3977 Spring—Magazine Slide Arm
3986 Spring—Solenoid Lever Torsion
5326 Record Reverse Cam Shaft Lever
6178 Chassis Plug 5 Prong
6713 Solenoid Assembly
34140 Pin—Long, Reverse Segment

16. To Adjust the Clutch Throwout
Lever and Cam. The clutch throwout lever
cam is shown at 15 in Fig. 79 and is adjusted
by loosening the shoulder screw (3317) (Fig.
79) to a sliding tension after the record
changer has been stopped in the playing
position. The clutch throwout lever eam
should just clear the point of the turntable
throwout cam (6448) (Fig. 87) with the
clutch disengaged. Unless clearance between
the turntable throwout cam and the clutch
lever throwout cam is maintained the record
changer will jam. If too much clearance is
allowed the turntable throwout cam will not
disengage the clutch and the record changer
will continue to change records without
playing them.

17. To Adjust Solenoid Wedge Spring.
This phosphor bronze spring is located on one
of the three spacers used to mount the sole-
noid plate bracket to the solenoid bracket.
It is used to prevent clutch chatter or hounce
when the clutch engages. The only adjust-
ment is to bend the spring to a snug fit with
a long screw driver so as to increase or de-
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crease its pressure on the solenoid to clutch

lever (6455) (Fig. 88).

18. To Adjust the Reverse Cam Shift
Lever (5326) (Fig. 82). This lever is moved
by the record control shaft (3724) (Fig. 89)
and is held in position by an Allen set screw.
It should be positioned on its shaft so that
the record reverse cam (6325) (Fig. 81) is
firmly engaged with its pin (34144) (Fig. 85)
in the “Both Sides™ position. In the “One
Side” and “Repeat” positions it should have
good clearance with the pin. If any adjust-
ment of this lever is made be sure to check
the setting of the Reverse Cam Arm and
Roller Assembly (6450) (Fig. 85) as in-
structed in Section 7 of the instructions on
replacing a reverse cam.

19. To Adjust the Record Repeat Lock
Lever (5334) (Fig. 89). The purpose of this
lever is to prevent accidental shifting of the
Selector Arm while the instrument is not in
the playing position. In the “Repeat” posi-
tion this lever is on the side of the Solenoid
to Clutch Lever (6455) (Fig. 88) away from
the main cam. In the “One Side” and “Both

THE MYE TECHNICAL MANUAL

Sides’ positions it is on the main cam side
of the solenoid to clutch lever. With the tone
arm in the playing position (Main Clutch
Disengaged) this lock lever should clear the
solenoid to clutch lever by approximately
15" when moved under it.

20. To Adjust the Reverse Cam Lock
Lever (5339) (Fig. 89). This lever should be
on the main cam side of the solenoid to
clutch lever when in the “Both Sides™ posi-
tion. And on the oppasite side when in the
“One Side” and “Repeat” positions. With
the main clutch disengaged the lock lever
should clear the solenoid to clutch lever by
approximately 7¢” when moving under it.

2]. To Adjust Reverse Cam Arm and
Roller Assembly (6450) (Fig. 81). See Sec-
tion 7 under Instructions for Replacing a
Reverse Cam.

22. To Adjust Record Repeat Throwout
Lever (4663) (Fig. 89). No adjustment of
this part is necessary. ‘

23. To Adjust Record Repeat Clutch
Lever (5332) (Fig. 89). The adjustment of
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this lever is made by loosening the Allen set
screw to a sliding tension then moving the
part along the shaft. The sliding clutch
should engage in the “One Side” and “Both
Sides” positions, but should be disengaged
in the “Repeat” position. The fork of this
lever should not bind the sliding clutch in
either the “Repeat” or “Both Sides” posi-
tion.

24. Lateral Location of the Main Cam
Shaft. Both end bearings of the main cam
shaft are movable, and are used to locate the
cam shaft in its proper lateral position, as
well as adjust the amount of end play. The
main cam shaft is located laterally so that
the ball in the end of the tone arm lift rod
(6457) (Fig. 86) travels in the exact center
of the tone arm lift cam (6449) (Fig. 86). As
shown at H in Fig. 86.

25. To Adjust the Stop Trip Switch
(2792) (Fig. 84). This switch is accessible by
removing the turntable, which will expose
the switch cover. To remove the switch
cover it is necessary to remove the trip arm,
which goes through the switch cover and the
two flat head screws which hold the cover in
place. The clearance between the contact
points on the fixed and movable arms of the
switch should be 75”. After replacing the
trip arm (6510) (Fig. 84) in the switch, after
the switch cover has been removed, set the
turntable on the spindle, push stop trip arm
(4533) (Fig. 84) slowly about 1{” toward the
magazine and then turn the turntable

through one complete revolution. This will

insure the fibre cam, on the turntable, re-

setting the trip switch, the clearance be-

tween the trip arm and the movable arm of

the switch should be 3%”. The distance be-

tween the trip arm and tPe switch trip
1n

guard finger should also be 33”.

To adjust the clearance between the trip
arm hook (6510) (Fig. 84) and the movable

switch arm, loosen the screw in the bakelite

switch base, at the end nearest the tone arm.
Move the switch until 35” clearance is se-
cured between the trip arm hook and the
movable arm of the switch, then tighten the
screw holding the switch. In making this ad-
justment be sure that the stationary arm of
the switch is not bent when tightening this
screw.

On some models a headless set screw, near
the end of the coil spring, is used to lock the
switch in position; loosen this screw, adjust
the switch, then tighten the set screw.

26. To Adjust the Solenoid Motor Switch
(2764) (Fig. 80). After the switch cover has
been removed the switch is exposed. The
upper switch points should make good elec-
trical contact, while the main clutch is dis-
engaged, in this position the clearance be-
tween the bottom points should be approxi-
mately 35”. While the clutch moves from the
disengaged to the engaged position the upper
switch points should remain closed until the
lower set of points are closed. When the
clutch is fully engaged the lower points
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Fig. 81

1173 Condenser—0.1 Mfd. 400-Volt (in can)
3238 Shoulder Screw—Magazine Slide Arm
3243 Shoulder Screw—Repeat Lever

3550 Record Reverse Pinion Segment

3826 Record Repeat Sliding Clutch Cam
3976 Spring—Record Separator Hook Lever
3977 Spring—Magazine Slide Arm

3978 Spring—Record Repeat Clutch

3995 Spring—Reverse Arm

6450 Reverse Cam Arm and Roller Assembly

should make good contact and the clearance
between the upper points should be ap-
proximately #%”.

To adjust the switch loosen the screw
through the bakelite switch base at the rear
of the switch assembly. After the position is
found where proper clearance is secured,
with the clutch engaged and disengaged, the
switch should be locked in position with
the screw.

In some machines a headless set screw is
used to lock the switch in position. This
screw is near the point of the tapered bake-
lite insulating block. Loosen this screw and
adjust switch to get proper clearance then
lock the switch in position by the set screw.

The two upper contacts are in series with
the auto trip switch and the two lower con-
tacts are shunted across the motor switch.
When the clutch is engaged the auto trip
switch is out of circuit and the motor switch
is shunted by the lower contacts thue insur-
ing the completion of the change cycle even
though the instrument is switched to radio
or turned off.

27. To Adjust the Friction Joint of
Automatic Trip Switch. The amount of
friction necessary in the friction joint be-
tween the auto stop trip lever—long (6510)
(Fig. 84) and the auto stop trip lever—short
(4533) (Fig. 84) should be just sufficient to
close the automatic stop ‘trip switch (2792)
(Fig. 84). The friction is regulated by ad-
justing the screw which tightens the flat
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Fig. 82

3240 Shoulder Screw—Reverse Segment
3243 Shoulder Screw—Repeat Lever

3319 Screw—Turntable Shaft Collar

3539 Worm Gear—Main Drive

3550 Record Reverse Pinion Segment

3551 Record Tray Gear—Driver

3826 Record Repeat Sliding Clutch Cam
3976 Spring—Record Separator Hook Lever
3977 Spring—Magazine Slide Arm

3978 Spring—Record Repeat Clutch

3981 Spring—Record Reverse Cam Control
5326 Record Reverse Cam Shift Lever

-

spring (3998) (Fig. 84). If the tension is too
great the instrument may trip before finish-
ing a record, if not enough tension is had the
instrument will not change records when the
needle hits the automatic change groove.

28. Record Size Limit. The 16-E Series
record changer will play any 10”7 or 12”7
record of standard size. The minimum size
for 127 records is 1174”. The minimum size
for 10” records is 93%”. Records smaller than
these limits are very apt to miss centering
over the turntable spindle and in most cases
are broken.

These record changers will automatically
trip on any record having an automatic stop
change groove, either spiral or oscillating,
where the blank space in the center of the
record is not more than 614” in diameter.

29. Records. Always inspect the records to
see that no rough edges are present. Occa-
sionally you will find a record which has a
rough outside edge. This rough edge will
greatly interfere with the satisfactory per-
formance of the record changer. A small
piece of No. 00 sandpaper will assist you
greatly in removing this rough edge.
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30. To Adjust the Vertical Bumper
Guide (6693) (Fig. 83). This guide is located
back of the magazine cross bar (6685) (Fig.
83). After the records are separated from the
magazine they are guided in dropping off
the separator so they hit the center of the
record bumpers (5081) (Fig. 83). This ver-
tical bumper guide also guides the records
when the elevating hook, on the rear of the
record tray lifts the record. The vertical
bumper should be set back just far enough
to allow a 12” record to drop onto the record
bumpers freely. The lower part of the ver-
tical bumper, which extends into the record
well, should extend toward the center of the
well rubber bumpers far enough to make
sure that the upper edges of the records fall
behind the points of the upper record sup-
port (5517) (Fig. 83). This adjustment is not

“eritical. In most cases it will be found that

the upper end of the vertical bumper will
just clear the elevating hook on the rear of
the tray. In cases where it is found that 10”
records are chipping about the edges, due to
bounding against the points of the upper
record support (5517) (Fig. 83) it will be
necessary to bend the vertical bumper (6693)
(Fig. 83) back at the top to a point where it
just barely clears the elevating hook at the

rear of the tray. It should never be bent
back far enough to raise the front of the tray.

31. Clutch Clearance. The clearance be-
tween the driven (6326) (Fig. 87) and driv-
ing (3630) (Fig. 87) members of the clutch
should be approximately .020” (twenty
thousandths), and is adjusted by loosening
screw No. 16 (Fig. 80) to a sliding tension
and adjusting the clutch fork (5333) (Fig.
79) and the solenoid to clutch lever and pin
assembly until the proper clearance is ob-
tained. After adjustment is made lock the
screw No. 16 (Fig. 80). .

32, Motor Connections (21131). The °

21131 motor is a synchronous motor and
will run equally well in either direction,
when properly connected. For this reason,
all motors shipped from the factory are
equipped with a terminal strip and cable.
However, if it should ever be necessary to
disconnect the leads from the terminal strip
the leads should be replaced in the following
order: With the cable extending to the right
of the terminal strip and the mounting lugs
pointing downward, and the soldering lugs
towards you, the leads go on from left to
right in the following order—small black,
black with yellow tracer, blue and large

|
v
|
|
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black. In that order they are ground, one
side of 110-volt line, one side of the con-
denser, and the remaining 110-volt and con-
denser leads. The motor terminal strip should
be ‘mounted to the cabinet terminal strip so
that the cable extends to the right, with the
soldering lugs towards you.

33. Oiling Instructions. Due to its care-
ful design and precise workmanship, the
Capehart 16-E record changer requires a
minimum of oiling.

About once each year a light coat of
vaseline or petroleum jelly should be ap-
plied to all moving surfaces which were
coated with graphite at the factory.

A very light coat of vaseline should be ap-
plied to the surfaces of the magazine, indi-
cated at “A” in Fig. 83. It is best to apply
this coating every six months. The vaseline
should be applied with, and removed by, the
fingers, on the magazine faces. Do NoT USE
EXCESSIVE AMOUNTS OF LUBRICANT ANY-
WHERE ON THE RECORD CHANGER.

A good grade of machine oil, not too light,

3434

‘o A
/ 6444
’ ¥

~ 3242
" /5
/5 6

6445

6228
4659

should be used on the sliding clutches, re-
verse cam shaft and all eccentric and
shoulder screws.

NEVER oL THE “DUREX” BUSHINGS, AS
THIS WILL CAUSE THEM TO DISINTEGRATE.

Once each year the motor oil cups should
be oiled with a good grade of motar oil. At
the same time the gear hox should be in-
spected, and the grease replaced if it has
become hard. A good mixture to use here is
75% vaseline and 25% SAE 40 motor oil.

34. Instructions for Replacing the Rec-
ord Reverse Cam and its Adjustments.

1. Set record changer in the playing posi-
tion. Carefully mark the drive gear (3516)
(Fig. 87) on the main shaft and the driven
gear shown as part of 6623, Fig. 87, by prick
punch marks or scriber, so that the same
teeth can be engaged after reassembly, thus
insuring proper timing.

2. Remove the two bolts, one (3238)
(Fig. 81) securing the magazine slide and
roller assembly to the magazine slide arm

Fig. 83

3239 Shoulder-Screw-Magazine Link

3242 Shoulder Screw—Separator

3356 Pickup Needle Screw (Magnetic)

4320 Turntable Drive Shaft Cap

4431 Automatic Stop Trip Quadrant Bracket

4659 Record Reversing Arm Lock

4664 Record Reverse Arm Lock Stop

4912 Record Tray Felt—Large

4913 Record Tray Felt—Small

4915 Record Magazine Felt

4916 Lower Record Support Felt

4917 Record Bumper Guide Felt

4923 Magazine Side Felt

4925 Record Way Shield Felt Quter

5036 Record Tray Bumper—Front

5037 Record Tray Bumper—Rear

5042 Reverse Arm Bumper

5081 Record Bumper

5482 Pickup Arm Base

5517 Record Support—Upper

5615 Record Reverse Guide

5766 Pickup Arm

6228 Record Reverse Arm and Fork Assembly

(Specify color)

6444 Record Reverse Guide Assembly

6445 Record Separator and Hub Assembly

6510 Automatic Stop Trip Lever Assembly
6669 Pickup Arm Assembly complete
6685 Lower Record SBupport Assembly
6686 Record Magazine Assembly
6687 Record Tray Assembly
6693 Record Bumper Guide and Felt Assem.

34134 Pin—Reverse Guide Stop

34138 Pin—Record Support

34145 Pin—Record Control Rod

39130 Record Reverse Guide Spring

64197 Pickup Arm Stop Lever Assembly

(Specify color)

lever, and one (3237) (Fig. 78) securing the
record slide arm and stud assembly to the
record tray drive crank.

3. Looking in from the rear of the instru-
ment, remave the Durex bushing from the
end of the main cam shaft, nearest the
motor drive shaft. This is accamplished by
loosening the holt to the right of the main
shaft. Care should he taken when replacing
this bushing so as not to tighten the balt
enough to crush the bushing; a snug fit anly
is required.

4. Remave lawer half of hearing and
Durex bushing from the other end of the
main cam shaft and work the cam shaft out
of the record changer. The same precaution
against crushing this bushing should be
taken with this one as with the ohe in the
preceding section.

5. Remove taper pin from gear and loosen
set screw in the collar, both shown as 6233
in Fig,. 85, of the reverse cam shaft assembly,
as well as the pin (34144) (Fig. 87) over
which the reverse cam forks, when in the
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Fig. 84 Asao R
2792 Record Trip Switch Assembly—complete o ' B
3988 Spring—Automatic Trip Lever Pin 3988
4320 Turntable Drive Shaft Cap o

4533 Automatic Stop Trip Lever—Short

5044 Stop Lever Roller Tubing

6018 Selector Knob

6228 Record Reverse Arm and Fork Assembly
(Specify color)

6510 Automatic Stop Trip Lever Assembly

6723 Pickup Brush Assembly

34134 Pin—Reverse Guide Stop

34145 Pin—Record Control Rod

39130 Record Reverse Guide Spring

64197 Pickup Arm Stop Lever Assembly
(Specify color)

reversing position. After removing the collar
and sliding the gear to one side, file all burrs
from the edges of the holes in the reverse
cam shaft. Slide the shaft through its Durex
bushing toward the rear of the instrument
far enough to allow the removal and replace-
ment of the reverse cam (6325) (Fig. 87).

6. Reassemble the reverse cam shaft as-
sembly, making certain that the taper pin
holes in the shaft and gear are correctly
aligned to permit the taper pins being prop-
erly inserted. The set screw in the collar at
the end of the shaft should be properly
tightened.

7. Remove the reverse cam arm and roller
assembly (6450) (Fig. 79) and make sure
that the roller pin and arm are not bent, if
either of these items are found bent we sug-
gest that you replace the reverse arm and
roller assembly.

8. In reassembling the reverse cam arm
and roller assembly (6450) (Fig. 79) in its
proper position for alignment with the re-
verse cam, be sure the roller is about 35”
inside the ridge on the reverse cam, when the

cam is in the reversing position.
Al
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9. Remove the taper pin from the gear
(3516) (Fig. 87) on the main shaft, which
drives the gear on the reverse cam shaft
assembly (6233) (Fig. 87) and remount the
main shaft to the record changer chassis,
pushing the above gear, from which the pin
was removed, to one side so that it will not
mesh with its driven gear.

10. Locate the main shaft so that the
lower end of the pickup arm left shaft travels
in the center of the pickup arm lift cam, as
shown at “H” in Fig. 86. With the main
shaft in this position, adjust the main shaft
Durex bushings so that there is no end play
in the main cam shaft assembly.

11. Rotate the main cam shaft to the
playing position so that the pickup arm is
lowered over the turntable.

12. Set the reverse cam in its lowest posi-
tion, with the control lever in the “Both
Sides™ position, so that the fork of the re-
verse cam is meshed with the driving pin.

13. Mesh the reverse cam assembly driver
gear (3516) (Fig. 87) with the reverse cam
assembly driven gear so that the identifying
punch marks correspond to the original posi-

tion. The taper pin for the driver gear
should be inserted next. If the assembly has
been properly made there should be ap-
proximately 3%” clearance between the roller
or the reverse cam arm and the reverse cam.
See “A,” Fig. 86.

14. Throw the control lever to the “One
Side” position and rotate the reverse cam
with the fingers until it is i the reversing
position. Again throw the control lever to
the “Both Sides” position. Now there should
be approximately 7" clearance between the
reverse cam and the roller. See “B,” Fig. 86.
If the clearance is not approximately 37" for
both positions of the reverse cam it indicates
either the gears are not properly meshed or
the reverse segment link rod may be bent. A
careful check of the latter while the main
shaft is out will save time and trouble later.

35. Instructions for Removing the 16-E
Record Changer. There is a great possi-
bility, when removing the chassis from the
cabinet, to mar or scratch the cabinet. If you
will place a piece of cardboard around the
record changer it will eliminate, to a great
extent, the possibility of marring the finish.
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A rubber auto mat, with a hole for the record
changer, the same size as the one in the
cabinet, makes an excellent pad. This pad
can be split and is easily put in position and
removed.

Remove the backs from therecord changer,
radio and amplifier compartments.

Remove the screws from the partition be-
tween the radio and record changer com-
partments, so it can be moved back out of
the way.

Remove the wood screw, under the turn-
table, also the three bolts which hold the
record changer down.

Remove the two wood screws that mount
the play control.

Remove the female chassis plug, from the
male chassis plug (6178) (Fig. 78), the pick-
up lead, which runs from the radio chassis to
the terminal block, then dismount the termi-
nal block by removing the wood screw in its
center, the straps holding the shielded lead,
which runs from the shorting switch, and the
110-volt leads to the Play Control.

6450 co46

Release the play control cable and cable
housing from the bracket on the record
changer chassis, by loosening the two set
screws. Care should be taken to prevent
breaking the control cable when removing
it. The end which has been kinked by the set
screw should be straightened before attempt-
ing to reinstall it.

Loosen the two Allen set screws in the
flexible coupling and allow it to slide down
the motor shaft, so as to clear the record
changer shaft.

Move the play control as far into the
radio compartment as possible.

Remove the screw marked “B” in the
illustration on page 109. This is the middle
one of the screws holding the upper record
support.

Remove the magazine link shoulder screw
(3239) (Fig. 83). This will allow the maga-
ziné to be swung out of the way. As soon as
the record reverse arm and fork assembly
have cleared the reverse crank and pin
(6230) (Fig. 78) it should be swung over the
magazine and locked with the record reverse

Fig. 85

3241 Shoulder Screw—Reverse Segment Link

3243 Shoulder Screw—Repeat Lever

3244 Shoulder Screw—Clutch Throwout Lever

3317 Screw—Clutch Throwout Cam

3550 Record Reverse Pinion Segment

3825 Reverse Segment Stop Cam

3826 Record Repeat Sliding Clutch Cam

3976 Spring—Record Separator Hook Lever

3977 Spring—Magazine Slide Arm

3978 Spring—Record Repeat Clutch

3981 Spring—Record Reverse Cam Control

3984 Spring—Tone Arm Lever

3995 Spring—Reverse Arm

5046 Stop Lever Collar Pin Tubing

5331 Record Repeat Throwout Hook Lever

5332 Record Repeat Clutch Fork Lever

5334 Record Repeat Lock Lever

6230 Reverse Pinion and Crank Assembly

6233 Record Reverse Cam Shaft Assembly

6326 Worm and Bushing Assembly

6450 Reverse Cam Arm and Roller Assembly

6460 Clutch Throwout Lever and Spring As-
sembly

6719 Turntable Drive Shaft Assembly

34141 Pin—Short—Reverse Segment

34144 Pin—Reverse Cam Shaft

arm lock (4659) (Fig. 83), to keep it out of
the way.

Lift the record changer up, until the tone
arm just touches the top of the cabinet,
carry it forward through the doors, tilting it :
to keep the main cam clear of the shelf.

All parts of the cabinet liable to damage
should be protected by soft cloths while
removing or installing the record changer.

It is not necessary that the above opera-
tions be carried out in the above sequence.

36. Alignment of True-Tangent Pickup.
When adjusting the TRUE-TANGENT pickup
the pickup head and tone arm should form a
straight line, when the needle is exactly one
and one-half inches from the point of the
turntable drive shaft cap (4320) (Fig. 83).
To adjust the pickup angle, loosen the nut
at the rear of the steering arm assembly
(66254) (Fig. 78), turn the steering arm
either right or left until the correct position
for the pickup is found, then set the locknut
up tight. Then see that there still is $4”
clearance between the pickup and the record
tray per Section 11.
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Fig. 87
3319 Screw—Turntable Shaft Collar 5610 Stylus
3356 Pickup Needle Screw 5765 Pickup Cover
3516 Gear—Reverse Cam Shaft Driver 5768 Pickup Back
3539 Worm Gear ) 61212 Pickup Magnet .
3626 Ball Bearing 6233 Record Reverse Cam Shaft Assembly
'3627 Ball Bearing 6325 Record Reverse Cam and Pin
3630 Turntable Shaft Clutch 6326 Worm and Bushing Assembly
3820 Magazine Slide Arm Cam 6448 Turntable Throwout Cam and Hub As-
3822 Pickup Arm Swing Cam sembly )
3984 Spring—Tone Arm Stop Lever 6449 Pickup Lift Cam and Hub Assembly A
4210 Thrust Washer—Worm Shaft 64197 Pickup Arm Stop Lever Assembly
4233 Main Cam Collar 6691 Pickup Arm Friction Cam Assembly
4243 Pickup Arm Stop Lever Collar 6711 Spool Assembly
4244 Turntable Shaft Collar 6719 Turntable Shaft Assembly
4312 Pivot Bushing 6723 Brush Assembly
8 4320 Turntable Driveshaft Cap 34144 Pin—Reverse Cam Shaft
. 46213 Magnet Holder 34147 Pin—Record Tray Slide
Flg, 86 . 5038 Turntable Driveshaft Cap Tubing . 99-11- 1 6-32 Hex. Nut
. 5044 Stop Lever Roller Tubing 99-18-21 6-32x3” RHMS
6232 Pickup Swing Lever and Collar Assembly 5046 Stop Lever Collar Pin Tubing 99-28- 3 6-32x 14 ” Headless Set Screw
6325 Reverse Cam 50173 Tone Arm Insulating Bushing 99-28-21 6-32x 14” Headless Set Screw

6449 Pickup Arm Lift Cam 5139 Terminal Block . 99-38- 2 No. 2 Woodruff Key
6457 Pickup Arm Lift Shaft 569 Pole Piece .
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8 -24 5178
n&xuur} 4433
5323 .18

ey

6257 Fig. 88
/

565 Clutch Throwout Cam
3241 Reverse Segment Link Shoulder Screw
3626 Ball Bearing
3825 Reverse Segment Stop Cam

H

o

Fig. 89

AC Line Toggle Switch

Reverse Segment Shoulder Screw

Repeat Lever Shoulder Screw

Record Reverse Pinion Segment

Record Control Shaft

Magazine Slide Arm Spring

Record Reverse Cam Control Spring

Separator Hook Spring

Tone Arm Stop Lever Spring

Reverse Arm Spring

Record Magazine Bushing

&” Collar

%" Collar

Pickup Arm Stop Lever Collar

Record Repeat Throwout Lever

Stop Lever Collar Pin Tubing

Record Reverse Cam Shaft Lever

Record Repeat Clutch Fork Lever

Main Clutch Fork Lever

Record Repeat Lock Lever

Reverse Cam Lock Lever

Record Tray Drive Shaft Assembly

Record Reverse Arm Shaft Assembly

Solenoid Lever Shaft Assembly

Separator Hook and Arm Assembly

Reverse Pinion and Crank Assembly

Record Control Lever and Stud As-
sembly

Separator Hook Lever and Roller As-
sembly

Main Frame Pad

Taper Pin

Taper Pin

3977 Magazine Slide Arm Spring
3978 Record Repeat Clutch Spring
3986 Solenoid Lever Torsion Spring
4018 Main Shaft Bushing

4022 Record Tray Shaft Bushing
4331 Bearing Retainer Plug

4433 Solenoid Plate Bracket

5040 Pickup Arm Brake Facing
5323 Magazine Slide Arm Lever

6713
6455

5331 Record Repeat Throwout Hook Lever

6178 Chassis Plug

6257 Record Tray Gear and Sliding Cam
Assembly

6450 Reverse C'am Arm and Roller Assembly

- 4018

4331 6455 Solenoid to Clutch Lever and Pin As-
. sembly
. 6460 Clutch Throwout Lever and Spring As-
T 3626 sembly

6713 Solenoid Assembly
34140 Reverse Segment Pin, Long

- 6460 34141 Reverse Segment Pin, Short

4020
1B/ —20

HH.CAP se.\\\

3977

5017

- - gOX5g
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1. To Remove the Turntable (5779) (Fig.
90). The turntable unscrews from the record
spindle (37140) (Fig. 90) by turning the
turntable counter-clockwise. If the main cam
(3869) (Fig. 93) turns backwards, damage to
the starting lever release assembly spring
may result. Hold the main cam while un-
screwing the turntable.

2. To Adjust Drive Pulley (3672) (Fig.
91). In case “wows”’ are heard in the repro-
duction, additional tension should be placed
on the turntable drive bracket spring by
turning the spring clip, which is held by one
of the motor mounting screws (99-19-19)
(Fig. 91) so as to increase the tension on the
spring. On earlier models, it may be neces-
sary 1o bend the hairpin spring.

3. To Replace Drive Pulley (3672) (Fig.
91). Remove the hairpin cotter key (99-34-
12) (Fig. 91) and the drive disk thrust
washer (50209) (Fig. 91). This permits the
removal of the turntable drive pulley. In
replacing this pulley, the long shoulder goes
toward the base plate.

4. To Replace Turdtable Drive Bracket
and Stud Assembly (64216) (Fig. 91).
Remove turntable drive pulley (see 92)
and remove screw (99-19-2) (Fig. 91) and
nut, locknut and washer under drive pulley.
In replacing this part (64216) (Fig. 91) be
sure the nut and locknut under the drive
pulley are set up so there is very little play
between the base and the bracket (64216)
but the bracket should move sidewise freely.
Replace the drive pulley (See 92).

5. If Records Feed Incorrectly. Record
shelves may be out of line. Run changer
through its change cycle until the back rec-
ord shelves are in their lowest position.
Roller (4057) (Fig. 93) is on point C of main
cam (3869) (Fig. 93). The front shelves do
not move during the cycle. With the shelves
in place for a 12” record, 10” shelves raised,
a straight edge from shelf to shelf should
just clear the shoulder near the top of the
record spindle (37140) (Fig. 91). The shelf
may be adjusted while in the lower position
by adjusting the four nuts holding the lower
link (54107) (Fig. 92). Care should be taken
not to run one nut farther than another and
so get the link out of line with the support
rods (37138) (Fig. 92). The screw (99-20-45)
(Fig. 92) is to prevent the upper nuts on the
lowering link from hitting the main cam.
Probably it will not require any adjustment.

6. Adjustment of Record Centering Pin
(34310) (Fig. 91 and Fig. 94). The record
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centering pin should clear the record spindle
(37140) (Fig. 94) by approximately 3”.
When the record spindle is rotated by the
turntable, it will be seen the tip describes a
circle. When the tip is at that point in its
rotation where it is nearest the back of the

record changer, the rear face of the tip.

should be exactly 14" ahead of the rear face
of the record centering pin. When rotated,
the tip should leave and go back under the
centering pin in the same relative positions.
If it does not, it is necessary to spring the
centering pin sidewise until it does. If this
adjustment is made, check the other two
adjustments in this section.

7. Setting Tone Arm Drop. The needle
should drop on the record about 1%4” from
the edge. To adjust, make sure the record
changer is in the playing position, that is
the tone arm has moved over so that the
needle is on the record.

Set the button (66364) (Fig. 91) for ten-
inch records. Loosen screw (99-20-5) (Fig.

92) in the tone arm crank (54108) (Fig. 92).

Place needle on record 14” from edge.
Press tone arm return lever (64212) (Fig.
93) firmly against the main cam, holding
tone arm crank against side of square hole
away from record, at the same time hold

tone arm crank firmly against the collar -

above it. Tighten set screw (99-20-5) (Fig.
92) making sure the tone arm still has a
little up and down motion of the lift rod
(43182) (Fig. 92). Check the adjustment by
letting the record changer go through a cycle.

Load 12” records and set button (66364)
for 12”.

Adjust screw (99-18-19) (Fig. 93) until the
needle drops properly on 12” records, ap-
proximately 18” from edge.

Never set for 12” records first and then
for 10” records as the 10” adjustment affects
the 12”7 setting.

8. Adjustment of the Record Trip.
Changer Will Not Trip. If the reject but-
ton has no effect and the record changer will
not trip when the needle enters the change
grooves, see that the reject lever (46304)
(Fig. 93) is not caught on or behind the
starting lever release trip (64215) (Fig. 94).
The reject lever should be free to move, have
very little motion up and down and should
hit the center of the trip finger (46287)
(Fig. 93). The up and down motion of the
reject lever may be corrected by tightening
the nut that holds it against the base. Do not
tighten it so as to cause the lever to bind;
it must move freely.

If the changer will not trip when needle
enters change groove but will change when
reject button is pushed, bend starting lever
trip spring (39226) (Fig. 94) towards motor
spindle gear. On fecords where the recording
occupies only 3 to 15 the available space, if
instrument fails to trip in change grooves,
it may be necessary to loosen the Bristol set
screw in the trip friction 'collar (43185)

(Fig. 92) and move the collar slightly. Use

6-32 Bristol wrench (6075) for this adjust-
ment. Turn the collar a small amount clock-
wise, when viewed from the bottom of the
changer. Check the operation of the changer
on standard records as it is possible to move
the collar too far.

Changer Trips Too Soon. If instrument
trips when only half the record has been
played, check the position of the starting
lever release trip spring (39226) (Fig. 94).
The dog, on the motor spindle gear (35102)
(Fig. 94) should throw the spring back so
the starting lever release trip (64215) (Fig.
94) overlaps the starting lever (46288) (Fig.
94) approximately 7”. In case the overlap
is less, bend spring slightly toward the motor
spindle gear until proper overlap is secured.

If instrument trips near end of record: Set
needle 134” from record spindle, loosen set
screw in collar, pin and set screw assembly
(66355) (Fig. 92), turn collar slightly coun-
ter-clockwise (viewed from bottom of
changer). This will decrease the tension on
the friction trip lever spring (39228) (Fig.
92); tighten set screw and check tripping
action on records again.

Adjustment of Trip Finger (42687) (Fig.
93). The trip finger must not rub on the
base plate when tone arm is raised. It may
be bent slightly to clear base plate if neces-
sary.

The trip finger must move freely. If it
moves stiffly or binds, tone arm cam (66366)
(Fig. 93) may be dropped slightly.

The trip finger stop (46293) (Fig. 93)
should be set exactly 214” from outside of
base plate.

9. Adjustment of Tone Arm Height.
With a 10” record on the turntable, a stand-
ard needle in pickup and 10” records in the
magazine, there should be approximately
14{” clearance between the top of the pickup
and the bottom of the bottom record in the
magazine during the change cycle. This
clearance is adjusted by the screw (99-26-15)
(Fig. 93).

Still with a 10” record on the turntable,
pickup in playing position, lift pickup off
record so that both brush and needle clear
record. The point of the needle should drop
three-fourths of the thickness of the record
below the top surface of the record. This
height is adjusted by bending the tone arm
support (64219) (Fig. 91).
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To adjust needle pressure: Move tone arm
so all the brush is on the record but the
needle clears the edge. Adjust the brush
(6725) (Fig. 91) by the screw in the pickup
head so the needle is halfway. between the
top and bottom faces of the record.

Care should be taken to see that there is
some slack in the pickup lead between the
pickup arm and base. If the lead is too tight,
the needle will skip over the record instead
of stopping in the first groove.

10. To Remove Tone Arm. Loosen tone
arm crank screw (99-20-5) (Fig. 93); loosen
set screw in collar, pin and set screw as-
sembly (66355) (Fig. 92); loosen screw hold-
ing cord clamp at rear of tone arm; lift tone

3167 Tone Arm Support
3360 Needle Screw
4639 Wire Clip

5568 Record Support and Lowering Bracket
Assembly

5779 Turntable

5780 Tone Arm

5781 Tone Arm, Complete

6725 Brush
34310 Record Centering Pin
34313 Tone Arm Hinge Pin
37140 Motor Spindle (Part of 6287)
43180 Record Centering Pin Nut
46285 Record Support, 10” Front

arm straight wp Recover lift rod (43182)
(Fig. 92).
11. Replacement of Crystal Cartridge.
On Farnsworth S30 changer, the entire cart-
ridge, cord and plug must be replaced.

On Capehart Panamuse, only the cart-
ridge need be replaced.

12. Removal of Main Cam. Remove turn-
table according to directions in Section 1.
Remove nut (99-14-5) (Fig. 91) which holds
main cam spindle. Pull record shelves down
and main cam will slip out. Reassemble in
the reverse order.

13. If Gears Jam, and changer won’t cycle,
see that starting lever (46288) (Fig. 94) is so
positioned that when it engages with pin
(34309) (Fig. 94) the first teeth mesh prop-

43180 NuT
€W

66350
s

Fig. 90

46286 Record Support, 12” Rear
46295 Record Support, 10” Rear
46300 Record Support Bracket, Front
50206 Grommet, Rubber

54110 Tone Arm Support Housing

66349 Record Support Bracket Assembly,
Front

66350 Record Support Plate and Pin Assembly
(Farnsworth)

66391 Record Support Plate and Pin Assembly
(Capehart)

46284 Record Support Plate (Farnsworth)
46330 Record Support Plate (Capehart)
66363 Reject Knob (Late Production: 6069)

erly. It may be necessary to bend the lever
to secure proper mesh.

14. A Squeak during the change cycle is
usually caused by a lack of oil on roller
(4058) (Fig. 93). A drop of oil placed on it
will usually cure it.

Any rumble occurring during the change
cycle between the motor spindle gear and
the main cam gear, can be minimized by
loosening the three screws (99-19-17) (Fig.
91) and properly positioning the motor
spindle. Retighten the screws.

GARRARD. .. .See Magnavox Models
RC5, RC8, RC10,
RC11,RC50,and RC51

46295

66364 10 or 12 Stop Cam Knob (Late Produc-
tion: 6069)

Decalcomanias: 50226 and 50227 used on late
production with Knob No. 6069.

99-19-18 8-32x #” RHM Screw

99-22-35 6-32x 3£ ” Bind. HM Screw
99-22-37 4-36x1%” Bind. HM Screw
99-23-13 8-32x3%” Hinge Pin Screw

Where (Capehart) appears behind a part,
this part is used on Capehart Panamuse In-
struments exclusively.

Where (Farnsworth) appears behind a part
this part is used on Farnsworth combinations
exclusively.
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Fig. 91

2328 Crystal Pickup Only (Capehart)

715~1 Crystal Pickup, Lead and Plug Assem.
(Farnsworth) AK-59 Only

716-1 Crystal Pickup, Lead and Plug Assem.
(Farnsworth—76, 95, and 96)

3671 Motor Drive Pulley
3672 Turntable Drive Pulley

99'!9-!B<<

6725 Brush .
34310 Record Centering Pin . ‘
34315 Record Support Hinge Pin 3671 2328 I,
37140 Motor Spindle (Part of 6287) 46306 Y
39225 Idler Spring (Changed to 39245 on Later (B42I6) Assy.
Models) It

39235 Spring—Pickup Wire Clip, Long
39237 Spring—Pickup Wire Clip, Short
43180 Record Centeririg Nut

46285 Record Support Front, 10”7

46286 Record Support Rear, 127 (Part of
64213)

46295 Record Support Rear, 107

46297 Record Support Front, 12”

48306 Drive Disk Bracket

50173 Tone Arm Bushing

50206 Grommet Rubber

50209 Drive Disk Thrust Washer

64216 Turntable Brackeét and Stud Assembly

99-19-6 99-20-54 99-20-18 64219

64219 Tone Arm and Bracket Assembly 99-13- 6 Hex Nut. 99-20-18 10-32x3(” RHM Screw \
66363 Regchi Il(nob (6069 Used on Later 99-14- 5 3x28 Hex Nut 99-20-29 10-32x #” RHM Screw ‘
odels) 99-19- 2 8-32x3” RHM Screw 99-20-54 10-32x1%” RHM Screw |

66364 10-12 Stop Cam Knob (6069 Used on 99-19- 6 8-32x3%” RHM Screw 99-34-11 Hairpin Cotter Key \

Later Models) . 3
Decalcomanias Nos. 50226 and 50227 99-19-17 8-32x4&” RHM Screw 99-34-12 Hairpin Cotter Key |
Used on Later Models With Knob 99-19-18 8-32x#4” RHM Screw 99-36-21 Washer !
No. 6069. 99-19-19 8-32xs%5” RHM Screw 99-42-11 Turntable Stop Washer l
) .
Fig. 92

37138 Record Support Rod (Part of 64213)
39224 Spring—Record Lowering

39227 Spring—Trip Friction, Flat I
39228 Spring—T'rip Friction, Coiled
43182 Tone Arm Lift Rod

43185 Trip Friction Collar, Upper
45165 Friction Trip Lever

37138 46288 Main Gear Starting Lever ‘
—- 99 -42-5 46292 Tone Arm Lift Bracket :
39224 47124 Base Plate :

50203 Trip Friction Drive-Cork
54107 Record Lowering Link (Part of 63119)
54108 Tone Arm Crank

43105 uy ;38 64215 Start Lever Release Trip and Hub
- 46288 Assembly
55 66355 Collar, Pin and Set Screw Assembly,
66355 Lower

99-14- 3 4x28 Hex Nut

el s/ [saie - 1 , 99-20- 5 10-24x34" RHM Screw
99-20-5 50203  3qppy 46207 \patoeme 99-20-45 10-24x2” RHM Screw
43182 64215 54107 99-42- 5 Washer
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21151 - 60 cy.
3i2 3869 99-36-14 34309 Pin 35102 {
21153-50cy.

99-34-11

98-13-5 99-26-15 | 46293
66366 93-12

?6287

39236
46304

99-18-19

‘ 3868
-

642)2
42162

39234 . 66359 99-13-13

Fig. 93

8162 Main Cam Stud
3868 Tone Arm 10-12 Stop Cam
3869 Main Cam
4057 Roller—Record Lowering (Part of 63119)
4068 Roller—Tone Arm Lift
21151 Motor—60 Cy., AC
21153 Motor—50 Cy., AC

Fig. 94

3869 Main Cam

6287 Spindle and Gear Assembly
34309 Main Cam Starting Pin
34310 Record Centering Pin
35102 Motor Spindle Gear
37140 Motor Spindle
39226 Starting Lever Release Spring
46288 Starting Lever

64215 Starting Lever Release Trip and Hub
Assembly

66359 Spindle Gear and Bracket Assembly

34308 Pin—Record Lowering (Part of 63119)
34309 Pin—Motor Spindle Gear

34312 Pin—Tone Arm Lift Lever

35102 Motor Spindle Gear (Part of 6287)
39229 Spring—Tone Arm Lift Lever

39234 Spring—Tone Arm Return Lever
39236 Spring—Reject Lever

42162 Shoulder Spacer
46287 Trip Finger
46293 Trip Finger 8top
46304 Reject Lever

64212 Tone Arm Return Lever and Hub As-
sembly

66347 Tone Arm Lift Lever Assembly
66366 Tone Arm Crank and Clamp Assemby
66359 Spindle Gear and Bracket Assembly.
99-12- 1 8-32 Hex Nut

99-13- 3 10-24 Hex Nut

99-13- 5 10-32 Hex Nut

99-18-19 6-32x 15" RHM Screw

99-19-13 8-32x3” RHM Screw

99-20- 5 10-24x35” RHM Screw

99-20-45 10-24x2” RHM Screw

99-26-15 10-32x3%” RHM Screw

99-34-11 Hair Pin Cotter Key

99-34-12 Washer— 3 ” ODxx3} TH
09-36-14 Washer— % ” ODx 34x75

7344-1 Gauge for Adjusting S-30

63119 Record Lowering Link Assembly, Com-
plete

64213 127 Record Support and Shaft Assem-
bly, Complete

34311 Shelf Pin 107-12” Front and Rear Rec-
ord Support Assembly

66351 Friction Trip Assembly, Complete
4949 Felt Washer for Motor Spindle
54109 Spindle Support 'Bracket
6287 Motor Spindle and Gear Assembly
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SERVICE

Operating Instructions

This record changer plays seven 12”7 or
eight 10”7 records automatically. The last
record remains on the turntable and repeats
as long as the record changer is in operation.

Records may be repeated as often as de-
sired by raising the record removing arm at
“A” (Fig. 95) to the upright position.

To reject arecord and play the next record
below it, pull the latch lever at “L” (Fig. 95)
forward.

To adjust the record moving arm to
handle 10” records set the record removing
arm change lever at “D” (Fig. 95) opposite
the number 10 stamped on the base plate.
For 12”7 records set the lever opposite the
number 12.

To adjust the pickup to play 10” records,
push the pickup stop at “K” (Fig. 95) back.
(Away from the pickup needle.) For 12”7
records pull the stop forward (toward the
needle) as far as it will go.

Some units are equipped with two speed
motors, and others with 78 rpm motors.
When the two speed motor is used change
from one speed to the other by simply mov-
ing lever at “F”* (Fig. 95) io position desired.

To start motor, throw switch (supplied on
same models) at “"N”” (Fig. 95) on the “on”
position.

Motor Lubrication

The motor installed in the record changer
is governor controlled, with all gearing en-
closed, and leaves the factory lubricated for
proper operation. For maximum satisfaction,
lubricate the motor at regular intervals with
SAE No. 10 oil. Do not use any other
grade of oil.

The governor disc engages with a ring of
hard felt. This felt is impregnated with a
lubricating solution sufficient for proper op-
eration for approximately a year under
normal conditions. It may be necessary,
however, if the motor shows a tendency to
chatter or waver, to apply a drop or two of
oil to this felt ring.

Motor Speed

The motor speed is adjusted by means of
,a lever at “C” (Fig. 95) which is mounted
under the turntable. The direction of swing
to fast or slow is indicated by the legends
“F” and *S” on the base plate.

33 1/3 RPM—78 RPM Shift

(Two-speed motors only)
Move the speed change lever at “F”
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(Fig. 95) as far as it will go in the direction
of swing indicated by the legends 3315~
and “78” on the base plate. -

If adjustment of the speed change lever is
required for any reason, proceed as follows:
First loosen the screw which clamps the
lever to the motor shaft. This shaft is pro-
vided with a screw-driver slot in the end.
Next, using a screw driver, turn this shaft
in a clockwise direction until you feel it
strike the stop. The motor is now in the
©3314” Rpm. position. Now set the lever
against the lug provided in the base plate
and opposite the legend “3314™ and tighten
the clamp screw. This places the lever in the
correct position on the motor shaft. The
final step is the adjustment of the eccentric
bushing at “G” (Fig. 95) which limits the
throw of the lever. First loosen the screw
which holds' the eccentric bushing. Next,
throw the speed change lever to its farthest
“78” Rpm. position, (using care that the
lever does not slip on the motor shaft).
Then turn the eccentric bushing around
until it touches the side of the levér, and
tighten it in place with the screw provided.

Trip Mechanism

The trip mechanism is the trigger that
sets the record changer in motion. This is

done by allowing. the latch bar at “0” (Fig.
95) to drop in front of, and be actuated by
the cam at “P”” (Fig. 95). This cam is driven
by. the motor and is in motion as long as the
motor is running. If this mechanism does
not operate smoothly, the precautions out-
lined in succeeding paragraphs should be
observed. .

First of all, make sure that the square pin
in the latch lever at “U” (Fig. 95) latches
properly in the notch in the lift lever at “I”
(Fig. 95). When latched, the notch should be
engaged approximately one-half of its depth.
The depth of engagement is adjusted by
means of the eccentric washer and locking
screw at )" (Fig. 95). Now run the record
changer through its cycle. If the square pin
fails to engage the notch in the lift lever,
first check the tension of the latch spring at
“H” (Fig. 95) to insure that the notch can
engage the pin. Next check the tension of
the reset spring at “E” (Fig. 95). This reset
spring should not be under tension when the
latch bar is latched but should have enough
tension when the latch bar drops back off of
the cam to cause the square pin to over
travel the notch in the lift lever. IMPORTANT
—Before attempting to change the tension
of any spring, be sure that the parts involved
work freely without any tendency to bind,
as of course any binding condition would
preclude proper operation.

The record changer is adjusted at the fac-
tory to trip on a spiral trip groove record
when the phonograph needle is 13{” from
the edge of the hole in the center of the
record.

When eccentric or oscillating trip groove
records are used, tripping is effected by

78
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means of the hardened steel pin in the end of
tone arm lift crank at “*S” (Fig. 96) engaging
the serrated block on the trip lever at “T”
(Fig. 96). There must be a minimum of "
play between the end of the pin and the
block, when, with a short needle, (34” mini-
mum length) the pickup is resting on one
record on the turntable. If the pressure of
the pin on the block is not sufficient to insure
operation, then check the pressure spring
which is located up under the pickup.

The oval head pivot screw at “R” (Fig.
95) serves as a pivot for the lift lever at “I”
(Fig. 95). This screw should allow the lift
lever to be raised by the latch bar to its

maximum height without binding but also
without any additional play.

If the record changer fails to trip, see if
the phonograph needle is jumping out of a
worn record trip groove. Next make certain
that all parts of the mechanism work freely
and smoothly. If it is found that the latch
bar at O (Fig. 95) is not dropping in far
enough to engage the cam at “P” (Fig. 95),
then check the tension of the trip spring at
“B” (Fig. 95).

Record Removing Mechanism

The record changer is adjusted so that it
will always leave one record on the turn-
table. This is done to prevent the phono-
graph needle from damaging the covering
on the turntable.

In case the record removing mechanism
fails to operate smoothly, proceed as follows:
First make certain that all parts work freely
with no binding in pivots or bearings, and
that the record removing arm assembly rests
on the stop screw at “Q” (Fig. 97). Next
stop the motor in such a position that the
latch bar at “O” (Fig. 95) can swing by and
clear the cam at “P” (Fig. 95). Place just
one record on the turntable and measure

from the top of this record down to the base
plate. This distance should be one inch. Now
by pulling the reject lever at “L” (Fig 95)
first, it will be found possible to swing the
record removing finger at “Y” (Fig. 97) over
to where it just touches the edge of the
record. If the adjustment is correct, the
record removing finger should just barely
rise over the edge of the first record. If ad-
justment is required it can be made by
means of the stop screw at “Q” (Fig. 97). In
the event the record removing arm raises the
record from the turntable and drops it back
in place without removing it, check the lift
adjustment at “V” (Fig. 95). This adjust-
ment consists of an eccentric stud which is
provided with a locknut, and is made by
loosening the locknut and turning the ec-
centric stud. The lift adjustment should be
set so that the hole in the center of the record
just clears turntable spindle when the record
changer is in operation.

Pickup Lowering Mechanism

The pickup lowering mechanism has two
functions. First, it lowers the phonograph

needle gently to the surface of the record.
Second, it feeds the needle toward the center
of the record so that it will enter the playing
groove.

If the pickup descends too fast or too
slow, adjust the speed of descent by turning
the knurled thumb nut on the dashpot sleeve
at “W” (Fig. 96).

The unit is adjusted at the factory so that
the needle will be set down approximately
34" in from the edge of the record. An ad-
justing screw is provided on the side of the
pickup at “M” (Fig. 96). If the needle is
being lowered onto the playing surface of the
record, and the adjusting screw at “M”
(Fig. 96) fails to correct the condition pro-
ceed as follows: First stop the record changer,
with the pickup in the maximum raised posi-
tion and check the clearance between the
underside of the pickup shelf at “Z” (Fig.
96) and the tip of the dashpot. This clear-
ance should be very small as otherwise the
pickup will tend to bounce as it is lowered.
There must be sufficient clearance however
to prevent the pickup shelf from rubbing on
the tip of the dashpot, or the pickup will not
swing out far enough to allow the adjustable
stop at “K” (Fig. 96) to come to rest against
the dashpot. Check this clearance in both
10” and 12” record positions. If adjustment
is required, the height of the dashpot may be
regulated by loosening the nuts on the bot-
tom of the lift lever stud at “X” (Fig. 98)
and changing their position on the stud. To
raise the dashpot turn the nuts clockwise, to
lower the dashpot turn the nuts counter-
clockwise. Be sure to lock the nuts tightly
together after the adjustment is made.

Models RC5, RC8, RC10, RC11, RC50, RC51, (Garrard)

Similarity of service and illustrative material for these models has made it

possible to combine certain portions of the text for more rapid reference. A

table has been prepared to indicate the correct portion of the text for each

model.

If, for instance, it is desired to study the service methods for adjusting speed

on the model RC8, simply look under “Speed Adjustment”—follow this column
until it intersects the column headed RCS5, RC8 and the reference is found to

be paragraphs A10, and All.

Models Models Models
RC5, RC8 RC10, RC11 RC50, RC51

Operating Instructions. ................... Al Al B1
Automatic Trip............................ A2 A2
Operation of Automanc Trip............... A3 A3, B3 A3,C3
Striker Adjustment........................ A4 A4 A4
Friction Adjustment..................... . A5 A5 A5
Oversize Records........... A6 | L B6
Pickup Arm Adjustment. A7 B7 A7
Pickup Arm Ad_]ustment A8 C8 B8
Automatic Stop. . AU e .. A9 B9 A9
Speed Ad]ustment ......................... AlQ, A1l Al0, B11 Al0, B11
Irregular Speed............................ Al A2 | L
Lubricationof ACMotor................... Al3 Al3 Al3
Universal Motor. . ......................... Al4 Al4 Al4
Automatic Switch. . ...................... 15 | ... C3
Record Dropping. . ................coou... Al6, A19 B16, A19 Alé6, A17,

Al8, A19
Binding. ...... ... ... i oo e o A20
Pickup. . ..... (... A21, A22 A21, C22 A21, B22
Removing Changer. .. .............., ...... A23
Replacing Tone Arm Base.................. . P
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Al. This record changer plays eight 12”
records or eight 10” records (not intermixed)
automatically, and the changer stops oper-
ating after the playing of the last record. A
record may be rejected before playing the
entire selection by turning the right-hand
knob on the motorboard to the REjecT
position.

To operate the changer, first turn the left-
hand knob on the motorboard so that the
indicator is pointing to the 10” or the 12”
designation, depending on the size of the
records to be played. With the record spindle
in position—angling section toward the rec-

ord platform—place from one to eight rec-
ords of either the 10” or 12” type on the
record spindle. Rotate the right-hand knob
on the motorboard to the StART position,
placing the changer in operation.

Bl1. Models RC-50 and RC-51 play eight
10” and 12” records, intermixed in any
order, automatically, and the changer stops
operating after the playing of the last record.
A record may be rejected before playing the
entire selection by turning the motorbhoard
knob to the REJECT position.

To operate the changer, raise the forked
arm and place any number of records—not
exceeding eight—on the record spindle and
lower the forked arm until it rests on the top
record. Turn the pickup head one-half turn
in a counter-clockwise direction and ingert a
phonograph needle, returning the pickup to
its normal position. The needle should be
inserted only when the arm is located on the
rest, as movement of the arm when it is in
any other position may affect the mechanism.

Turn the motorboard knob to the STaRT
position, setting the changer in operation.
Be sure to hold the knob in this position
until the motor has started and hecomes
engaged with the changer mechanism.
Should the changer be stopped for any
reason during, the record changing, it may
be necessary to give it help in restarting by
turning the turntable by hand, due to the
excessive load imposed on the motor when
it is stopped in such a position. If it is desired
to stop the motor at any time, it may be
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done by rotating the motorboard knob to
the Stop position.

A2. The automatic trip plays an important
part in the operation of the record changer,
and upon the certainty of the automatic trip
coming into action depends the whole opera-
tion of the record changer. The automatic
trip mechanism will operate on all makes of
records having a “run-off” groove, either
eecentric or spiral.

A3, The trip lever “A” (Fig. 99) is connected
to the pickup arm through a series of levers
and is moved forward towards the main
spindle a distance proportional to the ad-
vance made by the pickup. The striker arm
“B” (Fig. 99) is fitted on the main spindle in
order to push back the trip lever, preventing
the automatic trip from functioning while
the record is being played. When the pickup
reaches the end of the playing grooves and is
carried into the “run-off” grooves, the move-
ment transmitted to the trip lever is too
great to allow its being pushed back by the
striker arm. The striker arm then contacts
the metal trip lever which in turn operates
the changing mechanism.

B3. If the trip mechanism does not operate
at the end of some records, projection A"
should be bent towards point “C’’ on lever
“B” (Fig. 103) so that when the mechanism
is in the playing position (and the changer
stopped), the tone arm may be moved in-
wardly to a point where the needle is 114"
from the edge of the motor spindle.

C3. If the automatic switch does not op-
erate at the end of the last record, make

certain that all of the levers are free and that
all the springs are in place. Also make certain
that the turntable spindle is free in the main
spindle—it should move about 14” when
depressed and should rise the same distance
when released. This test should be made
while the changer is in the playing position.
Switch tripping adjustment can be obtained
by means of a small quadrant adjustment on
the top of the spindle operated by lever
“P” (Fig. 100).

A4. The correct functioning of the trip
mechanism depends on the rubber bushing
“H” (Fig. 99), on the trip lever arm “G.”
When the bushing becomes badly worn, a
tapping sound will become apparent, and
the trip lever may operate before the end of
the record. This condition may be correeted
by turning the rubber bushing on the spindle
in order to present a new surface to the
striker arm “B.”

A5. If the changer fails to operate at the
end of a record, the record spindle should be
removed and the turntable lifted from the
motor shaft so that the friction adjusting
screw “E” (Fig. 99) may be readjusted. Be-
fore adjusting this screw it is advisable to
make certain that the operating trip lever
““A” is not rubbing on the base plate, setting
up additional friction. To adjust the friction,
give the friction adjusting screw “E’’ a small
turn in a counter-clockwise direction to in-
crease the friction. If the changer trips be-
fore the pickup has reached the end of the
playing grooves, or if a bumping noise is
heard in the speakers, the friction adjusting
screw should be turned in a clockwise direc-
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tion to decrease the friction. This adjust-
ment is very sensitive and the screw should
be turned not more than a quarter of a turn
at one time.

AG6. The record platform, opposite the pick-
up arm on the motorboard, is normally ad-
justed to the correct position for all average
records, however if a very large or small
record is encountered, it may be necessary
to make a slight adjustment to the platform
position to accommodate these records. This
is accomplished by removing the nut, washer,
and screw “K” (Fig. 101A) and turning the
bushing “L” clockwise to accommodate
larger records, and counter-clockwise for
smaller records. Replace the screw, washer,
and nut and check the platform position by
placing a record on the spindle. If it is correct
the record edge should rest on the platform
just clear of the studs when the changer is in
the playing position.

B6. The record platform, opposite the pick-
up arm on the motorboard is normally ad-
justed to the correct position for all average
records, however if a very large or small
record is encountered, it may be necessary
to make a slight adjustment to the platform
position to accommodate these records. This
is accomplished by removing the nut, washer,
and screw “Q” (Fig. 100), and turning bush-
ing “N” clockwise to accommodate larger
records and counter-clockwise for smaller
records. Replace the screw, washer, and nut,
and check platform position by placing a
record on the spindle. If it is correct the
record edge should rest on the platform just
clear of the pushing pawl, “12” (Fig 104),

when the changer is in the playing position.

A7. Should the lowering position of the
needle require adjustment, the turntable
should first be turned by hand to bring the
pickup from the loading position to the
point where the needle has descended to
within 75” of the record. The screw “R”
(Fig. 102) which is accessible through a hole
in the motorboard, should be turned either
to the right or to the left according to the
requirements—a quarter turn in either di-
rection will give the maximum adjustment
obtainable. The adjustment should then be
checked by operating the changer and noting
the lowering position of the pickup.

B7. Should the lowering position of the
needle require adjustment, the turntable
should first be turned by hand, after the
STop-START lever has been set to the START
position, to bring the pickup from the load-
ing position to the point where the needle
has descended to within 75” of the record.
If it is seen that the lowering position must
be shifted either to the left or to the right,
the tone arm should be returned to the
“rest” pbsition by hand, at which time the
adjustable screw, which is accessible through
a hole in the motorboard near the tone arm
base, should be turned either to the right or
to the left according to the requirements—a
quarter turn in either direction will give the
maximum adjustment obtainable. The ad-
justment should then be checked by oper-
ating the changer and noting the lowering
position of the pickup.

A8. When making adjustments to the pick-

up arm, it should never be forced into posi-

FIG. 101

tion, and when the turntable is turned by
hand it should never be turned other than in
a clockwise direction. If the pickup is low-
ered so that the needle contacts the smooth
surface of the record and does not run into
the playing grooves, check to make certain
that the motorboard is tilted slightly to the
left. Then check the lead to the pickup,
making certain that it is not twisted in any
way to prevent free movement of the tone
arm. Also check levers *S” and “Q” (Fig.
102) to see that they are free and that the pin
at the end of lever *“Q” iz not rubbing on the
bottom of the cam grooves. If required, the
pickup height can be adjusted by loosening
the set screw in the counter-balance weight
“M” (Fig. 100), and turning the weight while
‘holding the spindle. If this adjustment is
changed, see that the tone arm lifts high
enough to clear eight records on the turn-
table.

B8. If, after the playing of the last record
(when eight are played), the needle scrapes
across the surface of the top record as the
tone arm moves to its rest position, the
pickup height must be adjusted in the fol-
lowing manner. Eoosen screw “8” (Fig. 102),
and rotate the counter-balance 7 a few
turns in a clockwise direction. The adjust-
ment should be such that at the completion
of the last record, the pickup will move
across the top record with the needle at_
least one-half inch above the surface of the
top record. Tighten set screw “8”, com-
pleting the adjustment.

C8: If the pickup is lowered so that needle
contacts the smooth surface of the record
and does not run into the playing grooves,
check to make certain that the motorboad
is level or tilted slightly to the left as ad-
justed at the factory. Then check the lead to
the pickup, making certain that it is not
twisted in any way to prevent free move-
ment of the tone arm. If the needle serapes
across the surface of the last record at the
completion of the playing of that record, the
pickup height requires adjustment. Loosen
the set screw in the collar at the bottom of
the pickup arm, lift the spindle and turn the
collar while holding the spindle. A few turns
in a counter-clockwise direction should be
sufficient. Tighten the collar set screw, com-
pleting the adjustment.

If the tone arm lowers to the record and
then immediately returns to the rest, it is
possibly due to the fact that the Stop-START
lever at the right side of the motorboard is
rubbing on the under side of the motorboard,
preventing the clutch from disengaging.
Bend the lever downward so that it operates
freely.

A9. The record changer automatically stops
after the last record has been played due to
the fact that there is no longer any weight
on the turntable spindle. The weight of a
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record on this spindle moves lever “O”
(Fig. 100), which interrupts the movement of
the switch lever “P”” (Fig. 100) from the cam,
so preventing the switch from operating.
When the record is removed from the center
spindle, the spindle raises and allows lever
“0” to move so that it does not interrupt the
switch lever “P,” thereby allowing the
switch to operate.

B9. The record changer automatically stops
after the playing of the last record, due to
the fact that there is no longer any weight
on the turntable spindle. The weight of a
record on this spindle moves lever “J” (Fig.
101), which interrupts the movement of the
switch lever “K” (Fig. 101) from the cam, so
preventing the switch from operating. When
the record is removed from the center
spindle, the spindle raises and allows lever
“J”” to move so that it does not interrupt the
switch lever “K,” thereby allowing the
switch to operate.

Al0. Due to the differences of line voltages
in various localities, a slight adjustment of
the speed indicator lever (that projects from
the edge of the turntable) may be necessary.
To make this adjustment, first set the motor
speed to 78 Rpm., using the stroboscope
disc (on AC models) furnished with the unit.
To set the speed on the AC-DC unit, oper-
ating on direct current, place a piece of
paper under a record on the turntable and
count the revolutions in a period of 30

seconds. If there are more or less than 39
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revolutions the speed adjustment lever
should be moved a slight amount in the re-
quired direction, and the process repeated.

All. After the motor has been set at 78
Rpm. the turntable should be removed and
the quadrant screw (near the spindle on the
speed-control lever) should be loosened very
carefully and the lever moved until the
pointer is in position on “78” on the in-
dicator plate, holding the quadrant sta-
tionary while making this adjustment. Now
tighten the quadrant screw and replace the
turntable.

Bl1. After the motor speed has been set at
78 Rpm., the turntable should be removed
and the set screw in the collar of the speed
control lever should be loosened very care-
fully. The speed control lever should be
moved until the knob is in position on the

center mark of the escutcheon. Now tighten

the set screw. Be sure that the screw stud
does not move during this adjustment.

A12. If an occasional “slowing up” is noticed
in the reproduction, the trouble is most
likely due to the record slipping, due to its
being warped. If a record slips while it is
being played, examine the center hole for
burrs. These burrs should be carefully re-
moved with a penknife. Warped records
may be flattened by subjecting them to a
warm temperature and pressing them.

A13. The motor should always be well lubri-
cated, as noise will develop if the bearings
are allowed to run dry. All bearings are of

the oil-retaining type, and with average use
will require lubrication about once every
three months. All oiling holes are accessible
when the turntable is lifted from the motor
spindle and are indicated on Fig. 99. A
few drops of fine oil may be helpful in the
tone arm pivot, if the tone arm shows signs
of sluggishness in moving into the playing
grooves after it has lowered to the record.

Al4. The lubrication and speed adjustment
for the universal (AC-DC) motor is the same
as for the AC motor. If the brushes are al-
lowed to become dirty and worn, brush
noise will develop. The brushes may be re-
moved by unscrewing the bakelite caps on
the motor body and pulling out the brushes
by means of the springs. The brushes can be
cleaned by sanding them with a fine grade
of sandpaper or crocus cloth and cleaning
the dust from the surface before replacing
them. It is important that the brushes be
replaced in the same way in which they were
originally installed. The brushes when new
are 76” long under the springs—when they
have worn down to 34”, they should be
replaced.

A15. If the automatic switch does not op-
erate at the end of the last record, make
certain that all of the levers are free and that
all the springs are in place. Also make certain
that the turntable spindle is free in the main
spindle—it should move about 14” when
depressed and should rise the same distance
when released. This test should be made
while the changer is in the playing position.
Switch tripping adjustment can be obtained
by means of a small quadrant adjustment on
the top of the spindle operated by the switch
lever “P” (Fig. 100).

A16. If the first record does not drop when
the changer is switched ON, this is due to the
leather brake pad becoming worn and not
braking the turntable sufficiently when the
previous record was completed. To adjust
this pad, loosen the two screws “F” (Fig. 99)
and turn the brake lever slightly to bring the
leather pad nearer to the turntable rim.
Tighten the screws and check to see that the

switch breaks contact before the leather

brake pad touches the turntable rim.

FIG. 102
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BEND LEVER"A" SIDEWAYS TOWARD "B"APPROXIMATELY /16"
AT THE SAME TIME BEND IT OUT SO THAT IT CONTACYS

"B"NEAR THE CORNER"C"

B16. If the first record does not drop when
the changer is switched ON, this is due to the
leather brake pad becoming worn and not
braking the turntable sufficiently when the
previous record was completed. To adjust
this pad, loosen the screw “F” (Fig. 99) and
turn the brake pad slightly to present a new
surface to the turntable rim. Now tighten
the screw “E” and check the adjustment.

Al7. If the records do not drop properly, it
is possible that the forked arm is sprung to
the right, preventing the pushing pawl 12
(Fig. 105) from pushing the records from the
platform. To correct this condition, spring
the foeked arm to the left a slight degree and
check to make certain that the bottom rec-
ord contacts the smooth surface of the
record platform. The vertical motion of the
record platform may be controlled by adjust-
ing the bushing “L” (Fig. 100), after the
nut, screw, and washer at "K” have been
removed.

Al8. If the records do not feed properly
from the spindle, it is possible that the hori-
zontal motion of the record platform is not
sufficient to push the lower record from the
stack on the spindle to the turntable. To
increase the distance of motion, the lever
arm with bushing “N”* must be lengthened
by removing the nut and screw “Q,” sliding
the bushing “N”* from the lever and rotating
the bushing a few turns in a counter-clock-
wise direction. Slide the bushing back to the
lever and install the nut and screw “Q” in
place. Now check the adjustment by oper-

ating the mechanism. If the motion of the
platform is still not sufficient to push the
records to the turntable, the bushing should
be turned a few revolutions to further
lengthen the lever arm, however, it is not
probable that a second adjustment will be
required.

A19. Occasionally a record may stick to the
spindle and not drop to the turntable as it
should. The record may be excessively thick
and must be removed from the stack. The
reason for the ““thick” record sticking is that
the slot at the angle in the spindle is not
sufficiently wide to let the record slide into
place. Never attempt to file this groove as it
will then be possible for two ““thin” records
to drop to the turntable at one time.

If the spindle should be bent, it will
either cause records to stick, or more than

one record to feed to the turntable at one
time, depending on the direction of the bend.
Extreme care should be used in hénding the
sEindle back into position, should this be-
come necessary, as it may be broken very
easily. N

A20. If the mechanism should bind during
operation, it may be possible to free it by
depressing the pushing pawl “12” (Fig. 105)
and allowing the pickup to come to the rest
position. Turn off the motor and slide the
nameplate that covers the mechanism in the
record platform from its holder, exposing a
small set screw in a stop lever. Loosen the
set screw and move the stop forward a slight
amount. Tighten the set screw and check
the adjustment. If the mechanism still binds,
the stop lever should be advanced a little
more. This position is quite critical and the
lever should not be moved more than 35”
during each adjustment. If the mechanism
should bind as a result of the turntable being
rotated manually, it is probably caused by
the fact that the motor end-bearing has been
forced from its correct position in the end of
the motor frame, allowing the motor gov-
ernor set screws to strike the main gear of
the motor. To correct this condition, loosen
the small set screw that holds the motor end-
bearing in place—located adjacent to the
nameplate on the motor frame—press the
bearing in as far as it will go, and tighten
the set screw. This adjustment should per-
mit the motor to operate properly, however,
if it still binds it may be necessary to loosen
this set screw again, rotate the end-bearing
a fraction of a turn and tighten the set screw.
This adjustment may be necessary to keep
the spacing around the armature equal at
all points.

A21. If the quality of reproduction is dis-
torted, or if the volume of the signal is un-
usually low, it may be due to a defective
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crystal pickup. If no signal is heard when the
pickup is used and the radio is operating
properly, it is probable that the pickup lead
is broken or shorted on the pickup arm.

A22. To remoVe the pickup cartridge as-
sembly, remove screw “1” (Fig. 104) and
pull the cartridge from the arm, examining
the connections to the bakelite terminal
block. To remove the cartridge from the
assembly, remove the two retainer plates
“2” and “'3” (Fig. 104), and unsolder the pig-
tail connections from the bakelite block.

B22. To remove the pickup cartridge as-
sembly, remove screw “1” (Fig. 105), and
pull the cartridge from the arm, examining
the connections to the bakelite terminal
block. To remove the cartridge from the
assembly, remove the two retainer plates
“2” and “3” (Fig. 105), and slide the cart-
ridge from the housing.

C22. To remove the pickup cartridge as-
sembly, remove the four screws securing the
cartridge retainer plate and pull the cartridge
from the arm, examining the connections to
the bakelite terminal block. Pull the plugs
from the bakelite block to free the cartridge
from the arm.

A23. When removing the record changer

unit from the cabinet, first remove the two '

connecting cords from the radio chassis by
withdrawing their plugs from the sockets.
Disconnect the ground lead from the radio
chassis by sliding the spade lug from the
securing screw that has been loosened a few
turns. Remove the nuts and springs from the
four mounting screws and lift the unit from
the cabinet. When replacing the mechanism,
be sure that the heavier springs are used on
the top of the mounting cleats and the
lighter springs on the bottom. The changer
should be tilted slightly to-the left, so that
the needle will slide into the first grooves of
the record easily.

‘When replacing the pickup lead plug in the
chassis (on Windsor style numbers CPAR-
320, and CPAR-352 and on Regent style
numbers CPAR-319, CPAR-329 and CPAR-
356), be sure that the felt washer is used
to prevent the metal cap of the male plug
from contacting the radio chassis. If this
rule is not observed, a distinct hum will be
heard in the speakers when the phonograph
is used.

B23. When removing the record changer
unit from the cabinet, first remove the two
connecting cords from the radio chassis by
withdrawing their plugs from the sockets.

130

MANUAL

HY

7
i
0 i o,
] 1~
FIG. 105

Remove the nuts and springs from the four
mounting screws and lift the unit from the
cabinet. When replacing the mechanism, be
sure that the heavier springs are used on the
top of the mounting cleats and the lighter
springs on the bottom, being careful to
mount the unit so that the turntable is
perfectly level.

C23. When removing the record changer
unit from the cabinet, first remove the two
connecting cords from the radio chassis by
withdrawing their plugs from the sockets. If
the metal motorboard of the changer is se-
cured to a wooden sub-base and the entire
assembly “floated,” remove the nuts and
springs from the four mounting screws in
the wood sub-base and lift the unit from the

cabinet. If the metal motorboard has been -

“floated”” in the cabinet, remove the nuts
and springs from the mounting screws and
remove the changer in the same manner as
described above. When replacing the mech-
anism, be sure that the heavier springs are
used on the top of the mounting cleats and
the lighter springs on ‘the bottom. The
changer should be tilted slightly to the left
so that the needle will slide into the first
groove of the record easily.

A24. If the bakelite tone arm base should
need replacement, it can be removed by
following the instructions outlined below:

1. Loosen the small set screw 4 (Fig.
104), and punch the pivot pin “5” from the
tone arm using a small punch and hammer.

2. Lift the tone arm from the base “6”
and pull the pickup lead up from the bottom,

after the plug has been unsoldered from the
lead.

3. Remove the two mounting screws that
secure the tone arm base to the motorboard,
and rotate the base until the large hole in
the rear of the base is directly over a screw
in the casting beneath the motorboard.

4. Remove the screw from the casting and
rotate the base 180 degrees exposing another
screw which should be removed from the
casting.

5. Slide the assembly to the rear of the
board, removing the lever pins from their
guide slots.

6. Remove the counter-balance weight
““7” by first removing the set screw “8” and
then turning the weight in a counter-clock-
wise direction until it drops from the shaft.

7. Now loosen the set screws in the bush-
ing “8” and remove the lever arm from the
shaft, holding the assembly over a small box
so that the ball bearings will not be lost.

8. Slip the casting from beneath the base,
off the shaft and replace the bakelite base.
There are fifteen bearings above and fifteen
bearings below the base, that should be re-
placed before the assembly is reassembled.

9. Reassembly of the unit is not difficult,
however the counter-balance 7 will re-
quire adjustment to allow proper lowering
of the tone arm to the record. Instructions

for this adjustment are given in paragraph
A8.
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R C A—Models RP139A and RP145

SERVICE

A. Main Lever. This lever is basically im-
portant in that it interlinks the various
individual mechanisms which control needle
landing, tripping, record separation, etc. Ro-
tate the turntable until the changer is out-
of-cycle; and check rubber bumper bracket
(A). The roller should clear the nose of the
cam plate by approximately 75 inch.

B. Friction Clutch. The motion of the
tone arm toward the center of the record is
transmitted to the trip pawl ““22” by the trip
lever ““7” through a friction clutch “5.”” If
the motion of the pickup is abruptly accel-
erated or becomes irregular due to swinging
in the eccentric groove, the trip finger “7”
moves the trip pawl “22” into engagement
with the pawl on the main gear, and the
change cycle is started. Proper adjustment
of the friction clutch ““5” occurs when move-
ment of the tone arm causes positive move-
ment of the trip pawl ““22”* without tendency
of the clutch to slip. The friction should be
just enough to prevent slippage, and is ad-
justable by means of screw “B.” If adjust-
ment is too tight, the needle will repeat
grooves; if too loose, tripping will not occur
at the end of the record.

C. Pickup Lift Cable Screw. During the
record change cycle, lever “16” is actuated
by the main lever “15” so as to raise the
tone arm clear of the record by means of the
pickup lift cable. To adjust pickup for proper
elevation, stop the changer “in-cycle” at the
point where pickup is raised to the maximum
height above turntable plate, and has not
moved outward; at this point adjust lock-
nuts “C” to obtain 1 inch spacing between
needle point and turntable top surface.

D. & E. Needle Landing on Record. The
relation of coupling between the tone arm
vertical shaft and lever “20” determines the
landing position of the needle on a 10 inch
record. Position of eccentric stud “E” gov-
erns the landing of the needle on a 12 inch
record; this, however, is dependent on the
proper 10 inch adjustment.

To adjust for needle landing, place 10 inch
record on turntable; push index lever to
reject position and return to the 10 inch
position; see that pickup locating lever 17"
is tilted fully toward turntable; rotate mech-
anism through cycle until needle is just ready
to land on the record; then see that pin “V”
on lever “14” is in contact with “Step T on
lever “17.” The correct point of landing is
454 inches from the nearest side of the turn-
table spindle; loosen the two screws “D”” and
adjust horizontal position of tone arm to
proper dimension, being careful not to dis-
turb levers ““14” and *“17.”” Leave approxi-
mate