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AUTHOR’'S FOREWORD

HE AUTOMATIC RECORD CHANGER is by no

means a new device, for several such units
have been available for many years. However, the
last four or five years have witnessed a tremen-
dous boom in the production and sale of these
units to the owners of radio receivers. In fact, it
is possible to credit the revival of phonograph rec-
ord sales and interest in such records to the suc-
cessful development of a simple record changer.
We say simple, for so it is when compared to the
devices of years ago.

At the same time, the wide-spread sale of these
units and the service work necessary thereon rep-
resented a new era in the operations of the radio
serviceman. For almost two decades, his interest
revolved around the invisible defects which ac-
company the operation of electrical devices. Me-
chanics in radio receivers was limited to such
things as remote control and motor driven con-
densers. Mechanical operation was so much in
the minority that very few if any serviceman paid
the slightest attention to even the simplest terms
used in mechanics, let alone the study of gears
and linkages.

Then along comes the automatic record changer
and introduces almost a new language, the lan-
guage of mechanics. Fortunately, the nature of
the device is such that a study of mechanics is not
necessary, but it must be admitted that even if a
study of mechanics is not required, the develop-
ment of motion in many different directions by
means of gears, levers, and cams, is something
which is foreign to the radio-minded man. And
when this new device is not too gently thrown
into his lap and he is told to service something,
the prototype of which he has never seen, he can-
not help but be at a loss.

The birth of this volume covering automatic
record changers and recorders is a direct effort to
supply to the radio serviceman, a book which will
give him general and specific facts about the rec-
ord changers and recorders now in the hands of
the public, so that he will at least have available
some source of specific information.

As is clearly evident in the text, no effort is
made to cover the theory of mechanics, for we do
not deem it necessary. At no time is the individ-
ual who does the service work called upcn to im-
provise an arrangement in place of something
which has failed. The mechanical system is al-
ready designed and his part is to keep it running

and clear whatever defects develop. At the same
time, the general discussion of mechanical trou-
bles is limited. This is brought about by the fact
that the respective manufacturers indicate the ex-
act parts to be investigated in the event that some
defect develops. . . . Since variations exist be-
tween record changers, it is far more important
that the reader refer to the manufacturers’ notes
and derive specific information, than try to inter-
pret general service references.

We have refrained from publishing design
theory, as far as recorders are concerned, because
the subject matter of this volume concerns units
already manufactured and which must be kept in
operation. Since these units function with other
available devices, records and needles, all that we
deem necessary to say about records and needles
are those things which relate to faults and those
things which will enable a serviceman to answer
questions submitted by the average user of a re-
corder to his not getting the kind of results he ex-
pected.

The remainder of the problems, that is service
problems surrounding the individual recorders,
those are answered by information furnished by
the respective manufacturers, for they not only
give the solution to the problem, but also stipulate
the exact part of the system which must be
manipulated to accomplish a certain aim.

As this book goes to press, it just about covers
all of the devices of the kind listed in the title,
which have been sold to the public. With the re-
quirements for National Defense becoming more
and more urgent, it is doubtful if there will be
need for a second volume covering future units
for quite a few years. Be that as it may, we hope
that what we present in these pages will be of
practical aid to the serviceman. In this connection
we desire to express our sincere appreciation to
all of the service managers of the manufacturers
represented in this book for their wholehearted
cooperation. Without such cooperation this book
would have been impossible. That goes for some
of the staff of the publisher, particularly Mr.
G. C. B. Rowe whose job it was to edit the text
we wrote and who helped us watch the gyrations
of gears and levers and cams within the record
changers that were purchased for observation and
analysis.

Joun F. RiDER
November 29, 1941.






Chapter 1

MOTORS AND DRIVES

THE primary driving device in record changers, re-
cording devices, and phonographs is the electric motor.
That is what converts electrical energy into the me-
chanical energy required to rotate the turntable upon
which the record rests, either for reproduction or for
recording. Since this is a manual aimed at furnishing
service information, our primary concern is with infor-
mation of this character. But in the case of motors, as
well as other completely assembled electrical mecha-
nisms, like pick-ups and cutter heads, there is compar-
atively little which can be described as service
information.

Of course, there are details relating to service which
shall be discussed, but due to the nature of such de-
vices as motors and the others named, the kinds of
defects which are within the province of the repair-
man are relatively few and simple. Those defects
which are major in nature are, unfortunately, of such
character as to require virtual reconstruction of the
device, hence invariably mean replacement of the de-
fective unit with a new one. This is particularly true
of burnouts of windings or coils, such as are employed
in motors, pick-ups as well as recorder cutting
heads. When such defects develop, the lack of facili-
ties for repair and the specialized nature of the repair
make replacement the only feasible and most practical
method of overcoming the problem.

This does not mean that these subjects need be dis-
missed by nothing more than a tabulation of the sim-
ple faults and their remedies. In fact they cannot be
dealt with in such an easy way, for it is highly desir-
able that the serviceman who works on such devices,
regardless of the nature of the defect, have a general
idea of what electrical principles govern the operation.

This is particularly true in the case of pick-ups and
recorder cutters, for much of the success in reproduc-
tion as well as recording is founded upon the per-
formance of these respective units. The more familiar
the individual with their operation, the better the re-
sults obtained because of the many related devices
and operations.

In the case of motors, the parallel is not as close
because the electrical characteristics of the driving
unit have no relationship, assuming correct selection
of the electrical power source, the power line frequency
and voltage, to the manner of reproduction or record-
ing. Unlike the other two units, only a defect in the
motor will interfere with the attainment of its proper
performance. Yet, it cannot help but be valuable to

the user of this manual to understand the manner in
which the different kinds of motors used in automatic
record changers and recorders, operate. Therefore we
shall discuss in brief the kinds of motors used as well
as the related driving mechanisms.

Motors

Motors as a whole are identified in four ways. First
is the general classification associated with the kind of
power supply, namely for use on either alternating
current, direct current, or both. Second, is the rating
of the voltage which must be impressed upon the
motor, or to put it differently, the voltage of the power
supply for which the motor has been designed. Third,
the classification of the electrical design of the motor,
that is, the basic principle responsible for the turning
action of the motor, and fourth is the horse-power
rating. As we go along in this discussion examples of
the first three will be given. As to the last named, no
need exists for any discussion, in that the general cate-
gory of all motors used in recording units as well as
record changers and phonographs, is ‘“fractional horse-
power,” by which is meant something of the order of
14 horsepower or higher, although there seldom ap-
pears any reference to some particular value. The fact
that the motors are of fractional horsepower is gener-
ally accepted as sufficient.

Basic Principles of Motors

While it is true that different kinds of motors make
use of certain definite electrical laws in certain special
ways, it nevertheless is possible to state in general
terms the principles which govern the operation of
motors. Essentially a motor revolves because of forces
developed by the interaction between two electromag-
netic fields. The manner in which these fields are de-
veloped is of no consequence. In some instances they
may be due to current which is caused to flow through
conductors by the application of an external voltage
and then again it may be due to induced currents.

The exact manner in which these principles are em-
ployed is a different matter. Some of the arrangements
are native only to those devices which are intended for
use with an alternating-current form of supply,
whereas others are used for direct current and some
for a combination of both. It is the distinction be-
tween these arrangements which supplies the data for



this discussion. . . . Suppose then that we start with
the d-c motor, although it so happens that d-c motors
are by far in the minority in such devices. In fact, in
most cases, where operation may be necessary upon a
d-c line, the kind of motor furnished is one which is
equally suitable for use on alternating as well as direct-
current power supply circuits. However, by discussing
the basic principles of d-c motors, we provide a more
solid basis of comprehension of what makes a motor
revolve.

D-C MOTORS

The d-c motor is comparatively simple in its basis
of operation. Essentially it consists of a current carry-
ing conductor located within a magnetic field. (Fig.
1.) In principle it is like the simple d-c moving coil
type of meter. When a current is passed through the
conductor, which incidentally consists of numerous
windings, a magnetic field is created around the nu-
merous turns. This part of the motor is known as the
armature. This magnetic field interacts with the mag-
netic field of the field magnets, which you may recall
was originally mentioned as being the area within
which the armature windings were located. The field
magnets may be permanent magnets or electromagnets,
that is iron cores surrounded by windings.

¥1G. 1. Essentially a d-c motor consists of a loop of
wire carrying current which sets up a field around the
wire and reacts with the field set up by a permanent

magnet. The interaction of these two fields causes
the loop to rotate.

When two such magnetic fields combine, the re-
sultant forces developed by the combined fields tend
to make the windings located within the field move.
Since the structure of the system is such that motion
of these coils is possible only in a rotary manner, the
whole armature assembly revolves. The turning force
or torque existing at the armature shaft is transferred
to whatever device is to be turned by any one of a
number of linking systems.

Imagine if you will, a single length of conductor
located between the pole pieces of a permanent mag-
net, as shown in Fig. 2, and then the passage of cur-
rent through the conductor as indicated in Fig. 3. Due
to the passage of current through the conductor, lines
of force are created around the conductor. As a result
of the direction of current flow through the conductor
and the location of the N and S poles of the magnet,

we find that the direction of the flux lines beneath the
conductor aid the flux lines due to the magnet and
that those above the conductor buck the flux lines due
to the magnet. The net result of the combination of

FIG. 2. The dotted lines indicate a magnetic field set
up between the two poles N and S of a magnet. The
circle in the midst of this fleld represents the cross
section of a wire through which no current is flowing.

these two magnetic fields is as shown in Fig. 3; there
is a bunching of the lines of force beneath the con-
ductor and a reduction in the strength of the field
above the conductor. . . .

Since lines of force behave like stretched rubber
bands, the bunched or distorted lines beneath the con-
ductor will tend to straighten themselves and in so
doing will exert an upward force upon the conductor.
This can be said in another way, which perhaps is a
closer approach to basic electrical laws: “when a cur-
rent-carrying conductor disturbs a uniform field, thus
making the field stronger on one side of the conductor
than upon the- other, the conductor will move from
the stronger to the weaker field.”

Now suppose that instead of having a single con-
ductor in a magnetic field, we arrange a loop which
can pivot upon a shaft as in Fig. 4, and pass current
through this conductor. Whereas the combined field
bunches beneath coil side A, it bunches above coil side
B. The reason is that the direction of the current flow
through coil side B is exactly opposite to that through
coil side A. If we assume that the direction of cur-

F1G. 3. When current flows downward through the wire
of Fig. 2, the field set up (indicated by the concentric
dotted circles) reacts with the field of the magnet so
that the lines of force are crowded under the wire and
thinned out above it.



rent through this loop is away from the observer in
coil side A, it is towards the observer in side B. As to
the force now exerted upon the coil sides, it is in the
upward direction on side A and in the downward di-
rection upon side B, with the result that the coil turns
as a whole.

FIG. 4. A loop of wire with sides A and B has been
substituted here for the single wire of Fig. 3. As the
current is going down into the paper in side A and up
in side B, the resulting crowding of the magnetic lines
below A and above B give a clockwise rotation to the
loop.

Essentially, this is the story of the motor, although
as you can probably appreciate, it is not the entire
story. The principle which governs the motion of the
coil AB in Fig. 4 does effectively explain the opera-
tion of motors in that it states that “a coil carrying
current and located in a magnetic field would tend to
orient itself in such manner that its lines of force
would be parallel to those of the magnetic field” . . .

According to this law, the coil of Fig. 4 would,
under the action of the combined magnetic fields, shift
through an angle of 90 degrees to the position shown
in Fig. 5, in which position there would be no further
tendency for the coil to rotate, for it has attained the
position established by the electrical law. . . . The
coil no longer is subjected to a turning force. . . . As
to the arrangement of the strong and weak magnetic
fields around the conductor, the fact that the strong
field is on the inside of the loop sides is due to the
direction of the current flow through the coil and the
direction of the magnetic field from the magnets. If

FIG. 5. Here the loop has rotated 90 degrees and now
the turning force, shown in Fig. 4, is cancelled so that
when the loop reaches this position, it remains sta-
tionary.

by chance the current flow through the coil was re-
versed, the coil would remain in the same position, but
the location of the strong and weak fields would shift
through 180 degrees around each side; the “bunched”
lines now would be located on the outside of the coil
sides and the weak field on the inside.

Naturally such a temporary shift in the position of
the armature of the motor is of little value in practice.
... What is needed is continuous rotation. This is ac-
complished by using an armature made up of a num-
ber of separate coils rather than a single loop as shown
in Fig. 5 and also an arrangement whereby the exciting
voltage responsible for the current flow through the
armature coils is switched from one coil to the next as
each coil swings from the active to the inactive posi-
tion. All of this can be described as multi-coil arma-
tures and the use of a commutator. The function of
the commutator is to switch the armature exciting
voltage from coil to coil.

A simple illustration of how continuous rotation is
accomplished is shown in Figs. 6 and 7, wherein the
armature consists of two separate coils and the excit-
ing voltage is fed to the armature coils by means of
the commutator and brushes. The four commutator

FIG. 6. Here two loops with sides AB and CD at 90
degrees, terminate in four commutator segments, shown
below, with corresponding letters. Current flows
through the loop A-B and the resulting interacting
fields give the combination a clockwise rotation.

segments A’, B’, C’, and D’ are identified with the four
coil sides A, B, C, and D. In Fig. 6, current is flowing
through AB and the distribution of the magnetic field
between the pole pieces is as shown in Fig. 4. In Fig.
7, we assume that coil AB has swung through 90 de-
grees into the position shown, which corresponds with
that of Fig. 5, except that as a result of the rotation
of the commutator segments which connect to the coil
terminals, commutator segments A’B’ have moved
away from the two brushes, so that the current now is
flowing through coil CD and the magnetic field now is



acting upon these sides. The result is that coil CD
moves up into the position of AB and the latter again
is in the active position and the motor armature con-

FIG. 7. The loops are here shown advanced 90 degrees
from their position in Fig. 6. Current is now flowing
through C-D and none is flowing through the other;
therefore, C-D is now doing the work of rotating the
combination.

tinues rotating. . . . In practice the armature consists
of more than two windings, as does the commutator
consist of more than four segments. In this way the
jerky motion of a two-coil armature is overcome and
the rotation is smooth.

Speed Control

Let us now investigate some of the electrical char-
acteristics of the simple motor shown in Figs. 6 and 7.
The torque or turning force applied to the active coils
in the armature depends upon the strength of the com-
bined fields, hence an increase in the strength of these
fields will tend to make the loop move faster, in other

words will increase the speed of rotation of the arma-
ture. Conversely any decrease in the strength of these
combined fields will have the opposite effect: the
motor speed will decrease. Hence we see that the
speed of rotation of the motor is a function of those
conditions which determine the strength of the com-
bined fields. . . .

Since the current through the armature coils is one
of the contributors to the combined field, the magni-
tude of the armature current is a controlling agency,
increasing the motor speed as the current increases and
decreasing the motor speed as the current decreases.
The magnetic field due to the magnets also is a con-
trolling agency. Any decrease in this field strength
will slow down the motor speed and an increase in the
field strength will increase the motor speed. With per-
manent magnets used for the production of the field,
the field would be fixed in strength, but there is no
need for permanent magnets. Instead of permanent
magnets, electromagnets can be used,—in fact are used
in commercial units—in which case the current
through the field windings becomes a controlling
agency. The greater the strength of the field current,
the greater the speed of the motor and the less the
strength of the field current, the slower the speed of
the motor. . . . Thus two basic forms of motor speed
control exist for such d-c motors, namely either or
both the armature and field currents.

Direction of Rotation

Let us now look into the direction of rotation of the
revolving armature. As you witnessed in Figs. 4 and
7, the direction of rotation is a function of the relative
directions of the armature current and the direction of
the current through the field winding. For any one
motor, this is determined in the design as identified by
positive and negative markings upon the input exciting

FIGS. 8A, left, and 8B. In Fig. 8A the current is flowing up out of the paper and in the opposite direction
in Fig. 8B. Note that in each case the interacting fields force the wire upwards, which is because the po-
larity of the magnet has also been reversed as well as the direction of current flow.
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voltage terminals of the motor. If we were to reverse
the direction of motion of the coil sides in Fig. 6, it
would be necessary to shift the bunched lines of the
combined fields from the under side of locp side A to
the upper side and from the upper side of loop side B
to the underside.

This can be done in two ways, both of which entail
a change in the direction of one of the two magnetic
fields which make up the combined field. We can
change either the direction of the current through the
armature or the direction of the_current through the
field, but not both. 1f both are changed, the direction
of rotation remains the same. This is shown in simple
form in Fig. 8 A and B, which shows the magnetic
lines of force around one side of the active turn of the
armature winding, for the field and the current flow
in one direction and then both field and current flow
reversed. Note that the force exerted is upwards in
both cases, which means that it would be downwards
in both cases upon the other loop side of the same
coil. . . . It is this which makes possible the design of
a d-c motor which is suitable for use upon a-c power
supply lines, in other words the universal motor.

Speed and Torque Characteristics

One of the major operating characteristics of motors
in general is their behavior relative to the speed and
turning power or torque. From what has been said
you can gather that the speed of a motor may vary as
a result of what conditions are created by changes in
line voltage, as for example changes in either field or
armature current due to changes in the exciting volt-
age applied to either or both of these parts of the
motor. If the speed varies what happens to the torque
developed by the motor?

These considerations introduce certain special con-
ditions in motors of the kind being discussed. First
they involve a basic electrical law which has not been
mentioned as yet and which is associated with the
armature, and second, they introduce certain relation-
ships between the armature and field arrangements
Let’s take the first item, the reaction of the armature.

We know that the flow of current in the armature
winding is responsible for the fact that the motor
armature turns. Also that the greater the current in
this armature, the greater the speed of ratation. If
nothing but this one condition controlled the speed of
a motor, it would be pretty much impossible to attain
any semblance of constancy of speed or a variation in
torque required to meet different conditions. However,
there is another condition which exists in a motor: it
is the reaction of the armature in motion upon itself.

When the armature is revolving m the magnetic
field, it represents a series of conductors cutting a
magnetic field. As is well known, one of the basic
electrical laws states that when a conductor cuts a
magnetic field, a voltage is induced in the conductor.
This happens in the motor armature, so that during
operation we have two voltages acting upon the arma-
ture: the impressed voltage from the power line and
the back emf or counter electromotive force developed
by the motion of the conductor in the magnetic field.
It is the difference between these two voltages, or the
effective emf, which is responsible for the amount of
current which actually flows through the armature
during operation.

At the instant before the armature starts turning,
the back emf is zero, so that a very high value of
current flows through the armature. This develops a
very high torque, for the combined magnetic field act-
ing upon the armature is very strong and this explains
the very high starting current of motors. . . . As the
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motor starts turning, back emf is developed in the
armature and at every instant, the amount of current
being forced through the resistance of the armature is
the difference between the impressed voltage and the
back emf, until at normal running speed the actual
effective voltage responsible for the armature current
may be but a few volts even though the impressed
voltage is more than 100 volts.

Because of this condition it is proper to say that the
speed of a motor is largely controlled by the back emf
rather than the impressed voltage because the back
emf is a function of the load. The greater the load,
the slower the speed of the motor and the less the back
emf, hence the greater the amount of current caused
to flow through the armature and required to develop
sufficient torque to overcome the drag of the load. As
the motor picks up speed, having overcome the initial
drag of the load, the required torque decreases, for as
the motor speeds up, the back emf increases and the
effective voltage decreases with consequent reduction
in the current through the armature.

The manner in which this relationship, that is,
torque and load, is established in a motor depends
upon the way in which the currents in the field and
armature circuits are controlled. This gives rise to
three basic types of d-c motors differentiated in the
form of the connections between the field and arma-
ture circuits. However only one of these is of interest
in this limited discussion.

The Series D-C Motor

The simplest of the d-c motors is that identified as
the series type. By “series” is meant that the arma-
ture and field windings are connected in series, as
shown in Figs. 9 and 10. As is evident the current is
the same throughout all the windings. It should, of
course, be understood that while the rotor is shown as
a single winding, and it would appear as if the current
flows through all of the windings at the same time, ac-
tually the current is fed only to one coil at a time.
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That coil, which by virtue of its position between the
pole pieces, is the active winding, as illustrated in
simple form in Figs. 6 and 7. Since the armature and
field windings are connected in series, any change in
current causes a change in intensity of both magnetic
fields; consequently, a definite change in the speed of
the rotor.

When such a motor is used in a record-changer
mechanism, it has to start up under full load, that of
the drag of the turntable, the record, the various driv-
ing mechanisms, as well as the pick-up, the latter
being the least of them all for as a rule pick-up
devices are extremely light in weight. When the motor
is switched “on” to the power supply, the full line
voltage is therefore applied to the windings. Conse-
quently, there is a momentary “rush” of current which
is several times greater than the current existing at
normal operating speed. The reason for this was ex-
plained previously in connection with the discussion
of counter emf. The amount of current which will
flow during the instant of starting is limited only by
the total resistance of the rotor or armature and field
windings. Thus, both magnetic fields are at very high
intensity; and since the torque or turning force is
directly proportional to the reaction between the two
magnetic fields, which is very high at the start, the
motor is capable of starting easily with a full load.
This happens to be one of the salient characteristics
of the series type of motor. The relationship between
the current and the torque for such a series motor is
shown in Fig. 11
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The decrease in torque concurrently with the de-
crease in current was explained previously in connec-
tion with the development of the counter emf and the
fact that as the initial drag of the load is overcome,
the required torque decreases and the motor speed
increases. As the motor speed increases, the counter
emf likewise increases and the effective voltage across
the armature decreases; hence the current through the
armature likewise decreases.




In Fig. 12 it is seen that the voltage impressed does
have a definite effect upon the characteristics of the
series type d-c motor. This means that line veltage as
well as load will cause a change in speed. If the line
voltage rises above the average normal value, the
speed is increased correspondingly; if it is decreased,
the speed is reduced.

Since turntables used in record changers, phono-
graphs, and recording devices must revolve at certain
speeds, generally 3314 or 78 rpm, a governor or speed
regulator assembly (discussed in detail elsewhere in
this book) is provided with the motor assembly as
well as speed reduction mechanisms whereby the high-
speed armature is geared down to provide the proper
number of revolutions of the turntable.

In view of the high instantaneous current flow when

a series type motor starts under load, it is customary -

to provide a current control series resistance. The pur-
pose of this resistance is to reduce the magnitude of
current flowing in the system at the instant of starting
and thus avoid possible damage to the windings. In
practically all motors of the variety suitable for use
in record changers and other devices which employ
fractional horsepower units, this series resistance is
omitted because of the comparatively high resistance
of the motor itself. This system does not apply with-
out qualifications to the universal type of motor
which will be discussed later, after the a-c types of
motors have been introduced.

A.C MOTORS

ALTHOUGH we started this chapter with a discussion
of the direct-current motor, it does not mean that
those motors are the most popular; in fact just the
reverse it true. The alternating-current motor is by
far the most commonplace. It seems safe to say that
fully 95 percent of all rotating machinery operated in
the United States employs alternating current types of
motors as the driving power. The reasons for this are
simple and numerous. To mention just a few; it is
far more economical to transmit electrical energy as
alternating current rather than as direct current; also
motors intended for a-c operation are much simpler to
build, operate, and maintain than direct-current equip-
ment.

In the field of automatic record changers and re-
corders, the same thing is trué. In fact most of this
equipment is intended for a-c operation and even
when provision is made for d-c operation it is by means
of a ‘““universal” motor which is suitable for both a-c
and d-c use. As far as d-c application is concerned,
the basic series type d-c motor is the basis of the uni-
versal motor and it will be dealt with later. At the
moment we wish to delve into those fractional horse-
power motors which are intended for a-c operation.

You will recall that we mentioned earlier in this
chapter the fact that comparatively few defects found
in motors come within the province of the radio serv-
iceman, although some few defects are within his
scope. In the case of a-c motors this is even more
true, for there are still fewer things in such motors
which can go wrong. Nevertheless, a general under-
standing of the operation of a few types of a-c motors
will do no harm.

Among the a-c motors which are used in recorders
and record changers the most popular is the “induc-
tion” motor, hence that kind will be discussed first.
As the name implies, the operation of the motor is
based upon electromagnetic induction of electric cur-
rent into one part of the system. As in the case of the
d-c motor the turning force or torque is the result of
the interaction between two magnetic fields. Such is
true in the a-c motor too, but whereas in the d-c mo-
tor, a current-carrying conductor revolves within a
magnetic field, which also is created by the flow of
current through a conductor, in the induction type of
a-c motor, the field is produced by the flow of current,
but the rotor or armature has no electrical connection
with the remainder of the system.

The rotor revolves as the consequence of electric
current which is electromagnetically induced within
the conducting surfaces of the rotor. We refrain from
speaking about coils or windings of the rotor, because
in the design of the small induction-motor rotor, which
is the equivalent of the d-c armature, there are no
coils, as we normally understand the term. About the
best comparison between the electrical conditions ex-
isting in an induction motor and some other electrical
device is an ordinary transformer with a multi-turn
primary and a single turn secondary. The primary
winding of the transformer is the equivalent of the
field winding in the motor and the one turn secondary
is the equivalent of the rotor.

To appreciate the manner in which this type of
motor operates, it is necessary to go back to one of the
early discoveries in the realm of electricity. No doubt
you recall that a compass needle placed near a con-
ductor carrying current will orient itself in a definite
manner, depending upon the direction of the current
flow through the conductor. Reversing the direction
of the current through the conductor will reverse the
orientation of the needle; or shifting the needle from
below the current-carrying wire to a position above
the current-carrying wire will also change the direction
of the needle. In other words the magnetic field sur-
rounding the wire which carries the current will react
upon the magnetic needle and if the current through
this wire were reversed at a definite rate and slowly
enough, the needle will oscillate back and forth upon
its suspension. This illustrates the fact that a chang-
ing field can cause motion in a neighboring element
which also has a magnetic field.



But a more direct discavery which is related to the
induction motor, is that wherein it was found that if
a magnet were supported beneath a copper disc and
this magnet was revolved, the copper disc also would
revolve in the same direction as the revolving field
(See Fig. 13). . . . The copper disc would not re-
volve as rapidly as the magnet, but once a uniform
rate of rotation had been set up for the magnet, the
copper disc would also move at a uniform rate, al-
though somewhat more slowly than the magnet.

YIG. 13. Because of the setting up of eddy currents
in the copper disc by the revolving magnet and the
resulting interaction of the magnet’s field with that
set up by the eddy currents, the disc will also rotate
but more slowly than the magnet.

Obviously, since copper is a non-magnetic sub-
stance, the principle of operation could not be the
same as that of the magnet needle and the current-
carrying wire. After ‘due deliberation it was estab-
lished that the reason behind the movement of the
copper disc was that the original movement of the
magnet under the surface of the originally stationary
conductor (copper disc) was the equivalent of moving
magnetic lines of force cutting a conductar. As a re-
sult eddy currents were induced in the conductor.
Since current flow existed in the conductor, magnetic
lines of force were created. The reaction between these
two sets of flux lines was such as to tend to stop the
magnet from revolving, for it is a basic law of elec-
tricity that if a changing flux links with a circuit and
induces current in that circuit, the direction of that
current flow and the consequent direction of the re-
sultant magnetic field, is such as to oppose the change
in the inducing flux. Since the force of the revolving
magnet was stronger than that of the retarding action,
a force was exerted upon the disc which tended to
make it follow the revolving magnet. Since the disc
was mounted upon a spindle which permitted it to
turn, it followed the direction of the motion of the
revolving field of the magnet. . . . It could never
catch up to the magnet in speed, for if it did, there
would be no cutting of flux lines by the conductor. It
would be just as if the disc and magnet were moved
simultaneously, in which case no voltage would be in-
duced in the conductor, hence no current and no re-

sultant magnetic field and no interaction of the two
fields to produce the turning force or torque.

The above is essentially the basis of operation of
the induction motor. Expressed differently, it is that
a revolving electromagnetic field is set up in the in-
duction motor. This field surrounds the rotor and
induces electric currents in it. A magnetic field is
created by the current flow through the rotor and this
field reacts with the revolving field; the result is a
torque applied to the rotor and the rotor turns after
the revolving field and will continue turning as long
as the inducing field continues revolving. As in the
case of the revolving magnet and disc, the motor rotor
speed can never equal the speed of the revolving field,
for then there would be no cutting of flux lines by the
rotor. The difference in speed between the revolving
field and the revolving rotor is known as the “slip”
and in small motors may be as high as 40 percent.
As you can readily appreciate, many factors can con-
tribute to the “lag” between the revolving field and
the revolving rotor, such as the friction of the rotor
bearings, the load upon the motor, etc. . . .

Now, the problem of producing such a revolving
field is interesting. It is easy to see that the use of
revolving permanent magnets of even the most mod-
ern design, or even electromagnets instead of perma-
nent magnets, would not be the most convenient
method, for it would require a direct-current source to
excite the electromagnets, the use of contact brushes
and connections to the revolving circuits, a separate
means of revolving the magnets, etc. The use of
alternating current, however, does afford the means
of attaining the desired condition, although certain
conditions and arrangements must be set up.

FIG. 14. With sin-
gle-phase alternat-
ing current creat-
ing two magnetic
poles even though
a changing field is
set up, there will
be no rotating
field and so the
rotor will not turn.

For example, the use of two magnetic poles, like
those shown in Fig. 14, with a rotor located between
the pole pieces, would not be satisfactory, for while
it is true that a changing field would exist between the
two pole pieces and each pole would alternately be
North and South, the arrangement would still be shy
the rotating field. True that voltages would be in-
duced in the conductors of the rotor due to the vary-
ing flux, but no rotating force would be applied to the
conductors.



Incidentally, the type of rotor used in induction
motors is like that shown in Fig. 15, wherein the con-
ductors are a series of copper bars, or even castings
of a light metal, attached to two end rings which short
circuit the bars, forming one conducting member. This
is known as a “squirrel cage” rotor. Various manu-
facturers use modified designs, as for example the en-
tire rotor assembly with the exception of the shaft, is
a casting.

Referring again to Fig. 14, that arrangement while
not self starting, would still function as an induction
motor, if the rotor is given an initial spin each time
the motor is to be started. Once started, it will con-
tinue turning. While we will not show the exact things
mentioned, since such arrangement is not used com-
mercially, we can say that the rotor continues revolv-
ing, once it has been started, because it develops its

" SHORT CIRCUITING
END RINGS

FIG. 15. The squirrel-cage rotor is a series of copper
bars held in position by end rings that short-circuit
the bars.

own magnetic field, which field is at right angles to
that due to the excitation of the field magnets by the
current from the power line. Just what is meant by
these two fields being at right angles will become evi-
dent a little later; in the meantime, let it be known
that as the rotor is caused to revolve by some external
means, the conductors are cutting the lines of the
field. This results in induced currents flowing in the
rotor conductors. Since this rotor is entirely inductive,
these currents lag behind the induced voltage by 90
degrees, hence the magnetic field created by these in-
duced currents also lags the inducing field by 90 de-
grees. Thus two fields at right angles to each other
exist in the mechanism. As the result of the change
in polarity and direction of flux lines of the inducing
ficld, the polarity of the induced field also changes,
with the result that the reaction between these two
fields causes the rotor to continue turning.

The simplest method, which however is not used
in record changers and recorder motors because the

kind of electric power needed—two-phase supply—is
not available, is the use of two-phase supply. We
show this arrangement in order to illustrate the de-
velopment of the rotating field. Later you will see
how virtually the same thing is accomplished in com-
mercial units by one or more ingenious arrangements
which permit the application of conventional single-
phase a-c supply.
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FIG. 16. Voltage waves of two-phase alternating cur-
rent wherein phase A leads phase B by 90 degrees.

In the example we shall show and in commercial
units, one thing remains the same, namely the use of
four-pole field magnets. These are electromagnets
which are excited by current from the power lines. At
the moment we shall assume the use of two-phase
supply, which is nothing more than two a-c lines of
like voltage, but wherein the two voltages are 90 de-
grees apart, as for example as illustrated in Fig. 16.
One supply is identified as phase A and the other as
phase B. The reference to ‘“current” can just as
readily be interpreted as “voltage.” The arrangement
of the field magnets is shown in Fig. 17. Between the
pole pieces you can assume the existence of a squirrel
cage rotor such as shown in Fig. 15. A commercial
example of such rotor as used in a conventional auto-
matic record changer motor is shown in Fig. 18.

The poles of the field magnet are numbered from 1
to 4 in a clockwise direction and they are arranged in
pairs of ! and 3 and 2 and 4. Phase A current wind-
ings are around poles 1 and 3 and phase B current
windings are around coils 2 and 4. When such an ar-
rangement is connected to a two-phase power supply,
there will be times when all coils are carrying current
of varying magnitude, depending upon the phase re-
lationships and other times when only one pair of coils

FIG. 17. Two of
the field windings,
1 and 3, are con-
nected in series

with phase A and .., , /)
the other two are 77 /%’
connected in series /
with phase B, 1

these being the

components of the
alternating volt-
age of Fig. 16.
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will be carrying current, this too depending upon the
phase condition. Just what we mean can be seen in
Fig. 19, by referring to the curves of the two currents.

For example at the start*of the cycle—and this
point is arbitrarily selected—the current in phase A
is maximum whereas in phase B it is zero. After a
45-degree time lapse, the current in both phases is
the same, except that one is increasing whereas the
other is decreasing, although both are still positive.
After a time interval of 90 degrees, or one-quarter
cycle, the current in phase A is zero, whereas that in
phase B is maximum. In like manner you can trace
through and note the change in both magnitude as well
as direction of the currents in both phases during a
complete cycle. . . . Starting at any point other than
as shown, makes no difference for the conditions shown
still prevail.

Now, when these currents are applied to the field
windings, the poles will become energized in accordance
with the magnitude and direction of the currents shown
in the wave curves. In the various illustrations of the
flux lines existing between the poles of the field mag-
net, it is essential to understand one important condi-
tion. In those illustrations which indicate quarter-
cycle changes, that is when only one pair of poles are
being energized, as for example at O degrees, 90 de-
grees, 180 degrees, 270 degrees, and 360 degrees, the
horizontal or vertical lines indicate the flux between
the two poles, but in the other illustrations, the curved
lines representative of flux between adjacent poles in-
dicate the resultant flux due to the combined fluxes,
for all poles are being excited as you can see by the
examination of the current curves at the 45-degree,
135-degree, 225-degree and 315-degree positions. You
may imagine in the lower four illustrations of the field
magnets that some change has taken place in the mode
of connecting the coils around the pole pieces. Such has
not taken place. The connection of these windings is
exactly the same for all cases, but as was stated, the
direction and location of the flux lines is the result of
the combination of the flux lines between the two pairs
of magnets.

FIG. 18. A commercial type of rotor such as is used
with an a-c motor employed in a record changer.
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For proper understanding of the rotation of this
field, you must realize that the polarity of any pole
is dependent upon the direction of the current through
the coil surrounding the pole piece. Thus pole 1 in
the first illustration of the field magnets and pole 3
in the same illustration remain N and S respectively
as long as phase A current is in the positive direction,
that is, above the zero reference line of the current
curves. When phase A changes, i.e., is in the negative
direction, pole 1 becomes S and pole 3 becomes N.

In the same manner, when phase B is in the positive
direction pole 2 is N and pole 4 is S, but when phase
B is in the negative direction, pole 2 is S and pole 4
is N. Because of these conditions, when current is
flowing through all the coils, the flux lines are caused
to exist between those poles which are unlike in po-
larity but nearest to each other. The combination of
these various fields gives rise to a resultant field which
tends to move the rotor in the direction of the solid
line arrow. If you wish you can assume a definite re-
lationship between say the N pole of the very first
illustration of the field magnets of Fig. 19 and the
rotor and imagine that whatever the reaction between
this N pole and the rotor, it exists as the N pole of
the field magnet systems swings around through 360
degrees.

What was just said is a perfectly logical method of
visualizing the action taking place. Since the speed
of rotation of the field is uniform, being determined
by the frequency of the supply line, and we assume
that the rotor also revolves at a uniform rate, (always
less than that of the rotating field), it is possible to
select some point on the rotor and view that point as
always being a certain distance behind the rotating
field, or for example the rotating N pole of the field
magnet system. Of course you must remember that
when we say “rotating N pole,” we do not mean that
the magnet itself revolves, physically speaking. . . .
We simply mean that the position of what is the N
pole of the magnetic system revolves.

The basis of movement of the rotor within such a
field has been described in connection with the disc
and the magnet. The rotating field cuts the conductors
of the rotor and induces current in them. A magnetic
field then is created around the rotor conductors. This
induced field reacts with the revolving field and causes
the rotor to follow the revolving field.

You will recall that such two-phase supply is not
available in those places where automatic record
changers and recorders are used, yet such induction
motors are employed. It is therefore of interest to
learn how such a rotating field can be simulated with
single-phase supply and still obviate the necessity of
giving the rotor that initial spin to start it moving,

There are various ways is which this is accom-
plished. The most frequent are “shaded poles” and
“phase splitting.” Just what these terms mean will



become evident as we progress through the discussion.
In all of these, as was stated earlier, the field magnet
system consists of four poles.

8haded Pole Type

The use of the shaded-pole magnet makes possible
self starting of the induction motor with single-phase
power supply and is representative of the majority of
the a-c motors used in record changers.

The general construction of this type of motor is
nearly the same as that of the two-phase variety, for
certain definite requirements exist and these must be
fulfilled. Thus the motor employs a four-pole magnet
and it is still necessary to energize or excite the pole
pieces; hence the field winding is required, except that
in this case a number of different arrangements are
used. In the most economically constructed units, a
single winding is employed, which is so arranged that
it weaves in and out or rather above and below each
of the poles as shown in Fig. 20.

In more expensive units, four coils are used, each
surrounding a pole piece and these are interconnected
in such a manner as to produce the proper polarity at
the various poles. This is shown in Fig. 21, which il-
lustration also shows the four shaded poles.

F1G. 20. A commercial shaded-pole motor wherein a
single field winding is used that weaves above and
below the pole pieces.

By shaded poles is meant an arrangement in the
structure of the poles whereby a short circuiting coil
is placed around one portion of the pole piece. You
can see in Fig. 21, that a portion of each pole is di-
vided into two unequal parts by means of a slot. A
solid copper ring is placed around the smaller part of
the pole piece, thus creating two separate active areas
at each pole.
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FIG. 19. When two-phase alternating voltage is impressed across the two sets of field windings of a
motor, such as shown in Fig. 17, the field set up by these electromagnets will rotate as shown, with the
different conditions indicated for each 45 degrees of the complete cycle.



Under normal conditions when a magnetic pole is
starting to develop flux, it will tend to spread out uni-
formly over the entire cross section area of the pole.
As this takes place, it represents a varying flux, hence
a voltage will be induced in the single-turn copper
loop, that is, the “shading coil.” This naturally in-
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FIG. 21. The pole
pieces of a shaded-
pole motor are di-
vided, the main
winding being
around the entire
pole and a single-
turn copper loop
around the smaller
portion.

SHADING COL

SOUIRREL-CAGE
ROTOR

duces a flow of current in the coil, which in turn sets up
its own magnetic field. The net result is that the field
emanating from any one pole is not uniform in density
or in the rate of change, for that which is due to the
shaded pole lags behind that due to the regular pole,
as shown in Fig. 22, The lag in time between the un-
shaded pole and the shaded pole does not appear upon
this illustration, but the variation in density is evi-
dent. You can readily see that the unshaded portion
of the pole develops the field first for there is nothing
to hinder the growth of the field. Likewise it is the
part wherein the field decays first as the current flow
through the coil is decreasing.

But not so in the shaded portion. Here, current is
induced in the shading coil during the original rise of
the field as well as during the decay. Thus there ap-
pears a condition of a shift in the position of maximum
flux density from the unshaded pole to the shaded pole
and this is best illustrated in Fig. 23. The original
plane of maximum flux density is as shown by the
solid line A as being between one pair of N and S
poles. After the current in the coils has started to de-
crease and the field to decay, the field in the shaded
pole is first starting to increase, so that there has taken
place a shift in the field to the new plane designated

SHADING 3
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-7 FIG. 22. The den-
sity of the field
/ from the unshaded
portion of a pole
is greater than
that part of the
field from the
shaded portion
and the latter field
\\ lags behind the

AN former, as ex-
plained in the text.
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by the dashed line B.... This is the equivalent of a
“traveling” or “rotating” field, at least sufficiently so,
when it takes place across all four poles, to start the
motor turning. Once the rotor is turning it will keep
on rotating as long as power is applied to the field
windings. As to the direction of rotation, it is towards
the shaded pole.

If you compare Fig. 23 with Fig. 19, you will see
the similarity between the rotation of the original N
pole in the magnetic field in the two-phase motor and
the movement of the field in Fig. 23. True that the
action of the shaded pole is really only a shift of the

FIG. 23. The line
A-A indicates the
plane of maximum
field density be-
tween one pair of
poles. When the
lagging field, of
the shaded portion
of the poles, has
reached its great-
est density, the
plane of the re-
sultant field is at
B-B.

field, only about 45 degrees, as against the 90 degrees
in the two-phase motor, but it is sufficient, for all that
is needed is the starting torque, which it supplies very
satisfactorily.

Split Phase Methods

We have seen in the various examples given so far
that a basic requirement of self starting induction
motors is the presence of two separate magnetic fields
which are out of phase and which rotate in the space
within the field magnets.

In the various examples given the field magnets
were comprised of four poles, all of which were used
in connection with the operation of the motor. There
is, however, another arrangement, one which is quite
popular, wherein a single-phase supply is used, but
this phase is split. By splitting the phase we mean
that two channels are provided for the current ob-
tained from the supply and a phase difference is
created between the currents in the two branches.
One of these circuit branches is affiliated with two of
the four poles and forms what is known as the “start-
ing” field and the other branch is associated with the
remaining two poles of the field magnet assembly and
forms what is known as the “running” field . . . You
no doubt will recall that two poles are sufficient to
keep the motor running, once it has been started.

One of the two most convenient methods of splitting
the phase of the power-supply current is the use of
capacity and inductance in one leg of the circuit as
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against the presence of substantially pure inductance
in the other. The other is the use of different values
of inductance in the “starting” and “running” winding
systems.

Capacity-8tart Motor

The schematic arrangement of the capacity system
is shown in Fig. 24. As you can see the capacity is
inserted into the starting circuit, shown in thin lines,
whereas the normal circuit arrangement is used for
the running windings, shown in heavy lines. In order
to keep the value of the capacity low and still create
the greatest phase difference between the starting and
running fields, the running winding is generally
wound with about twice as many turns as are used for
the starting winding. The average value of capacity
used in this type of starting system employed to drive
record changers, is between 1.0 and 1.5 mf. In larger
motors, larger values of capacity are used. The gen-
eral design of the starting winding in record-changer
motors is to provide for continuous operaticn of this
winding as well as the running winding. We make
this reference so as to correct any misconceptions
which may arise because of the nature of identification
of the two windings and the previous statement that
the motor can fun upon just one winding, once it has
been started. Also, because under certain conditions
in the case of large sized motors, provision is often
made to disconnect the starting winding automatically
once the motor is running. Such automatic systems
are seldom used in the fractional horse-power motors
utilized in devices of the kind described in this book.

As to the manner of producing the rotating field by
such phase splitting, you can understand in accordance
with basic electrical theory that current through a
condenser leads the voltage and current through an
inductance lags the voltage. Thus when current from
a circuit is caused to flow through two paths, one of
which contains substantially inductance only, and the
other path contains inductance as well as capacity,
with the former at a minimum, a definite phase differ-
ence will be created between the currents in the two
paths. The final phase of the current in the capacity-
inductance branch with respect to the current in the
inductance branch is, of course, determined by the
relative values of capacity and inductance in that
branch. By making the capacity effect preponder-
ant, the current in that branch is caused to lead the
current in the inductance branch. In other words, the
starting current leads the running current, so that the
basic condition of a phase difference between the two
currents which create the magnetic fields at the four
poles, is caused to exist and the conditions resemble
those which are obtained with the two-phase supply.

The circuital arrangements of the windings and the
capacity are shown in Fig. 24, as well as an approx-
imation of the phase difference between the two cir-
cuits. This wave diagram shows a phase difference of
about 60 degrees which is not intended to portray
specific constants for any one motor.

As to pertinent facts relating to the starting condenser,
too small a value interferes with proper starting while
too large a value impairs the running performance. As
it happens, motors of the type which we have in mind
afford sufficient leeway in the selection of the capacity
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FIG. 24. By inserting a capacity in the starting winding of a single-phase induction motor, a phase dif-
ference is created wherein the current 8, in the starting winding, leads that in the running winding, see

R in wave diagram at left. Compare with Fig. 19.
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value so that an ample tolerance is permitted. As a
rule, capacity values between 1.0 and 1.5 mf, as stated
before, represent a fair range from which to choose
for replacement. Of course, the final basis for selec-
tion of the capacitor is identification of the value used
in the original motor. This also applies to the voltage
rating of the condenser, bearing in mind that the volt-
age rating should be at least twice the line voltage.

Inasmuch as these small fractional horse-power mo-
tor systems do not cut out the starting coils when the
motor is running, it is imperative that the current
flow in the starting winding, that is through the con-
denser, be kept within safe limits. General limits are
about 0.65 to 0.8 ampere per microfarad during run-
ning, although the initial starting current will be
greater.

At the same time it is necessary to appreciate that
the capacity and inductance in the starting system are
connected in series and voltage far in excess of the
line voltage may be built up in the system, for the volt-
age across the inductive as well as the capacitative ele-
ments is a function of the reactance of the element
and the current through it. The possibility of damage
to the condenser due to excessive current load is
something which deserves consideration during service
operations. Refering again to the size of the con-
denser, a satisfactory description of its selection is
that whereby the motor when running at normal speed
does not stall during a temporary overload and
whereby the motor speed will rise quickly to normal.

Inductive Method

Perhaps this is not the most perfect caption to de-
scribe the split-phase motor which operates upon the
basis of a difference in value of inductance in the two
current branches, but it will suffice since it does de-
scribe the basis of the system and we already have
identified the general classification as well as the ca-
pacity type.

In the split-phase motor which depends for the
production of the rotating field by the use of two dif+
ference values of inductance for the field windings,
the required phase difference is established by using
one value of inductance for the “running” windipg
and another value of inductance for the ‘‘starting”
winding. Now, since the general condition of “lag”
between current and voltage holds in the case oi all
inductances, the simplest method of creating a phase
difference between currents in two branches of a sup-
ply is by a difference in the value of inductance
present in each branch. When this is done, that
branch wherein the inductance is less, will in effect

“lead” the current in the other branch, because,

the phase difference in two such branches is relative
to each other.
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By making the inductance of the “starting” wind-
ing less than that of the “running” winding, the field
between the pole pieces and due to the current flow
in the starting winding, will be displaced ahead of the
field due to the current in the running windings. The
net result will be a rotating field, equivalent in its
effect, although not in its efficiency of operation, to
the two-phase system.

A general idea of the schematic connection of such
a split-phase system is shown in Fig. 25, with the
running coils shown in heavy lines and the starting
windings in light lines. The wave diagram illustrates
in an arbitrary manner, the “lead” of the starting coil
currents, hence the “lead” of the starting coil flux with
respect to the running coil currents and the flux.

The double-pole switch shown in the schematic il-
lustration, provides the means of disconnecting the
starting windings after the motor has started turning.
In the larger motors this action is accomplished by an
automatic centrifugal switch.

In both cases, that is, the capacity-starting type
and the difference-inductance type, if we may call the
latter by that name, the speed of the rotating field is
due to the frequency of the line supply, just as in the
case of the two-phase system, but the rotor speed is
less, as established by the “slip.”

Referring again to the starting windings in such
motors, practically all small installations of the kind
being mentioned in this text provide for continuous
operation of this winding. By suitable design, the
current-carrying capacity of the starting winding is
ample to permit their presence in the circuit without
overheating.

Capacitor Synchronous Motor

Perhaps it might be better to classify this type of
motor as used in record changers as operating upon the
principle of magnetic hysteresis. The reference to ca-
pacity in the caption identifies that the supply current
is split into two paths as in the capacity start induction
motor. The reference to synchronous indicates that the
rotor speed corresponds to the speed of the rotating
field.

Such motors employ a four-pole field magnet system
with the field current split into two phases by the use
of a capacity in one leg. The rotor is of somewhat dif-
ferent design than that used in the induction motor be-
cause of the basis of operation. Both the rotor and the
field magnet assembly are shown in Fig. 26. As you
can see the rotor consists of a series of laminated rings
placed side by side and forming what would be a circu-
lar core of laminations of a magnetic material.

As in the case of all motors, the motion of the rotor
is dependent upon the interaction between the mag-
netic field due to the rotor and the field due to the field
magnets; but the development of the rotor field is



FIG. 26. A commercial capacitor synchronous motor
in which the field current is split into two phases by
the insertion of a condenser in one circuit. See Fig.
24. Note the laminated construction of the rotor.

somewhat different in this case than in the normal in-
duction motor. In the hysteresis motor, magnetic poles
are induced in the core by the flux lines emanating
from the field magnets. Further, the magnetism in-
duced in the rotor does not die out immediately when
the inducing field reaches zero due to the decrease in
current. Because of the magnetic lag present in mag-
netic materials, in other words, due to the hysteresis
effect, the core retains some of the magnetic state after
the inducing field has reached zero. Consequently, if
an initial state of attraction between poles is created
by the effect of the inducing field upon the rotor and
then the polarity of the field changes, the polarity of
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the rotor as a magnet is still what it was before the
field polarity changed; hence a condition of repulsion
action is created between the rotor poles and the field
poles, so that the rotor continues revolving in the same
direction.’

As in the case of the induction motor, such a motor
requires a revolving field in order to be self starting,
hence the splitting of the phase, but it will operate
with only two active poles, if the rotor is given an ini-
tial spin. This type of motor operates at synchronous
speed under normal load. If, however, it is subjected
to an overload so that the speed of rotation of the rotor
is reduced, it operates as an induction motor. If the
overload is reduced so that the rotor speed may agaip
increase, it will increase in speed until it “locks in"
with the speed of the rotating field, at which time it
will again perform as a synchronous motor.

Since the speed of such a motor is greater than that
required for the changer turntable, a reducing arrange-
ment is used, which in its simplest form is a small rub-
ber wheel acting as a friction drive for the turntable.

Eddy Current Motors

Hysteresis and eddy current motors are pretty much
the same in general operating principles. Hence a brief
description will suffice to explain the general action
taking place.

Essentially a disc is located between excited electro-
magnetic pole pieces. Whatever is to be rotated is
mechanically connected to this disc. By suitably ar-
ranging a rotating magnetic field, as for example by a
split-phase method, poles of opposite polarity induce
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FIG. 25. In order to get a difference in phase, the inductance of the starting winding is made less than
that of the running winding, and so the current in the former will lead that of the latter, resulting in a
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eddy currents in the disc. These eddy currents then
set up their own magnetic field which reacts with the
field of the pole pieces. Since the direction of these
eddy currents and the resultant field is such as to tend
to stop the rotation of the inducing field, a pull is de-
veloped between the inducing field and the field due to
the eddy currents. As a result of the nature of the
mounting of the disc, this pull is manifest in the form
of a torque upon the disc. . . . As you can see, this is
nearly the same as the basic copper disc-rotating mag-
net arrangement illustrated in Fig. 13, except that in
this case the rotating field is created by splitting the
phase of the power supply by one of the methods al-
ready described.

Universal Motor

The universal motor is a modification of the simple
series d-c motor. A basic electrical representation of
this unit would be like that of its d-c counterpart as
illustrated in Fig. 9. . . . As stated in connection with
the d-c motor, the basic magnetic effects created in the
d-c motor by the application of direct current to both
the magnets and the rotor remain the same in the a-c
system, despite the fact that the current flow is re-
versed periodically. The reason is that the direction of
current reverses simultaneously in both rotor and
stator, so that the forces acting upon the armature coils
always remains the same. This was shown in the two
illustrations Figs. 8A and 8B depicting the manner in
which the magnetic lines of force combine around a
conductor which is carrying current for simultaneously
reversed field as well as current flow.

However, the fact that alternating current is present
in the motor as compared with direct current, does in-
troduce certain modifications into the motor which is
intended for universal use. The commutator and brush
arrangement for the rotating mechanism is retained
and this is one of the very few instances when commu-
tator and brushes are used in an a-c motor. However,
in contrast to a field of many turns and a rotor or
armature of comparatively few turns as used in the d-c
unit, the universal motor employs a field of greatly re-
duced turns and an armature of many more turns and
more slots, which means more commutator segments.

“The reason behind this change is the necessity for
reducing the voltage drop across the impedance of the
field winding. Were the usual arrangement as used in
d-c units employed in the universal motor, the voltage
drop across the impedance of the field winding would
very materially reduce the voltage available for opera-
tion across the rotor. By reducing the number of turns
in the field and making the armature with more slots
and more turns, the least drop takes place across the
field winding impedance, the maximum voltage is avail-
able across the armature, and the proper amount of
magnetic reaction is developed so as to create the re-

quired amount of torque around the armature or rotor.

As it is, due to the reaction voltage developed across
the field winding in the universal motor, less voltage
is available across the armature, and the speed of this
type of motor is less on a-c than it is on d-c. No doubt
you must have noticed this effect if you have operated
a universal motor on d-c and a-c supply lines.

Still another major difference between the normal
series d-c motor and the universal motor is that of a
change in the design of the various magnetic paths.
Because alternating current supply may be used, it is
necessary to minimize the effects of hysteresis and
eddy-current losses. This is accomplished by using
laminated materials instead of solid cores for the arma-
ture and the field magnets. Since such losses do not
develop in d-c systems, solid forms may be used.

And yet another difference between the universal
motor and the series d-c motor is found in the arrange-
ment of the armature coils. This too is brought about
by the behaviour of circuits when operated upon alter-
nating current. . . . During normal operation of such
a motor, there are times when certain of the coils upon
the rotor are short circuited by the brushes, as shown
in Fig. 27, that is, during those moments when the
brush contacts two, rather than one commutator seg-
ment. When this happens, the shorted-circuited coils
behave just as if they were short-circuited secondary
windings of a transformer, for while they are upon the
rotating armature, they still are within the main alter-
nating field of the field magnets. Thus current flows
through these coils and if not controlled would inter-
fere with proper commutation by creating excessive
sparking, and also would shorten the normal operating
life of the brushes.

These bad effects are partly overcome by the use of
so-called “preventive” leads, which really are resist-
ances which join the coil ends to the commutator seg-
ments. Such resistors are not used in d-c units.

MAINTENANCE OF MOTORS

A¥TER all is said and done, this is the most important
portion of the section on motors, for it is here that the
man who uses this Manual may look for troubles and
remedies. But no matter how complete the listing, it is
at all times impossible to cover every single ailment,
and in the final analysis, general knowledge coupled
with commonsense will prove to be far more valuable
than a specific tabulation.

We said in the early part of this text that troubles in
modern fractional horsepower motors of the kind used
in record changers and recorders are comparatively
few, for since the majority of these devices employ
strictly a-c motors which have relatively few moving
parts, the number of parts which may go bad or which
may wear out are therefore anything but numerous.
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However, some a-c motors, particularly those of the
universal character, do make use of a commutator and
brushes. Of these two items, the commutators give
very little trouble. As to brushes, however, they do
wear out, and no matter how well-made the motor may
be, there comes a time when troubles arise as a result
of the impaired performance of the brushes. Thus it
seems most sensible to start this discussion by speaking
about motor brushes.

It is by means of the brushes which make contact
with the rotor or armature commutator that electric
current is fed into the armature windings, and since the
brush contacts are not stationary—that is, they make
momentary contact with individual commutator seg-
ments—it stands to reason that the nature of this con-
tact is important if freedom from sparking is to be
obtained. It is true that there are a number of condi-
tions which create sparking that are not associated with
the brushes themselves, as for example excessive load
upon the motor or shorted coils, but there are a num-
ber of conditions which are directly associated with the
brushes and which can cause sparking.

Inasmuch as the most perfectly arranged brushes
will eventually have to be replaced, it is imperative to
realize that proper bedding of the brushes to the com-
mutator is necessary. By proper bedding is meant that
the portion of the brush which makes contact with the
commutator, is formed so that the distribution of cur-
rent through the brush takes place over the entire area
of the brush surface in contact with the commutator
segment. Poor bedding of the brushes results in a high
current density on one point on the brush, and this is
to be avoided.

Looseness of the brush in its holder is another condi-
tion which will cause sparking, for it means that per-
fect contact between electrical connection to the brush
holder and the brush itself is not attained. Incorrect
alignment of brushes, that is, orientation of the brushes

FIG. 27. In order
to keep sparking
to a minimum in
universal motors,
resistances are in-
serted in the con-
nections between
the coils and the
commutator seg-
ments, as ex-
plained in the
text.

with respect to the neutral plane of the armature, will
unbalance the armature electrically and cause spark-
ing. This is more commonplace with brushes which are
mounted upon arms that can be moved, than those
which are rigidly attached to the frame of the motor.

Continuity tests can be applied to show up the qual-
ity of brush contact on commutator type motors—that
is, to establish if the connection between the brush and

the commutator is good or intermittent—by discon-
necting the motor from the power line and applying a
voltage source of low voltage rating in series with a
voltmeter across the motor. Twirling the rotor shaft
will indicate the nature of the brush contacts by the
steadiness of the voltage indication. Under normal
conditions there will be but slight fluctuation of the
meter pointer as the various commutator segments
move under the brushes. 1f the pointer swings widely
or if fluctuations are erratic, it is a sign of poor brush
contact with the commutator. It is, of course, possible
that the trouble lies in the commutator; that is, there
may be high spots on the commutator, more than likely
in the mica separators between the commutator seg-
ments. Or the commutator, because of previous spark-
ing, has become badly pitted; in which case it will be
necessary to send the entire armature assembly to a
repair shop in order to have the commutator turned
down to a smooth finish; or, if the pitting is not too
bad, the commutator can be smoothed with sandpaper
or glasspaper. Emery cloth should not be used because
the grains are electric conductors, and if they stick to
the mica separators between the commutator segments,
they will form electric conducting paths and thus in-
terfere with the function of the commutator, as well as
the normal operation of the motor.

Brushes should be replaced if they become cracked
or broken, or if for some reason full area contact to the
commutator becomes impossible because the brushes
have worn away. If inspection shows that but a small
portion of the brush protrudes from the brush holder,
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replacement should be made at that time rather than
delaying replacement for a later date. In altogether
too many cases the need to replace the brush is forgot-
ten. Brush lengths when new may vary from about 1%
te 34 inch on the different kinds of commutator mo-
tors, and should be discarded if they wear down to
about half their original length. If permitted to wear
down to a length that does not leave sufficient brush
body within the holder, brush vibration or “chatter” as
well as poor contact between the brush and the com-
mutator segments, may develop. As a rule, the springs
inside brush holders or sleeves are designed to have
sufficient tension only with brushes of a certain length,
and while they may expand sufficiently to provide a
contact between a very short brush and the commuta-
tor, such contacts will not be as good as they should be.

As to the process of bedding new brushes, it is neces-
sary to form a circular concave shape at the end of the
brush, so that it will fit the commutator. This can be
done by fastening (temporarily, of course) a short
strip of fine sandpaper around the commutator, and
oscillating the rotor shaft back and forth against the
new brush or brushes which have been properly in-
serted into the brush holders. The sandpaper will ap-
ply and form the proper initial curvature to the brush
ends. The final “shaping” of these brushes will be au-
tomatically effected by the normal wear of the commu-
tator against the brushes during regular motor opera-
tion. Brushes which have been in service for quite a
while, but are not worn away nor otherwise damaged,
may be cleaned and readjusted for further service. The
glaze or hardened surface which appears upon the face
of the brush can be scratched away with a pen knife or
a razor blade. A small piece of fine sandpaper wrapped
around a circular object which has the same diameter
as the commutator can be used to reshape the brush
face. In fact, this is an alternate method of shaping
new brushes to fit the commutator.

Oil should never be present on brushes or brush
holders, since it may seriously interfere with electrical
efficiency, as well as cause increased accumulation of
dust. Brushes need no lybrication. Wiping with a
kerosene moistened cloth will remove all oil or grease
which may have accumulated on the face of the brush.

Closely associated with the brushes is the commuta-
tor, hence while commutator-type motors are limited
primarily to the universal classification it may be a
good idea to consider them next in line. As far as com-
mutator troubles are concerned, major troubles can
seldom be repaired in the average shop handling record
changers and recorders. In practically all cases it is
necessary to send the entire assembly to a shop which
specializes in such work. Minor troubles on the other
hand come within the province of the average radio
repair shop, hence can be considered here.

In order to inspect a commutator properly, it is nec-
essary to disassemble the motor. When this has been

done, the commutator should be examined to establish
whether it is tight and true in its shaft mountings. The
segments should be examined for displacement or pos-
sible “scoring”; and the insulating strips of mica be-
tween the commutator segments should be examined
for embodied metal or carbon particles. Wearing away
of the brushes during operation takes the form of a fine
carbon or graphite powder which often settles upon the
insulation between commutator segments and if al-
lcwed to accumulate will eventually form a short-cir-
cuiting path between the segments and thus interfere
with proper operation of the motor.

Coil connections and the coils themselves should also
be examined for possible looseness or breaks. The
proper fit of the rotor core in its shaft mounting should
be noted, for slight looseness can seriously damage the
coils and insulation during the operation of the motor.
All in all a thorough physical check-up of the rotor is
as important as that of the record changer mechanisms.
A slight looseness of the commutator or rotor can be
corrected by cautiously tightening the mounting
“nuts,” being careful not to displace the commutator
position relative to the core. Caution must also be ob-
served so as not to damage the insulation of the coils
and connections, for the clamping arrangement which
holds the rotor on its core, is such as not to permit ad-
justments; the rotor must be sent out for repair or re-
placement. Slight commutator “scoring” or scratch
marks and “burrs,” can be eliminated or corrected by
wrapping a strip of very fine sandpaper around the
commutator, and turning the commutator at uniform
speed so as to obtain an even abrasive action around
the entire commutator. This should be done with the
rotor out of the motor. Extensive scoring and “burn-
out” spots caused by heavy sparking necessitate send-
ing the rotor out for repair, for such a condition re-
quires that the commutator be “turned-down” on a
lathe so as to form a new even surface. Commutators
which show a heavy “wear-groove” should be repaired
which means that the motors should not be continued
in operation.

If any of the insulation strips between commutator
segments become displaced, so that they rise up above
the commutator surface, they must be either pushed
down, if that is possible, or the protruding surface
must be cut away by means of a sharp knife or razor
blade. In order to push this insulationr down below the
surface of the commutator, it is necessary to loosen the
commutator assembly ring or insulated mounting nut.
As a rule this is not recommended so that the other
method of correcting the trouble is suggested. If, how-
ever, the commutator can be loosened, the insulation
should first be pushed down between the commutator
segments, for it may be possible to accomplish the re-
quired condition without cutting away any of the in-
sulation. If the commutator segments become loosened
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through operation, re-alignment is necessary. It is sug-
gested that such work be given over to some one who is
experienced; in other words, the latter should be sent
to a regular repair shop. That the commutator should
be perfectly clean and have a uniform surface is very
important for high segments, protruding insulation, or
any form of eccentricity will cause the brushes to
bounce and produce arcs.

That’s about all that we deem it prudent to say
about the adjustment of brushes and commutators. In
fact we will even go so far as to say that in anything
other than a trifling defect, this in connection with the
commutator, the wisest thing to do is to take the unit
into a motor repair shop for service. It will prove
cheaper in the long run.

COMMONPLACE TROUBLES

A MoTor is like any other electrical device in that
specific continuity of circuit is necessary in order that
the device operate. However, unlike other devices
which come into the hands of the radio serviceman,
very little information is available concerning such
things as ohmic resistance of windings and the reaction
of motor windings; consequently, it is useless to speak
about the measurement of resistance as a means of
determining the condition of the various circuits
within a motor. This does not, of course, eliminate
the possibility of making different types of continuity
tests for they do serve a purpose; however, because
of the limited servicing facilities available in the aver-
age radio service shop as far as motor maintenance is
concerned, about the only form of continuity test that
really means anything and which comes within the
province of the radio repairman is that to establish
whether or not current is flowing in a circuit or if the
proper voltage is being applied.

If we break down the various classifications of
troubles which exist in motors of the type being dis-
cussed here, they would amount to three. These are,

1. The motor does not start

2. The motor runs hot

3. Mechanical noise
Suppose that we consider these in the order in which
they were presented.

Motor does not start:

In this case it is necessary to correlate the possible
troubles with the type of motor. What we mean by
this is that there may be certain items which are sub-
ject to scrutiny as possible causes for the creation of
this condition, as applicable to a universal motor and
not applicable to an induction motor. These must be
borne in mind as the various contributing causes are
considered.
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The supply voltage is at all times an important
item for if it is too low, the motor will not start be-
cause of the drag of the load. In fact, it may not start
even without any load, hence, one of the important
things to do, if not the most important item, in order
to check why a motor does not start, is to measure
the line voltage at the motor terminals. As a general
rule, tolerances in motor voltages run approximately
plus and minus 10%. If the voltage at the motor
terminal seems normal yet the motor does not start
but instead there is a hum, apparently from the motor,
either the load is too great for the motor or some part
of the motor mechanism, reduction gear mechanism,
or turntable is jammed and prevents the motor from
turning over. The fact that a hum is audible and
seems to emanate from the motor is evidence of the
fact that power is being applied to the motor.
Whether or not this is correct is something else, but
at least it is known that current is flowing through
the motor windings.

The next logical step in order to identify the reason
for not starting with voltage being applied, is to re-
move the load from the motor. An alternate method
to establish if something in the drive arrangement is
jammed or if the motor bearings are frozen, is to re-
move the supply voltage and to try and turn the motor
by means of the turntable, or if the turntable has been
removed from the recorder or record changer, to check
the motor itself and see if the rotor can be turned.
In those instances where reducing gears are used it
may be necessary to open this case and check the
condition of these gears for jamming. In some cases
this may be somewhat difficult to do for in many in-
stallations the reduction gear and motor are one as-
sembly. However, since the original parts were put
together in the plant, it is possible to disassemble the
two units and the first step should be the drive re-
duction gear mechanism.

Inasmuch as it is possible to have line voltage at
the motor terminals, without necessarily having proper
continuity through the motor windings, it is necessary
to use whatever convenient means are available for
establishing if current is flowing through these wind-
ings. If a current meter of the proper type is avail-
able, it can be inserted in series with one side of the
supply voltage line and a motor terminal. This meter
must first of all be of the proper type to accommo-
date the power bemg supplied, that is ac or dc.
Second it must have a current rating, several times
the normal current requirements of the motor when
running under full load. The reason for this is that if
the motor is locked so it cannot turn, the power con-
sumption of the motor is increased above that when
the motor can turn freely. Thus a motor which would
normally require a .5 to 1 ampere meter for current
checking, requires an ammeter rated at about 5 am-
peres full scale.



If the ammeter indicates the flow of current into
the motor, the next step is to take the motor apart
and check to see if the freezing of the rotor is due to
bearing trouble. In the case of the majority of record
changer motors, the bearings are of simple kind and
more than likely will not freeze. In the case of uni-
versal motors any number of items, as for example too
much tension on the brushes, lack of lubrication as
to bearings, a sprung armature shaft, are among those
which will tend to bind the rotor and prevent it from
revolving. In addition, if any foreign particles have
lodged in between the armature and the field pole
pieces, that too may cause the rotor to stop and this
applies as well to the induction motor as it does to the
universal, hysteresis or any other type which is being
used. Troubles due to foreign particles or to too
much tension on the brushes can be repaired by the
radio shop. But troubles of the other type, which re-
quire special machinery, should be taken care of by
those who are qualified technically and have the
equipment to do the work.

A very simple and effective method of establishing
whether or not current is flowing through a motor
which is not turning over, and measuring equipment
is not available, is to check manually for heat being
developed in the winding of the motor. A motor which
is carrying current but which is not turning over, will
become quite hot rapidly; that is, if it does not blow
a fuse even before its temperature rises appreciably.

In the case of split-phase motors, trouble in the
starting circuit may prevent the motor from starting.
However, such a motor will run if started initially
although it is possible that when under load the motor
will stall. This depends entirely upon the design of a
motor, that is, the extent to which the presence of the
starting coil in the circuit contributes to its operation.
Normally in the larger classifications of motors, these
starting coils are disconnected from the circuit, and in
the small record changer type of motors, the starting
coil is left in the circuit and is always in operation.
Inasmuch as the majority of split-phase induction
motors used in record changers employ a condenser
in one leg, trouble in such a starting circuit is in-
variably associated with this capacity and its connect-
ing leads.

Since the condenser used in such split-phase systems
is of the paper dielectric kind, normal tests applicable
to condensers of this type are perfectly satisfactory.
The fact that the condenser is used in connection with
a motor does not introduce any special consideration
into the test.

Short-circuited windings in either the stator or the
rotor, or both, depending upon the type of motor in-
volved, will prevent the motor from running. These
can be checked by anyone of the methods already de-
scribed, hence this reference is nothing more than a

supplementary listing of a condition which will pre-
vent the starting of the motor.

Motor Runs Hot

We have already made some references to condi-
tions which will cause a motor to run hot. Proper lack
of lubrication is, of course, a very important item and
the following should be of definite value.

In the majority of small motors which are used in
record changers, the bearings are of very simple type
and the means of lubricating the moving parts is
in the form of oil-soaked felt washers which either
surround the rotating shaft or make contact with
it so that the oil gets into ur between the mov-
ing parts. In some of the more elaborate motors as
used in the recorders, specific lubricating holes are
provided through which oil is caused to flow into the
various bearings. As a rule, in the simple type of
bearing arrangement, those which employ oil-soaked
felt washers, the manufacturer of the motor at the
time of production impregnates these washers suffi-
ciently so that they can be used satisfactorily for
long periods of time without any further oiling. If,
however, oiling is necessary, a very thin motor oil
such as SAE 10 or lower should be used. Some manu-
facturers specify that these oil-soaked felt washers
provide proper lubricating for about one thousand
hours of operation. When oiling is necessary, it does
not take more than a few drops of the type of oil men-
tioned.

It is, of course, necessary to realize that those mo-
tors which employ such impregnated felt washers,
must be dismounted from the motor board and taken
apart in order to soak the washers. Motors of this
type do not have lubricating holes. In the case of
those motors which have lubricating holes, it is not
necessary to remove the motor from the mounting
board for lubrication. At times, however, it may be
necessary to seek out the proper lubricating holes.
In some cases these holes may be sealed with a screw
plug and it is necessary to remove this plug in order
to insert the oil.

As to conditions responsible for the motor running
hot, the following should be known: If the bearings
are too tight, yet not Eight enough to freeze the shaft,
the temperature at that point will increase and this in-
creased heat will naturally be radiated throughout the
unit and thus cause a rise in temperature. Short-
circuited coils in either the stator or the rotor will
cause the motor to run hot. While it is possible to
approximate the location of the shorted coil by virtue
of the fact that it will be hotter than other coils, we
do not recommend, as stated before, that such coils
be removed and rewound by the radio repairman.
Another condition which contributes, or may con-
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tribute, to the motor running hot, is when the rotor
is rubbing against the stator pole. Such a condition
can be created by incorrect alignment of the rotor
or side plate. As a rule, such a condition is accom-
panied by noise, that is due to the actual physical
contact between the rotor and the stator pole.

Mechanical Noise

Mechanical noise is a major problem. As you can
probably appreciate a new motor should run very
quietly, but there are, of course, conditions asso-
ciated with the motor, yet which are not all directly
in the motor, which will contribute to the creation of
noise. Consequently, in order to isolate the origin of
such mechanical noise, it may be necessary to proceed
in various ways, depending entirely upon not only the
construction of the motor, but also upon the construc-
tion of the various drive mechanisms whereby the ro-
tation of the motor is conveyed to the turntable. Very
often a bad case of motor noise may appear to exist,
whereas actually it is not as bad as it sounds. The
fact that it is very loud is due primarily to the
manner of mounting the motor to the mounting
board. If the motor is rigidly fastened to the mount-
ing board, any vibration in the motor will be con-
veyed to the mounting board which by itself will act
as a sounding board and in that way amplify the
motor noise. Proper mounting will in most cases
remedy this situation: the absence of direct contact
between the motor mounting support and the mount-
ing board. An example of proper mounting is given
in Fig. 28.

Then again, noise may seem to originate in the
motor yet it actually originates in the reducing-gear
mechanism if such is used; hence, if the driving ar-
rangement involves a number of elements between the
motor and the turntable, it is necessary, in order to
establish the point of origin of the noise, to separate
these various devices. In this instance, as well as that
previously mentioned, it is imperative to check the
noise without the use of the mounting board. This
means that the motor and the gear assembly must
be removed from the mounting board. If the noise
which originates in the motor is not excessive and is
amplified when the motor assembly is mounted upon
the board, then it becomes necessary to check the
means of mounting. Often times mountings as shown
become rigid instead of remaining loose as ‘they
should be.

If particles of dirt or other foreign matter find
their way into the spaces between the rotor and the
field magnet poles, the result will be intermittent
noise. To eliminate such noise it is necessary to take
the motor apart. Previous handling of the rotor may
have created a nick or burrs that are high enough to
make contact with the stator pole pieces. If such is
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found, this can be removed by means of sandpaper or
emery cloth. In the case of the induction type rotor,
which usually is a solid piece, an emery cloth can be
used. You will recall that this type of abrasive is not
satisfactory for use upon commutators or upon com-
mutator type armatures.

Mechanical noise in the form of vibration may be
due to a number of different conditions. One of them
is loose bearings; another.is too much end play, and
a third is a rotor which is not running true in its bear-
ings. Improper centering of the rotor or armature in
the flux gap will result in a non-uniform torque being
applied to the motor. This is very important when
reduction gear devices are used with the motor for it
results in the non-uniform turning motion of these
reduction gears and invariably causes a chatter.

MOTOR

R
SUPPORT LT

8BER
SLEEVE

FIG. 28. In order to-keep the vibrations of the rotat-
ing motor away from the motorboard, rubber is used
between the motor support and the motorboard as in-
dicated.

Noise of various kinds such as buzzing will result
if any of the accessories employed in the motor are
not tight in their mountings or supports. This ap-
plies to the laminations as well as to all other parts.
If the laminations are not tight, they will tend to
move under the varying magnetic stress of the ap-
plied current and resultant fields. In some cases such
buzzing sounds would seem to originate from the
laminations and may indicate that the polarity of
one of the field windings is wrong. As you can readily
understand, this seldom is the case in a new motor
but is a possibility in one which has recently been
repaired.

General Considerations

As a rule, the permissible rise in temperature of a
motor is between 60 to 100 degrees above the tem-
perature of the surrounding air. As stated before,
permissible tolerances in applied line voltage are plus
and minus 10% and about 5% plus or minus in fre-
quency. When measuring operating voltages, they
should be determined with the motor functioning un-



der full load. Here again a 10% variation is permis-
sible.

Anyone who is interested in more specific standards
covering fractional horsepower motors, we refer them
to the National Electrical Manufacturers Association
which has published a bulletin identified as “Motor
& Generator Standards.”

If it becomes necessary to clean those parts of the
motor where the lubricant has become gummy, the
best method to pursue is to take the motor apart and
to clean those parts with kerosene.

As a matter of fact, such periodic cleaning of the
motor is advisable after perhaps 500 hours of opera-
tion. Of course, if the performance of the device in-
dicates that such cleaning is necessary, it should be
done irrespective of how many hours the motor has
been in use. Although, we have referred specifically to
the motor, the comments also apply to the gears and
the bearing in the reduction gear housing, if one is
used with the moter.

As to the power consumption of motors of the type
being considered in this volume, the average among
those that are used on record changers is approxi-
mately 22 watts and the minimum to maximum
range is from about 11 to approximately 40 watts.
As to the normal speed of motors which are clas-
sified as synchronous and already adjusted by
means of the drive arrangement to rotate the turn-
table at approximately 78 rpm, the normal range of
such rotation is from about 77 to 81 rpm. With re-
spect to the speed of induction motors, and for that
matter some which are identified as capacitor-syn-
chronous motors, the range is from about 1240 to
approximately 3600 rpm. As to the motors which are
used in recorders, their power consumption ranges
from about 60 to about 85 or 90 watts under normal
operating conditions.

OUTWARD M-

DIRECTION
OF WEIGHTS

DIRECTION OF
FRICTION DISC G

FIG. 29. When the motor exceeds a certain speed, the
governor balls E are forced outwards and so pull the
friction disc G up against the pads H, which have a
braking effect that persists until the motor speed is
back to normal.
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SPEED REGULATOR DEVICES AND SPEED
REDUCTION DRIVES

INasMUCH as certain types of electrical motors vary
in accordance with the line voltage, and since prac-
tically all motors revolve at speeds which are far in
excess of that of the turntable, it is necessary to use
certain devices whereby the speed of the motor is
maintained constant irrespective of line voltage varia-
tions and whereby the speed of the motor is reduced
to that required for the rotating turntable. To main-
tain constant speed recourse is had to what is known
as a “governor.” In order to reduce the speed of the
motor to that required for the turntable, various ar-
rangements of gear mechanisms called speed reduc-
tion drives, are employed. Both of these are dis-
cussed in this chapter.

The most widely used device for automatic speed
regulation is based upon the well-known “fly ball”
governor originally used on steam engines. On motors
of various types and manufacture, differing designs
or physical arrangements of governors may be found;
but all are based upon the same fundamental prin-
ciple. A simple explanation of this basic principle is
the following:

The basis of operation is the use of physical force
to shift the placement of the two balls which com-
prise the essential part of the governor. These balls
are attached to two flexible springs, which in turn
are mounted upon a fixed rotating collar and a slid-
ing collar. Attached to the sliding collar, is a friction
disc. This friction disc is caused to move up against
two “braking” pads which tend to slow down the
rotation of the shaft to which is attached the fixed
collar carrying the governor ball springs. Just what
we have in mind is illustrated in Fig. 29.

Referring to this illustration, A is the motor or
gear housing and B is the motor or gear shaft. At-
tached to this shaft is the permanently fastened col-
lar C. Being attached by means of set screws to the
rotating shaft, it naturally turns with this shaft.
Mounted upon this shaft but at the other end, is
another sliding collar F to which is attached the fric-
tion disc G. As you can see, the two governor weights
are fastened to two springs D, each of which termi-
nates at one end in the fixed collar C and at the other
end upon the sliding collar F. Also attached to the
assembly is a stationary frame I bearing two brak-
ing pads, indicated as H in the illustration. The di-
rection of the friction disc is towards the braking
pads as the movement of the governor weight pulls
the sliding collar in towards the stationary collar.

As the motor speeds up, physical force causes the
weights to fly outward and revolve in ever increasing
circles, being restrained only by the relative stiffness
of the springs D, which, as they distort their shape in
an outward curve, cause the sliding collar F to slide



longitudinally along the shaft B. Thus, the revolving
friction disc G comes in contact with the oil-saturated
felt friction pads H, which are rigidly mounted on a
stiff annular ring or prong bars. The pressure of the
friction disc G against the pads H gives a braking
action, which serves automatically to restrict the
motor speed within certain narrow limits required to
give proper turntable speed.

T .

WORM GEAR
4

a ‘.‘.ﬁ

FIG. 30. A worm gear has been cut in the shaft of
the rotor of this commercial motor. This worm drives
the turntable through a gear on the turntable shaft.
See C and D of Fig. 35.

The relative position of the structure supporting
the friction pads H is longitudinally adjustable by
means of a screw and sliding rod, cam and lever, or
linkage of some kind; either by an adjusting screw
or short lever reaching through the housing, or by a
manually-operated speed-regulator lever protruding
towards an outer edge or corner of the motorboard
beyond the turntable. (These are not indicated in
Fig. 29.) The latter usually has associated with it
a graduated scale or “fast/slow” markings, either
mounted on the motorboard or stamped in the metal.
The speed-regulator lever is sometimes arranged so
that it can be readjusted, relative to a different defi-
nite position for friction pads H so that it can indi-
cate normal turntable speed on the scale in the event
that the unit is moved to a location of differing
average voltage (100/110, 120/123, etc.), or current
(a-c, d-c) where a universal motor is used.

Some record changers using universal motors, are
provided with rheostats, the scale being graduated
for the various voltages, currents, and frequencies.
This gives a coarse speed adjustment over a wide
a-c or d-c voltage range, as well as for the several
a-c power-line frequencies; while the speed-regulator
lever gives the fine adjustment by re-setting the
governor limits. With this arrangement, a particular
record changer can be universally operated on many
different kinds of power-supply lines: 110/125 volts
and 200/250 volts d-c or a-c; 25, 40, 50, 60 cycles;
etc.

Some a-c motors are provided with “dual wind-
ings,” each stator pole having two coils whose leads
are brought out in individual groups to a terminal
block for multi-voltage operation. The coils are
series connected for 206/250-volt lines, for instance;
and connected in parallel for 110/125-volt supply.
Also, some universal motors are provided with a fixed
resistor and terminal block or switch for the same
purpose. The connections are arranged so that for
200/250-volt operation, the resistor is in series with
the motor; while it is “shorted” by a link on the
terminal block or by the switch for 100/125-volt sup-
ply. This same scheme is also used for switching
from a-c to d-c operation, the resistor serving to re-
duce the voltage applied to the motor terminals from
the d-c line.

Speed Reduction Drives

Since record-changer mechanisms generally derive
their operating power from the same motor that ro-
tates the turntable, it would be useful to review
briefly the various types of turntable speed-reduction
drives—sometimes called “transmissions”—before the
discussion of the actual mechanism-power “take-off”
methods themselves.

A widely-used type of drive is the worm and gear
variety as adapted from spring-wound motors; a
typical example being illustrated in the photograph
of Fig. 30. The worm gear on the motor shaft en-
gages a pinion gear on the turntable drive shaft, all
being enclosed on a gasket-sealed grease or oil-filled
metal housing, to which the motor is rigidly attached.
Both shafts are usually perpendicular to each other,
revolving in sleeve bearings arranged to be self-
lubricating from the oil or grease inside the housing.
The exposed end of the turntable-drive shaft is long
enough, in this case, to serve also as the record-
spindle and turntable mount. In another gear-drive
arrangement, illustrated in Fig. 31, an “open” type of
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FIG. 31. At the left is the motor proper on the shaft
of which is a worm which drives the turntable. The
speed is controlled by the governor at the right.

23



frame is used to house the motor and governor (if
provided), as well as drive-gears, shafts, and bear-
ings, oil and grease being applied periodically to
bearings and gears directly.

On some kinds of record changers, the record-
spindle is stationary; since it may be arranged to
have a particular function in changing records. On
these, the turntable-drive shaft in the reduction-gear
housing may be in the form of a long sleeve (upon
which the pinion gear is mounted) and which re-
volves on a “stud” bearing in the lower part of the
frame. The upper part, protruding above the frame,
serves as the turntable mount, being fitted with a
pin or “nub” to engage a slot in the turntable hub.
The record spindle is either an elongation of the stud
bearing (being integral with it), or separately in-
serted through the turntable and drive-shaft (sleeve)
—resting down upon the stud, and prevented from
turning by “stepped” shoulders cut in the correspond-
ing ends of each.

The motor and gear housing (including the gover-
nor, when so provided) are supported as a unit un-
der the motorboard by mounting “lugs” or brackets—
either separately attached to the gear-housing or
motor frame, or being cast as an integral part. This
is attached directly to the motorboard, or to a sub-
panel further down beneath the record-changer
mechanism. The mounting is usually arranged to be
somewhat flexible, to prevent transmission of motor
vibration to the motorboard and turntable, by means
of rubber “grommets” or “washers.”

Flexible couplings are sometimes used for the same
purpose. The pinion gear is then mounted on a short
shaft, the end protruding through the gear housing,
in turn driving the turntable by means of this flex-
ible coupling. This is illustrated in Fig. 32, while the
details of a typical flexible coupling are shown in Fig.
33, It will be noted here, that the turntable is sup-
ported by a thrust bearing mounted on the motor-
board. Where no coupling is used, this thrust bearing
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FIG. 32. In this system of turntable drive, the motor
is hung off the motorboard with rubber washers in-
serted to take up vibrations. A flexible coupling
further reduces the possibility of introducing vibra-

tions to the mechanism. 8ee Fig. 33.

is usually omitted; the gear housing or sub-panel
being arranged to thrust support the turntable di-
rectly, either through the spindle shaft or a “hub”
sleeve or “collar.”

As some record-changers are designed to handle
3314 rpm records as well as the more conventional
78 rpm type, two-speed drives of various kinds are in
use. One of these, arranged to form the complete
turntable-hub assembly, is based upon the ‘‘plane-
tary” principle, in which driving members rotate
within each other. Change of speed is obtained by
holding one member, which revolves at one speed,
from turning during the second speed by means of a
latch controlled by the speed-change lever. This is
illustrated in Fig. 34.

FI1G. 33. Detalils
of the flexible
coupling shown in
the assembly of
Fig. 32. The mo-
tor drive arm C
is connected to the
rubber strips D.
The rubber strips
E arc held to D by
the frame ¥. The
turntable drive
arm G is support-
cd by E, which
provides the flexi-
bility.

The turntable shaft or spindle A, driven from the
motor reduction gearing and thrust supported by its
housing, revolves continuously at 78 rpm; regardless
of the turntable speed. A pin B, extending through
this shaft, engages a slot in the hardened-steel lower
cup-shaped hub C of the turntable to provide a posi-
tive drive for that member. The upper hub, integral
with the turntable, fits over the spindle and is thrust
supported in the depression of lower hub C so that
the turntable can revolve independent of record-
spindle A.

The upper part D of the outer surface of C is ac-
curately shaped and ground to a definite size and
forms the inner ‘“race” for the three equally-spaced
hardened-steel balls E. These are held tightly be-
tween this imner race and a hardened-steel ring F,
the inner surface of which being accurately shaped
and ground to form the outer ball race. This ring F is
split at points G for assembling convenience, being
clamped tight by a nut and bolt through the lugs of
a clamping ring around it. A three-hole steel ball-
locating ring H, which is integral with the turntable,
forms the spacing member for the three balls.

The outer ring F is free to rotate independently
of the turntable and spindle A. Its rotation is con-
trolled by a latch I, pivoted on the lugs which are
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an integral part of the clamping ring. A spiral spring
J normally holds one end of latch I against 2 notched
disc K firmly fastened to the turntable. When latch I
is in its normal position, it engages one of the notches
in' disc K, locking F to the turntable, which is equiva-
lent to locking the ball races of F and C together
through the balls, since the ball-locating ring H is
integral with the turntable. Thus, outer ring F will
revolve with lower hub C and the 78-rpm rotation
of the turntable shaft A is imparted to the turntable.

The sliding speed-change lever L, mounted on the
main panel or motorboard, is arranged so that its
notched inner end will engage and hold the lower
end of the turntable latch T when the lever is pushed
inwards towards its 33%-rpm position. Thus, when
pushing in on lever L to change turntable speed, latch
I turns slightly around its mounting on outer ring F
so that the upper end of I becomes disengaged from
the notches in disc K, and F stops rotating, since latch
I is an integral part of F. As the lower hub C is still
revolving at 78 rpm, friction against the balls E causes
them to turn and travel slowly along the ball race of
the stationary outer ring F, carrying locating-ring H
along with them and causing the turntable to revolve
at the slower speed. The required 33%-rpm speed

is obtained through the proper relationship between
the circumferences of the steel balls E and the
formed ball race D on the lower hub C.

It will be noted that spring-actuated turntable-
latch I engages the V-shaped notches on disc K only
when the sliding speed-change lever L is in its “out”
or 78-rpm position. Latch I can lock into any of these
notches to give positive 78-rpm turntable speed, after
the turntable has gained sufficient momentum, the
shape and proportions of the notches being designed
to allow latch I to “ratchet” around disc K, passing
over several notches when starting or changing speed,
until full speed is reached.

Hlustrated in Fig. 35 is another type of two-speed
drive, which operates upon the same principle as
the speed-change transmission on automobiles. Gear
worm C, mounted on the motor shaft B, engages
worm pinion-gear D, causing countershaft E to re-
volve continuously. Gears F and G, fastened to E,
are engaged by gears H; and H, respectively; ac-
cording to which speed is desired, being arranged so
that when H, engages F, H, is disengaged from G and
vice versa. H; and H; are integral with the grooved
hub Hj; and are key mounted to the turntable drive
shaft J, being arranged to slide along an extended key-
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FIG. 34. A two-speed turntable drive that is based upon the planetary principle.
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When the latch I is

in a notch of K, the turntable rotates at 78 rpm; when I is disengaged the turntable rotates at 33Y5 rpm.
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way I between limit collars K; and K,. Shaft J is
thrust supported at L; or L,.

When the speed-shift lever (not shown in illustra-
tion) is moved to change the turntable speed, it turns
speed-change spindle O, connected to it directly, or
through a quadrant-sector gear and pinion or other
coupling linkage to magnify the lever “throw.” The
space on the motorboard is limited; and when the
lever moves in a small arc from one speed position
to the other, spindle O will revolve through one-
quarter, one-half turn or more due to the “magnify-
ing” ratio of the coupling linkage.

Illustration I of Fig. 35 shows the lower gears F
and H, in mesh for the first speed position. When
spindle O turns to shift the gears for the second
speed, step cam N, also turns, since it is rigidly at-
tached to O. The step on N, thrusts upward against
the symmetrically-stepped lift N, opposing the
downward force of spring P, causing N to slide up-
wardly along spindle O. As shifting-fork M is in-
tegral with N, it also moves upward, causing gear
unit H,—H,—Hj to slide upwards along the key-
way on shaft J, since the prongs on M are in engage-
ment with hub Hj through its grove. Thus, gear H,
engages gear G while gear H; has become disengaged
from gear F and the turntable revolves at the second
speed. Spring P serves to keep N always in contact
with N; and to force N; downwards when changing
back to the first speed, thus automatically shifting
the gears back to the first speed when the lever is so
moved.

Some other types of fwo-speed drive based upon
the planetary principle, previously discussed, have

I
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the unit arranged on or inside the motor or gear-
reduction housing, differing in physical appearance
and design, using discs or toothed wheels, as well as
hardened-steel balls, but all operating along similar
lines.

Some of the friction-type drives discussed in the
following paragraphs are arranged for two speeds.
The principle is illustrated in Fig. 36, in which the
motor shaft carries a small rubber-tired drive wheel
A. This drives the turntable through either of the two
intermediate rubber-tired friction wheels B or C, ac-
cording to the speed desired.

The relative ratios of the circumference (or di-
ameter) of wheel A to that of either B or C, and in
turn to that of the turntable, give the desired speed
reduction. The difference in diameters of C and B,
of course, depends upon the difference between the
two speeds. Wheels B and C are mounted upon a
frame D, which pivots around a bearing on the mo-
torboard, and through which the motor shaft may
protrude. A speed-change lever (not shown) shifts D
through a linkage and “holding” ratchet or latch,
moving either B or C into the proper position for the
particular speed required. Depending upon the par-
ticular arrangement, B and C may revolve continu-
ously, being always in contact with A, or only when
either is individually shifted into respective “speed”
position, being brought into contact with wheel A
and the turntable at the same time.

Single-speed friction-type drives are arranged to
drive the turntable in various ways: either through
friction against the underside rim directly or by a
separate drive-disc mounted integral with the turn-
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FIG. 35. A type of two-speed drive which functions on the principle used in the transmission of automo-
biles. In the first-speed position, where gear F is driving H1, the turntable shaft J rotates at 78 rpm. In
the other position, where G is engaging H2, J rotates at 33)5 rpm. See text for other details.
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table or the spindle. In the former, a rubber-tired
drive wheel mounted on the motor shaft, protruding
up above the motorboard underneath the turntable,
bears directly against the underside rim of the turn-
table or against an intermediate drive-wheel that in
turn rotates the turntable (similar to the two-speed
drive just desc;ibed). As shown in Fig. 37, the in-
termediate drive-wheel B revolves on a stud bearing
on the motorboard, A being the motor-shaft drive-
wheel.

In some cases and especially when a comparatively
high-speed motor is used, the motor shaft bears di-
rectly against the intermediate drivewheel, the motor-
shaft drive-wheel A not being used. This, of course,
gives a greater speed reduction for the same size in-
termediate. This scheme is used also on the other
kind of friction-drive just mentioned, in which the
separate drive-disc is mounted integral with the turn-
table or spindle.

Fig. 38 shows one form in which a rubber-tired
drive-disc is bolted or riveted to the underside of the
turntable. An auxiliary rubber-tired idler wheel is
frequently used on this type of drive to improve the
frictional contact of the motor shaft against the drive-
disc rubber tire. It also relieves the motor bearings of
radial stress, the motor usually being mounted in a
flexible manner in addition, so that the motor will tend
to be “self-aligning.” The idler wheel is mounted on a
lever, center pivoted to the motorboard, and held
against the motor shaft by means of a tensioned coil
spring at the other end of the lever.

FIG. 36. The small
rubber-tired wheel
A is on the motor
shafts and drives
both B and C at
the same time.
Either one of
these engages and
so drives the turn-
table at the speeds
indicated.

)

MOTORBOARD

Record-Changer Mechanism Drives

Although greater torque is needed to drive the
record-changer mechanism when operating through its
various phases of the record-changing cycle than that
needed to drive the turntable only (with its record
load) during reproduction of the recording, the speed
of operation can be comparatively slower. Therefore,
the same motor usually serves for both purposes on

most record changers, the mechanism being driven
through speed-reduction devices of various types.
The most commonly used form employs a pinion
gear that is firmly attached to the turntable spindle
or drive shaft, underneath the motorboard; such as
that shown in Fig. 33. This pinion gear engages and

FIG. 37. The rub-
ber-tired wheel A
is on the motor
shaft and this
drives the rubber-
tired wheel B that
in turn makes con-
tact with the rim
under the turn-
table and so drives
it.
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drives a large gear, often referred to as the “main” or
“drive” gear. This gear has a very large diameter
(and many teeth) in contrast to the pinion gear, thus
giving a large speed-reduction ratio and sufficient
force to operate the record-changer mechanism. (On
some record-changers, this main gear is integral with
the cams which direct and control the motions of the
various levers and linkages.)

Another type of gear-drive employs a worm gear
on the turntable drive-shaft (or on the motor shaft)
instead of the pinion gear, which drives a large gear
to transmit motion to the record-changer mechanism
cams and linkages. Also, in one instance, a special
type of multi-groove cylindrical cam—similar in ap-
pearance to a large gear worm—is driven from a short
turntable shaft underneath the motorboard trans-
mitting motion to the mechanisms through a series
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of “cam-followers” and levers. In another type a
camshaft (carrying the mechanism operating cams) is
driven, through a ratchet wheel and pawl, by a worm
and gear reduction drive from the motor shaft. The
ratchet wheel is engaged by the pawl, when released
by the trip mechanism, to cause camshaft rotation.

According to the design of the particular types of
record-changers, the main gear or cams may revolve
continuously, as long as the turntable revolves, or
only during the record-changing “cycle.”” In the for-
mer case, cam-followers or other pertinent parts of
the mechanism, are caused to fall into engagement
through actuation of the “trip” devices after reach-
ing the end of record reproduction. In the latter,
several different schemes are used.

In one of these, called a “mutilated gear,” a short
section of the main-gear periphery is without teeth,
so that the main gear remains dis-engaged from the
continually-revolving turntable-shaft pinion during
record reproduction. In another scheme, the turn-
table-shaft pinion is clutch mounted to the turntable
shaft, so that it only rotates during the record-
changing cycle, the pinion and main gear always being
in mesh but not revolving during record reproduction.

Instead of gear drives, power take-off on some
record-changers is by friction drive from the under-
side turntable rim or through belts and pulleys from

the turntable spindle. In the former, a small rubber-
tired friction wheel is caused to contact the turntable,
through actuation of the “trip” devices at the conclu-
sion of record reproduction, and is held free by a
“latch” or other device at all other times. Speed re-
duction is obtained through a small size double worm-
and-gear drive, enclosed in an oil filled housing that
is arranged to rotate slightly (around the shaft of
the second ‘“driven” gear) to allow free movement
of the friction wheel.

In the other scheme mentioned, in which power
take-off is through belts and pulleys, the speed re-
duction and torque increase are gained through the
high ratio between pulley diameters. A small-
diameter pulley wheel, associated with the turntable
hub, is belt connected to a large-diameter pulley. The
shaft, upon which this large pulley is rigidly attached,
also carries another firmly mounted small-diameter
pulley, which in turn is belt connected to a fourth
large-diameter pulley. Thus a double speed reduc-
tion is obtained from the 78-rpm turntable speed to
give a very slow speed to the fourth pulley, which
drives the cams that direct and control the operation
of the record-changer mechanism levers and linkages.

Additional details on these are included in the chap-
ters on the operation and adjustments of the various
types of record-changer mechanisms.

Cook, A. L., Elements of Electrical Engineering

Croft, T., Practical Electricity

Hausmann, E., Swoope’s Lessons in Practical Electricity
Veinott, C. G., Fractional Horsepower Electric Motors
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Chapter 11

RECORDERS AND PHONOGRAPHS

PERHAPS it is carrying coal to Newcastle to discuss
the operating principles of recorders in a volume of
this type, but since it is possible that those men who
are interested in automatic record changers have not
used recorders, we feel that a brief discussion of the
highlights is worthwhile. It is also possible that the
serviceman who is called in to make adjustments on
an improperly operating recorder may be asked ques-
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FIG. 1. SBound waves are transformed into electrical
energy in the microphone; these are amplified and are
transformed into mechanical energy in the cutting head.
The cutting stylus is actuated and cuts the equivalent
of the sound waves in the record groove.

tions by the owner and what we say in these pages may
be of some aid.

In the fewest words, the function of a recorder is
to translate sound into a semi-permanent record upon
a phonograph disc. This is done by first converting
audible sound impulses into electrical impulses in the
microphone, amplifying these electrical impulses to

the proper level, and then converting them into the
mechanical movement of a cutting stylus, whereby a
spiral groove, governed in shape by the amplitude and
frequency of the electrical impulses, is inscribed upon
a record. Thus a number of energy conversions take
place: from sound to electrical in the microphone;
from electrical to mechanical in the recording head,
and from one kind of mechanical motion into another
in the recording head and cutting stylus. This se-
quence of events is shown in diagrammatic form in
rig. 1.

As to the general structure of the complete recorder
mechanism, the electrical system is shown in Fig. 1.
The mechanical arrangement embraces the means of
rotating the record blank upon which the grooves are
cut and the means whereby the cutting head is caused
to travel across the record. The first of these is accom-
plished by means of a motor-governor arrangement
whereby the turntable upon which the record blank
rests is caused to rotate at a definite speed. Modern
practice has adopted two speeds for recording as well
as reproduction; one of these is 78.26 rpm, usually re-
ferred to as 78 rpm, and the other is 3314 rpm. Prac-
tically all home recorders are of the 78-rpm variety,
whereas commercial recorders are arranged to function
at either one of the two speeds mentioned. It is true,
however, that a few home-recorder units are equipped
with both speeds.

Inasmuch as the turntable speed of reproducing
devices is definitely fixed, it is necessary that the speed
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of rotation of the recorder turntable be constant at
either of the two values mentioned, if proper reproduc:
tion of the recording be obtained. Of course the re-
verse is also true, that is, since the recording is done
at a certain speed of rotation, it is imperative that the
reproduction be carried out at the same speed. To
maintain this speed, is the function of the governor in
those motor-drive arrangements which are not fixed
in speed by the very design of the motor.

In addition to rotating the blank, an arrangement
is provided in recorders whereby the cutter is caused
to move across the record, thereby cutting the spiral
groove of gradually diminishing radius. These cutter-
feed arrangements are of three types, representing
efficiency and cost. The most elaborate, used in the
more expensive systems, is what is known as the
“overhead carriage” and is represented in Fig. 2. The
path of the stylus is straight across the record and is
shown in Fig. 3. A less expensive system is shown in
Fig. 4 and can best be identified as the “swinging
arm” type.

Bearing in mind that choice of these types is asso-
ciated with cost, the first is by far the closest approach
to the ideal, followed in turn by that shown in Fig.
3, and then by that shown in Fig. 4. Actually the
last is perfectly satisfactory for everyday use, as
evidenced by the fact that it is employed in virtually
all inexpensive recorders, whereas the first is the kind
used in the more elaborate systems. There are various
modifications of these two systems, but these special
details need not be discussed here, because they are
shown upon the various manufacturers’ pages later in
this volume.

With respect to comment concerning efficiency of
the type of cross feed used to move the cutting head,
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there are certain reasons why a straight-across mo-
tion is preferable to movement in the form of an
arc. . . . When a recording is made, the cutting
needle, about which you’ll hear more later, goes
through two motions. One of these is the downward
motion due to the weight of the cutting head and the
other is a side-to-side motion due to the movement of
the armature within the cutting head. In order that
best recording be accomplished, there exists a require-
ment which stipulates what the angle between the cut-
ting needle and the record blank should be, as well as
the position of the cutting stylus face with respect to
the record blank. This last requirement is that the
face of the cutting tool be directly in line with the
radius of the record at the point of cutting. This is
shown in Fig. 5. To maintain this position at all times,
it is necessary that the cutting head move straight
across the record, as shown in Figs. 2 and 3.

When the cutting head swings in an arc, as in Fig.
4, the required condition as stated is obtained onlv at
one point. At all others the face of the cutting tool
makes an angle with the radius of the disc. By length-
ening the arm which supports the cutting tool, the arc
made by the cutting head as it travels across the
record, is kept as flat as possible. This is the condition
in the recorders which employ this type of feed ar-
rangement.

As to the actual feed arrangement, a worm screw
geared to the motor and also to the cutting arm or
head moves the cutting head across the record at a
certain speed, thus determining the pitch of the spiral
groove cut into the record. While the average num-
ber of grooves per inch is between 92 and 100, some
recorders, as stated in the manufacturers’ bulletins,
cut as many as 120 lines per inch. The number of lines
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FIGS. 3, left, 4. The dotted lines show the paths followed during recording; that of Fig. 3 is the straight-
across method, using the mechanism of Fig. 2, and that of Fig. 3 is the swinging-arm method, which is more
commonly used.
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or grooves per inch cut into the record blank during
recording does not in any way limit the use of such a
record upon a record-changer turntable, for if the
original recording is of sufficient depth, the pick-up
needle will continue tracking. (By “tracking” is meant

FIG. 5. Front and
side views of a cut-
ting needle. The
cutting face should
be in the same linc
85 the radins of
the record.

CUTTING

FACE _HIBEE

FRONT SIDE

that the needle will remain in the groove.) The depth
of the cut, the significance of which is discussed later,
has a great bearing upon such tracking, as well as
upon a number of other conditions which contribute
to satisfactory use of the recording.

Direction of Groove

Record grooves may be cut in one of two directions:
from the outside of the record towards the center,
which is known as “outside-in” and is typified by the
commercial recordings which are sold to the public for
use on phonographs, automatic-record changers, and
the like; and the “inside-out” type of recording which
is used for special records such as are employed in
some talking-motion picture installations, broadcast-
ing, and the like. In these latter records, the recording
starts on the inside of the blank, near the center, and
progresses outwards.

As a rule, most of the inexpensive recorders employ
the outside-in arrangement for. all recording at 78 rpm
and the inside-out arrangement for all recording at
33% rpm. This, however, is not a rigid rule, in that
outside-in cutting can be done at 3314 just as readily
as at 78 rpm. Just which is used is, of course, a mat-
ter of design determined by the manufacturer and is
stated in the service notes. As you can appreciate, a
change from outside-in to inside-out cutting requires
the reversal of the motor and the feed screw; or if the
direction of rotation of the motor is held constant, a
reversing gear arrangement is required in order that

FINISH

START & FINISH
OF RECORDINGS

FIG. 6. In the left illustration is the “outside-in” type
of recording and on the right is the “inside-out” type.
In each case thc turntable has a clockwise rotation.

the feed screw cause the cutting head to move in the
proper direction. As to the records used on automatic
record changers, only one type can be used, namely
those recorded by the outside-in method.

The Record Blanks

Concerning the blanks used on recorders, several
types are available, although two are the most popu-
lar, with one of these in greatest demand. The most
popular type of record blank is that known as the
“acetate” blank, which consists of a metal base upon
which is baked a special type of lacquer coating or
surface. This is the recording surface. This material
is soft enough to be cut with a cutting stylus, yet is
hard enough to withstand the wear of repeated play-
backs without undue rapid changes in the character of
the grooves cut during the original recording. Of course,
every playing of the record wears away some portion

.of the groove, but when properly handled, the record

will be useable several hundred times, provided that
the original recording was satisfactory.

The other type of home-recording blank is the solid
metal disc, invdriably of aluminum. This type is not
as good as the coated disc, but neither is it as expen-

FIG. 7. When the
stylus comes to a
high spot it digs
into the blank, in-
dicated by the
white spots along
one edge of the
angrooved por-
tion, which is the
part gkipped over.
The white spots
on the opposite
side indicate
where the stylus
digs into the rec-
ord when it lands.

sive. Varjous types of pressed paper recording blanks
are also available, but of the types mentioned, this is
the least popular for recordings that are to be kept
for quite some time and repeatedly played back. When
it is necessary to make a copy of a home recording,
recourse is had to what is known as ‘“dubbing,”
wherein the record is played back upon one device
and the signal developed in the phono pickup, is ampli-
fied and fed to the cutter of another recorder.
Concerning discs suitable for home recording, it may
be helpful if we mentioned its requirements, although
it is true that some of them are not visible to the
naked eye. Starting with the coated disc, it is essen-
tial that the disc be perfectly flat. Any attempt to
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record upon a disc which is not flat, will result in a
ruined recording. In fact, the record is useless if it
has even a small high spot or low spot, unless the
position of this spot is such that sufficient useful re-
cording area is available ahead of the spot or beyond
the spot, depending upon the direction of the record-
ing, so that what is to be recorded can be inscribed
upon the record before the bad spot is reached. Re-
cording with a high spot results in a record something
like that shown in Fig. 7. One portion of the record,
that which follows immediately after the high spot,
will not be cut because the cutter will “bounce” off the
record after it passes over the high spot.

To attempt to straighten a slightly bent record is
useless because it cannot be done without impairing
the surface and even if that is not a consequence, it
is too difficult to do a job like that unless proper
equipment is available. Such work should be left to
the manufacturer of the disc. To try to cut such a
record blank with a valuable recording, something
which can be duplicated only with difficulty, is indeed
poor economy.

A material which is suitable for proper cutting must,
as we stated, be hard enough to maintain its condition
after numerous playbacks, yet it must be of such ma-
terial that will cut smoothly and will not tear as the
cutter plows through it. If the material tears—that
is, leaves rough edges—it will be productive of much
noise. Incidentally, as you will learn later, this is
also a function of the cutting tool or stylus, but since
the record material itself is capable of contributing a
great deal to surface noise, this condition is mentioned.

Proper recording requires that a smooth surface be
available. This means that the coating upon the disc
must be smooth and of the same thickness throughout
as well as be free from air holes. Inasmuch as it is
impossible to check for the presence of air holes other
than by visual examination for air bubbles, much de-
pendence must be placed upon the manufacturer of
the blank. However, a cursory examination of the
blank is possible. The entire surface must feel smooth
to the touch.

It is also of significance to mention that while vir-
tually all types of surfaces will take a “cut,” the proper
kind not only possesses proper frequency character-
istics, by which is meant that the material cuts
smoothly and easily for very rapid vibrations of the
cutting tool, but that the ingredients do not act as
harsh abrasive substances which wear away the cut-
ting tool rapidly. It is for these reasons, as well as
noise conditions, that the coated record blank is su-
perior to either the pressed paper or the aluminum
disc. It is also imperative—and this is another one of
those conditions where the user must have faith in the
advertiser—that the coating upon the blank, be of even
consistency throughout its depth, as well as be of
sufficient depth. Since the average proper depth of
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cut is about .0025 to .003 inch, there must be ample
material left beneath the bottom of the groove.

On the whole such a coated record is not volatile,
but the shavings, that is, the material cut out when
the recording is made, is highly volatile and should
be kept away from open flames.

Recording blanks are available in various sizes from
6 inches to 16 inches. However, only the 6-, 8-, 10-
and 12-inch types are usually used for 78 rpm re-
cording, whereas blanks used for 3314 rpm recording
are the 10-, 12- and 16-inch variety.

Because of the limitations, to be explained later,
of the spiral radius nearest the center of the disc, the
recording times of the 78-rpm discs are approximately
as follows:

6 inch about 1 minute, usually less
8 “ about 2 minutes

10 “  about 3 to 3)4 minutes

12 “  about 5§ minutes

In the case of the 3314-rpm records, the recording
times are:

10 inch about 3% minutes
12 “  about 7}4 to 7% minutes
16 about 14 to 15 minutes

The Cutting Head

We have already mentioned that the cutting head
is the device whereby the electrical equivalent of the
sound fed into the microphone is converted into me-
chanical energy. In order that this transformation of
energy, from electrical to mechanical, be accomplished
without altering the characteristics of the sound, cer-
tain requirements must be fulfilled. To show just
what these are, it may be best to discuss the manner
in which cutting heads function while they are per-
forming this transformation of energy from one kind
to another. What we shall discuss, however, relates
strictly to the cutting head and for the present does
not include the needle, although it is true that the cut-
ting needle or cutting stylus is really an extention of
the cutting head armature. Just what we mean by this
will be clarified later.

One of the requirements of proper recording is the
presence of the full range of frequencies which com-
prise the original sound as well as the correct ampli-
tude relationship between these frequencies. While it
is true that the amplifier system between the cutting
head and the microphone, as well as the microphone
itself, are parts of the system and can introduce their
own effects, very much of the success attained in the
inscription of the proper frequencies upon the record
blank depends upon the operating characteristics of
the cutting head. Thus the frequency response range
of the cutter is important.



Just what this frequency range should be, is hard
to state and there is a difference of opinion among
recording engineers, for there are ways of compensat-
ing or equalizing the frequency characteristics of the
cutter by suitable accentuating and attenuating net-
works in the amplifier. However, the majority of cut-
ters in use have a frequency response up to about 6000
cycles, with higher cut-off limits in the better types
of units. At the low end, response goes down to about
60 cycles, but here again, it is a matter of cost. Of
course the ideal cutter from the theoretical viewpoint
would be one which was capable of handling the full
range of frequencies from say 30 cycles to 10,000
cycles, but such a frequency range is seldom if ever
found in home recording systems, because the general
design of the electrical system, as well as the record-
ing blank. By limiting the frequency range of the
cutter used with the usual home recording outfit to
about 6000 or perhaps 7000 cycles, greater freedom
from amplification of surface and needle noises is ob-
tained, and the cost of the devices is kept reasonable.
The range of frequencies handled by commercial re-
cording systems is greater than that found in home
recording units, being as high as 9000 to 10,000 cycles
on the high end and as low as from 30 to 40 cycles
on the low end. In the case of home-recording units,
the low-frequency limit is between 60 and 100 cycles,
being much closer to the higher figure than to the
lower.

While it is a fairly simple matter to obtain flat
overall frequency-response characteristics in audio
amplifiers, the same condition does not hold true in
the case of a recording cutting head. Yet certain defi-
nite requirements are sought in commercial recording,
hence special provisions are made in the amplying
system which precedes the cutting head in the form of
accentuating and attenuating networks, to correct for
the response of the cutter. Inasmuch as the frequency-
response characteristics of home recording units are
not identified other than with the low and high fre-
quency limits, particularly as it relates to the cutter,
the average unit must be accepted as is. In thé case
of commercial units, the manufacturer supplies the re-
quired data, even to the extent of stating the setting

of the various amplifier controls, as for example in
the Fairchild units shown in this volume

As to kinds of cutters, two are in general use. One
is known as the magnetic cutter and the other is known
as the crystal cutter. As to principle of operation, they
differ greatly, but as to application, they are very
similar. In Fig. 8 is shown an illustration of a mag-
netic cutter assembly. Essentially, this is a movable
armature surrounded by a coil of wire, with the entire
assembly located between the pole pieces of a perma-
nent magnet. As you can see, the armature is pivoted
at one end, the lower end, and the upper end is free

to move from side to side under the influence of the
electric current which is caused to flow through the
armature winding. The electrical impulses which
actuate the cutter are secured from the amplifier con-
nected between the recorder input system, which in
most instances is a microphone, and the cutting head.

When an alternating voltage is applied across the
terminals of the armature coil, current flows through
the winding and a magnetic field is created around the
coil. At the same time the armature also is magnet-
ized. Thus we have present in the unit a magnetic
field due to the permanent magnet as well as one due
to the alternating current. These two fields react upon
each other and apply a force to the movable armature.
As a result of the manner of pivoting the armature,
the only possible motion of this lever is from side to
side. Any extention to this armature, as for example
the cutting stylus which is inserted into the lower end
of the armature, would therefore also move from side
to side, but in a direction opposite to that of the up-
per end of the armature.

When current flows in one direction through the
winding, the coil is magnetized so that the upper end
of the armature is North. Hence this end will be re-
pelled by the N pole of the permanent magnet and
will be attracted to the S pole of the permanent mag-
net. Hence the upper end of the armature swings to
the right, whereas the lower end swings to the left.
Of course, you realize that since the lower end of the
armature is pivoted, it does not move to the same ex-
tent as the upper end.

FIG. 8. A mag-
netic cutter assem-
bly. This consists
of a pivoted arma-
ture in a coil
which can be en-
ergized by ampli-
fled signal from
& microphone. The
upper part of the
armature swings in
the field set up by
the permanent
magnet.
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If the lower end were free to move, just as the up-
per end, that is, if the pivoting was done at the center
of the armature, the upper end being N would swing to
the right and the lower end, being magnetized S,
would swing to the leit. When the current through
the coil reverses, the magnetic poles created around
the coil also change and the upper end of the arma-
ture becomes S and the lower end becomes N. The
result is that the upper end of the armature now
swings to the left, for the upper end of the armature
now is S and is attracted to the N pole of the magnet,
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thus causing whatever is connected to the lower end
of the armature to move to the right.

Thus the electrical energy present in the amplifier
is converted into mechanical energy in the form of
motion of the cutter-head armature and motion of
whatever is connected to the armature. The frequency
of motion of the armature is, as you can readily appre-
ciate, determined by the frequency of the current flow-
ing through the coil. The exact nature of movement
of the armature is also determined by the character-
istics of the current through the coil, that is, whether
it is a sine wave or a complex wave.

Taking this action as a whole, you now can under-
stand how, when a cutting stylus is attached to the
lower end of the armature and a record is passed be-
neath this moving stylus, a wavy line will be insctibed
upon the surface as shown in Fig. 9. This is an im-
portant point to remember for you will later have
reference to two motions on the part of the cutting
needle. It is this side-to-side motion of the armature
which results in the stylus cutting the modulating
groove into the record blank. This is called “lateral”
cutting.

In connection with this side-to-side motion of the
armature, it stands to reason that being a mechanical
element, there would be a tendency for the armature to
swing past whatever position is set by the amount of
attraction of the armature due to the current ampli-
tude. To prevent such action, damping elements are
used. These are located in various ways around the
top end of the armature, the exact design depending
upon the cost of the magnetic cutter; the more expen-
sive the device, the more elaborate this design, for it
does have a very material effect upon the general per-
formance of the unit, particularly in connection with
frequency responses.

In the simplest of devices, these damping elements
consist of two rubber pads located as shown in Fig. 8
by the cross-hatched lines and identified as DP. In the
more elaborate units, particularly in commercial re-
corders, oil damping is used. In this arrangement, the
upper end of the armature is extended into an oil
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FIG. 9. When sig-
nal currents flow
through the arma-
ture coil of a mag-
netic cutter, the
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the record blank.
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chamber. The extention of the upper end of the arma-
ture moves against the oil.

Figs. 8 and 9 show simple versions of a magnetic
cutter. The finished article is more complicated, as
you can appreciate, but the basis of operation is as has
been outlined. From the mechanical angle, very little
service work can be done by the average service organ-
ization, other than proper centering of the armature
between the pole pieces. In some units a screw ad-
justment is provided for that purpose; where none is
available, such adjustment requires opening of the
unit. As to other defects, they may be loss of mag-
netization by the permanent magnet; hardening of the
damping pads so that they do not give sufficiently
during the movement of the armature; loosened pads
which jam the armature; in general various mechanical
defects. In addition, the armature coil may open, but
repair of such a winding is not recommended; it is
suggested that it be replaced entirely. The construc-
tion of some units may be such that disassembly of all
the parts cannot be done with ease. When this is the
case, it is best to replace the entire unit, rather than
to attempt to do a machining job to correct a defect.

Some of the manufacturers represented in this vol-
ume offer service suggestions relating to adjustments
on such recording ends. The serviceman will be wisc
who limits his service work to the extent stated by the
manufacturers.

The Crystal Cutting Head

The other type of recording head or cutting head is
the crystal. Although not as popular as the magnetic
type of cutting head, it is used in many installations.
In principle it is markedly different from the mag-
netic unit, but in action it performs the same job. As
to which is preferable, we have no opinion to render for
each has good and bad features of its own. However,
it cannot be denied that up to this writing, the mag-
netic type of cutting head seems to joy greater favor
in the expensive commercial installations than the
crystal unit. This is by no means a reflection upon the
crystal cutter as used in home recording units, for in
that category of instruments, there seems little to
choose between the two types.

The operation of the crystal type of recorder cutter
is based upon a phenomenon associated with quartz
crystals. If a slab of this crystal is subjected to an
electromotive force, certain conditions are created.
The crystal will expand, bend, twist or vibrate depend-
ing upon the arrangement of mounting and the axis of
the crystal. Whichever is attained depends upon the
operating conditions created. In the case of the re-
corder cutter the twisting action is desired and this is
accomplished by mounting one or two slabs of crystal,
depending upon the cost and characteristics desired,
between supporting members, in such a manner that



one end of the assembly is free to twist. This is shown
in Fig. 10.

The cutting stylus is attached to that end which is
free to move torsionally. When an alternating voltage
is applied to the sides of the crystal, the torsional mo-
tion of the free end of the crystal moves the cutting
stylus from side to side, in a manner similar to that
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FI1G. 10. Basic assembly of a crystal cutter. When the
electrodes are energized, the crystals undergo a twist-
ing movement in accordance with the signal voltages
applied to the crystal faces from the amplifier. These
twisting vibrations cause the cutting needle to have a
side-to-side movement and so cut a groove, such as that
in Fig. 9.

of the magnetic cutter. If this cutter is permitted to
act upon a moving record blank, a wave type groove is
cut into the blank, the contour of this wave being
representative of the alternating voltage applied to the
crystal. The larger the amplitude of this voltage, the
greater the twisting action, hence the wider the in-
scribed groove. The flexure of the crystal is a direct
function of the voltage applied. Temperature affects
this condition, but only slightly.

Design details differ in the various models, but the
basis of operation is as has been outlined. As to
service troubles in such devices, there is very little
that can be done in the average service shop in the
event that one of these units goes bad. Any attempt
to cement a bimorph crystal (double crystal) will sel-
dom result in success, so that it is better not to try it.

Slight mechanical defects, such as a loosening of the
various screws and support elements can be easily re-
paired, but defects associated with the crystal should
not be attempted.

Unlike the magnetic unit, temperature has some
effect, but even this is not much of a problem in daily
use, because temperatures in excess of 125°F are
needed in order to cause damage and these are seldom
encountered in daily use. However, in the event that
the location of the system is such that temperatures of
this amount may be experienced, the possible results
should be recognized.

As is to be expected, since the crystal cutter is in
competition with the magnetic cutter, its frequency
response range is in line with the magnetic type of
unit.

In all of this discussion concerning the motion of
the moving elements within the cutting head, it should
be understood that the head itself does not swing from
side to side. That motion is limited to the moving
elements within the cutting head. In fact any tend-
ency towards such motion on the part of the complete
head is a defect and calls for definite correction.

The Groove

Two methods of recording upon phonograph discs
are available; which means that there are two kinds
of grooves. One of these recording methods is that
which is standard today, namely the ‘lateral” or
side-to-side recording, wherein the audio voltages ap-
plied to the cutting head cause the cutting stylus to
swing from side to side and inscribe a wavy line upon
the disc. An example of this is shown in Fig. 11. To
indicate the difference in the type of groove which is
cut with the audio signal applied, that is “modulated,”
and without any signal applied to the cutter, or “un-
modulated,” compare Figs. 11 and 12; the latter being
an unmodulated groove. Note that the action of the
signal applied to the cutting head is to widen the
groove and to reduce the “land” area existing between
grooves.

FIGS8. 11, left,
12. A modulated
groove is indicated
in Fig. 11 by the
black wavy lines,
the “land” or ma-
terial between the
grooves, being
white. The groove
of Fig. 12 has been
cut with a re-
corder without
sound input. Cour-
tesy of J. P. See-
burg Corp.




The other method of recording is known as the “hill
and dale” or vertical. This differs from the lateral
in that the depth of the cut varies in accordance with
the modulation. This is in contrast to the width being
the variable in the lateral system. In the hill-and-dale
system the width is constant, whereas in the lateral
arrangement the depth of the cut or groove is main-
tained constant. There are certain advantages to the
hill-and-dale method, namely better frequency re-
sponse, as well as the ability to put much more on to
a record, because it is possible to cut more lines per
inch, but the system is limited to special apparatus
and is not commercially used,

Concerning the character of the groove used in
lateral recording, there again we have two types,
namely the sharp V and the V with rounded bottom,
as shown in Figs. 13A and 13B. Both are used in
practice, although in the commercial records the
rounded bottom type of cut is standard. The sharp
V cut is usually made with steel needles which have
a sharp point like 13A” whereas the rounded bottom
kind of cut is made with special needles using sapphire
tipped, special alloy tipped, or diamond tipped cutting
stylii, all equipped with a slight radius at the tip as
shown in Fig. 13B".

From the practical viewpoint there is no difference
in the kind of recording possible with one type of
groove as against the other, with the result that steel
needles are still in use. The original selection was
founded upon the fact that the material available for
home-recording blanks was much harder than the wax
disc used for commercial blanks and required a sharper
cutting tool in order to produce a clean cut. Today,
however, special tipped stylii are available as already
mentioned and the only justification for the use of the
steel needle is its low expense. In comparison with the

FIG. 13. A groove
with a sharp V
bottom is shown
in A and that in
B has a rounded
bottom. The shape
of the needle that
cut each of these
grooves is shown
in A’ and B' re-
spectively, Cour-
tesy of J. P. Sce-
burg Corp.
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other types of needles, it has a very short life, some
of them being suitable for about 60 minutes of record-
ing time, whereas others are good for about 4 or §
10-inch records. Sapphire-tipped needles on the other
hand are good for many hours of cutting time, as are
the alloy tipped ones. Diamond-tipped cutting stylii
have a very long life.
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Depth and Width of Groove

You will recall that we spoke about the depth and
width of the groove when we mentioned the basic cut.
Both of these constants of the groove, if we may call
them that, are of great importance. In the first place
the depth of groove, which is associated with needle
pressure, has a great bearing upon the quality of re-
production, assuming everything else normal. It also
has much to do with the ability to play back the record
properly. In other words upon it, with everything else
equal, depends successful recording . . . Let’s con-
sider this subject in the order in which the various
associated points of importance were mentioned.

We said that the width of the groove was determined
by the side-to-side swing of the cutting-head needle,
which motion originates in the application of the al-
ternating voltage to the cutter head unit. The stronger
this voltage the greater the swing of the cutting tool.
Now, if you examine Figs. 13A and 13B, you can
readily understand how the depth of the cut also de-
termines the width of the groove. If the cut is very
shallow it will approach a groove condition which is
the equivalent of no modulation, for unless the depth
of the groove is sufficient, only the tip of the point
will be cutting through the blank material. Some side-
to-side motion will be present even at the tip of the
needle, but by no means will it be representative of
the full amplitude of the signal voltage applied to
the cutter system,

When such a record is played back, music and
speech sound very “thin” and there is marked dis-
tortion as the consequence of unfaithful reproduction
of the relative intensities of the different frequencies.
Needle scratch is high in comparison because the
signal level is insufficient to override the noise.

Another very important condition is created by a
shallow cut. If the depth of the groove is insufficient,
the needle of the playback pick-up will not ride the
groove; instead it will jump out and slide across the
face of the record or jump from groove to groove.
This is particularly important when playing back home
recordings. The material used for such blanks is very
much softer than commercial records and one such
incident of a sliding needle is capable of ruining a
complete record. Then again, it is possible that the
tone arm of the playback unit does not ride as freely
as it should. When the groove is not deep enough,
even a small amount of excessive friction at the swivel
of the tone arm will cause the needle to jump out of
the groove.

Still another condition associated with the depth of
the groove is generally successful recording. If you
glance at Figs. 11, 12 and 13 and bear in mind
the side-to-side motion of the cutting needle during
the time that a signal is being fed to the cutter head,
you can readily appreciate how the groove width will



vary with the signal level, being limited to a fixed
minimum by the width of the cutting tool point. It is
this basic condition which established the amount of
land or uncut area between the grooves, as in Fig. 12.
If the cut is made deeper, the width increases, even if
there is no modulating voltage applied to the cutter,
for a greater portion of the cutting tool is digging into
the blank material.

Now, if we add to this, the additional cut due to
the side-to-side motion of the cutting stylus, we arrive
at a condition where for loud signals one groove cuts
into the next as in Fig. 14. If this happens, the play-
back needle will skip from groove to groove. Then
again it is possible that the side walls of the groove
may not have been broken through sufficiently at the
time of recording, but they are so thin that the first
or second playback breaks them down and the record-
ing is useless.

The relationship between the depth of the cut, the
width, and the land between the grooves is so important
that no worthwhile recordings should be made without
first making a test cut unmodulated and actually exs
amining the nature of the cut. For best results the land
area between the grooves when unmodulated should
be about 50-50. Slight deviations either way are per-
mitted, although some people prefer a drift towards a
40-60 combination, the greater percentage being the
groove. Some manufacturers consider the visual in-
spection of test cuts or recordings so important as to
make available as a part or as an accessory of their
apparatus, a small magnifying glass with which these
test cuts can be viewed.

Still another important point relating to the depth
of the cut is that if the cut is too deep, it may be pos-
sible to penetrate right through the coating material
and dig the needle into the metal base. This not only
ruins the recording, but is a sure way of damaging the
stylus. While it is true that certain types of needles
can be resharpened, that is no justification for care-
lessly digging into the metal base of the coated record.

Supplementing what has already been said, it might
be well to add that while manufacturers of record
blanks try to maintain a uniformity of thickness of
coating, all are not the same, so that any one adjust-
ment of cutter head pressure, which means depth of
cut, which may be satisfactory for one record, is not
necessarily satisfactory for another blank, unless it is
definitely known that all of the blanks being used are
alike . . . A test cut should be made when new blanks
are being used and also when a cutting needle is
changed.

In view of the fact that steel needles wear away
quite rapidly, it may be necessary to increase the
needle pressure each time the steel needle is used,
after the first cutting, This, however, should not be
done without examining a test cut. The special tipped
needles, since they have a very much longer life need

not be readjusted for quite some time, because they
hold their cutting edge very well.

In all of the references to depth of cut, we have not
spoken about what may happen if too deep a cut is
made with low signal level. This may pass unnoted
even after a visual examination, for there will be land
remaining between the grooves, but another undesired
condition will be created. This is the slowing down
of the turntable speed as the consequence of the drag
of the cutting tool. Such a condition ruins the record-
ing, unless means is available in the playback mechan-
ism to adjust the turntable speed to be equal to that
of the recorder while the recording was made. This,
however, is difficult for the speed of the recorder is
slowest when the drag is at the outer limits of the disc
and becomes less and less as the center is approached,
so that a confusing condition is created. The user can-
not seem to account for the fact that the first portion
of the recording is bad but seems to improve as the
grooves towards the center of the record are being
approached.

Still another condition which is associated with
the depth of the groove is that best described as
“double talk” or “echo’ effects. This is due to having
cut so deeply that the walls of the groove are so thin
that the side to side movement of the cutting needle,
while cutting one groove tends to alter the shape of

FIG. 14. When too
loud a signal is
impressed on the
cutting head, the
lateral .movement
of the needle is
excessive and one
groove is cut into
the space that the
next will occupy.
This results in the
playback needle
jumping from one
groove to the
next. Courtesy of
J. P. Secbury
Corp.

the other side of the wall separating the groove being
cut from the groove already cut. This may also be
occasioned by too much signal level at the recording
head, resulting in too great a swing of the cutting
stylus and reduction of the land area between grooves
to a very thin wall, which undergoes the same effects
as previously mentioned.

Advance Shoe Recording

Actually the advance shoe is a small accessory avail-
able upon some professional type recorders rather than
a form of cutting, but in order to include the name
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in the caption of this paragraph we associated it with
recording. The purpose of this advance shoe is to
maintain the depth of cut uniform regardless of varia-
tions in the record, in the thickness of the record blank,
etc. This advance shoe which may be a ball is lo-
cated near the cutting stylus, and when adjusted to a
certain height permits the needle to penetrate only to
a certain depth. The advance shoe rides on the uncut
portion of the record. An example of its use is to be
found in the Fairchild recorder discussed on that
manufacturer’s pages elsewhere in this book.

Adjusting Needle Angle

There is general agreement among those whose busi-
ness is recording equipment design and technique, that
the adjustment of the cutting-needle angle with respect
to the record being cut, is very important, but there
seems to be some difference of opinion as to just what
this should be.

For example, the majority of people agree that the
face of the cutting stylus should be set at 90 degrees
with respect to the surface of the record and that a
line drawn along the face of the needle and its reflec-
tion in the record should be perfectly straight. Just
what is meant by this is shown in Fig. 15, wherein a
straight type of cutting needle is used. In the event
of an offset type of stylus, the same condition holds,
although this may call for a readjustment of the cut-
ter head position so as to create the desired condition.
This is shown in Fig. 16.

On the other hand, if you will look through the
service notes concerning records published in this

90° CUTTING
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REFLECTION

volume you will find several references which do not
agree with the aforementioned. You will find some
comments which alter this setting from as little as §
degrees to as much as 16 degrees. Since each manu-
facturer is referring to his specific unit, it seems most
logical when adjusting the cutting angle with that
manufacturer’s equipment to use his recommended cut-
ting angle. Some of the cutting heads have screw ad-
justments which move the entire head, whereas others
move only the chuck and moving mechanism within
the head.

To quote one manufacturer, Seeburg, “When using
steel recording needles with a V point, the cutting
angle must never be more than 90 degrees and should
be less if the recording blanks are uneven or warped.
The more expensive needles which have radii at the

tip can be used at a cutting angle of 90 degrees pro-
vided the blanks are of good quality and perfectly flat.
It will sometimes be found possible to have a slightly
quieter groove under these conditions. . . .”

The cutting angle has a decided influence upon not
only the kind of cut but upon the noise qualities of the
cut. If the cutting angle is greater than 90 degrees,
as shown in Fig. 17, the stylus is digging into the
record and may result in a number of effects. It may
chatter or bounce as it is moving across the surface of
the disc. . . . It may hiss and even give forth a
squaling sound, both of which when evident in the
cutting, will be evident in the playback. Reducing the
depth of the cut or eliminating the chatter by raising
the cutting head is not necessarily the remedy, al-
though it may cure the trouble. What is required is
to establish the correct angular setting, which under
all reasonable conditions is a close approach to the 90-
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FIGS. 15, left, 16. In some cases, it is recommended that the straight line drawn from the face of the needle
should make a 90 degree angle with the record and that the reflection of the needle’s face should be in the same
straight line as the face. This holds for both the types of needles shown.
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degree setting, unless otherwise noted in the manu-
facturer’s bulletin.

If the cutting angle is less than 90 degrees, as shown
in Fig. 18, so that the needle is being dragged across
the surface, it may give rise to a hiss. At the same
time, such an adjustment requires more than the nor-
mal amount of pressure in order to secure the proper
depth of cut. Any change in adjustment {rom Fig. 16
to 17 or 18 obviously requires readjustment of the
tone-arm pressure.

Because some manufacturers employ different
methods of illustration and identification than others
and some readers may wish to correlate these data
with that of other manufacturers, it might be well
to state that our reference to the angle between the
cutting tool and the disc, is that existing between the
front part of the tool and the disc. We call that the

MORE
THAN LESS
90° THAN
\ 90°
§  RECORD k7 RECORD {
e ———

FIGS. 17, left, 18. If the cutting angle is greater than
90 degrees, as in Fig. 17, then the stylus may bounce or
chatter as it moves across the record. A hiss may be in-
troduced if the cutting angle be less than 90 degrees, as
in Fig. 18, for here the stylus is being dragged across
the surface.

face. This face usually is on the opposite side from
the flat side of the cutting tool shank which is in-
serted into the cutter head chuck. At any rate, irre-
spective of the design of the cutting stylus shank, the
cutting angle is that described. The face of the cutting
tool faces opposite to the direction of rotation of the
disc. This is illustrated in Figs. 15 and 16 as well as
in Fig. 19.

Recording Needles

Cutting heads supplied with modern recorders are
arranged to accommodate a variety of cutting stylii. In
a few instances, due to some special design features,
the manufacturer of the recorder supplies needles with
his machine and states that best results are obtained
with the needle which he supplies. When such is the
case, it is so stipulated in the service notes.

In general, however, the average recorder will ac-
cept that stylus which is available of which there are
four basic types, which differ in the material of which
they are made, the period of useful life, hence the
price. The most commonplace needle is that made of
carbon steel which has been hardened and ground to a
V shape, such as shown in Fig. 19  Although we un-
derstand that carbon steel is very hard, the friction
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developed in cutting a record is considerable with the
result that the useful life of the cutting edge of such
a needle is not very great, being between 30 to 60
minutes of cutting time under normal conditions. Cost
varies between 10 and 50 cents.

HEEL
OF
NEEDLE

FACE
— OF
NEEDLE

FLATTENED
SHANK TO BE
INSERTED IN TO
CUTTER HEAD
CHUCK

FRONT SIDE

FIG. 19. Front and side views of a cutting needle with
the various parts identified.

Such needles being ground to a sharp point cut more
easily than others which have a slight radius at the
time, that is, as long as their cutting edge lasts, hence
require less needle pressure than the other varieties.

The second type of needle is that which employs
an alloy insert as the cutting edge. This is somewhat
more expensive than the first and has a longer operat-
ing life because it is capable of retaining its cutting
edge for a longer time. Its shape is like that shown in
Fig.20A. It differs in that instead of making a sharp
V cut like that shown in Fig. 13A, the point has a
slight radius and the type of cut is like that shown in
Fig. 13B. Since the needle point presents a greater
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|
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A -CUTTING
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FIG. 20. Difterent types of neodles.
C‘ourtesy of Duotone Co., Inc,



area to the record while cutting, it requires somewhat
more pressure upon the needle. On the other hand,
it is much quieter in operation, that is, it is productive
of a smoother cut, hence less surface noise. . . . And
last, but by far not the least, is the important point
that these needles can be resharpened and their cutting
edge restored. This does not apply to all of them, it
all depends upon the brand and when such rehoning
is possible, the manufacturer stipulates it in his liter-
ature. Cost varies between 50 cents and $2.50.

The third type is like the second, that is in appear-
ance, although it employs an entirely different material
for its cutting point. This is a sapphire insert. The
sapphire being second in harness to the diamond, is
very popular as a cutting stylus and with proper treat-
ment affords a useful operating life of about 15 hours
of cutting time, after which period it can be resharp-
ened. This is about three times the life of the average
alloy-tipped needle. Cost varies between $4.50 and
$7.50.

Last and by far the best uses the diamond-chip
insert as the cutting edge. This kind of cutting tool
has almost an indefinite life, for the diamond is the
hardest of all substances. Naturally it is the most ex-
pensive of all of the cutting tools. Some suppliers say
that a diamond-chip cutting needle is good for record-
ing 1000 aluminum records and several times that
many for coated records.

Of special interest in connection with such cutting
needles, is the strange condition that despite their
hardness, they must be treated with extra special care.
One of the greatest dangers is to drop the cutting head
upon the record blank, thus banging the needle point
upon the record. Despite the hardness, they are very
brittle and will break or chip off. Being microscopic in
size any damage will not be visible to the naked eye,
and examination must be made with magnifying
glasses. But when put to use, a minute chip is suffi-
cient to ruin the recording.

The 8having

By shaving is meant the material cut out of the
disc during the recording process. The character of
this material can be used to judge the conditions of
recording as well as the condition of the cutting stylus.
The same is true of the groove cut in the record.

Generally speaking the shaving should be dark,
shiny, and straight. If it is not, something is wrong.
If it is gray and the grooves cut in the record are
lighter than the unrecorded portion of the disc, it is a
sign of cutting with an improper edge; the edge is not
as sharp as it should be. A kinky or wavy thread,
although of the proper shade to indicate a sharp cut-
ing edge, is a sign of incorrect cutting angle.

One of the problems of recording is the disposal of
the thread cut out of the record during recording.
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This can be an aggravating thing when cutting from
outside-in, for unless the thread is disposed of properly,
it may bunch up beneath the cutting needle or it may
wind itself around the turntable spindle and pull upon
the needle, thus making a non-uniform cut. Theore-
tically, the design of the cutting head inclusive of
the needle chuck and the proper placement of the
needle within the chuck, should throw this thread in
towards the center of the disc. . . . But this does not
always happen. . . . If no automatic means of re-
moving it is available, it becomes necessary to use a
soft brush as the recording is being made, for gently
brushing the thread in towards the center.

If however, as the result of either negligence or
because of some condition relating to improper setting
of the cutting needle, the thread bunches up under-
neath the needle during a recording, nothing can be
done other than to fervently wish that everything will
turn out all right. Sometimes it does, but in most
cases it does not; but to attempt to raise the cutter
head and to remove the thread or to attempt to brush
the thread away is inviting trouble, for more than
likely pressure will be put upon the needle and the
recording will be damaged.

The shavings can be used to estimate depth of cut.
Considering the normal depth of about .002 to .003
of an inch, the shaving should be dark and about the
thickness of the human hair. If the cut is too shallow,
the shaving will be very silky and even gray in color.
If the cut is too deep, the thread will be very black
and thick.

As we stated earlier in connection with these shav-
ings the positioning of the cutting tool in the cutter
head chuck is supposed to take care of the gathering
of the shavings. Sometimes this can be aided by the
use of a round shank cutting needle and turning the
needle slightly off line so as to cast the thread in
towards the center. This can be done, when necessary
with a flat-shanked cutting needle by filing the needle
shank at a slight angle, at that point where the needle
meets the set screw. This type of correction can be
carried out by “shimming” the shank of the cutting
needle with a wedge-shaped piece of metal placed be-
tween the shaft and the set screw which holds the
needle in the chuck. The amount of shift of the cutter
is very slight, several degrees, towards the inside.
Very often the trouble is due to incorrect placement of
the needle in the chuck. What seems to be correct
placement is not so because of slight unevenness in
the screw at the point of contact with the needle shank,
or an unevenness in the flat portion of the needle
shank.

Trouble Patterns Visible Upon The Record

The pattern which appears upon a recording blank
after the recording has been completed is oftentimes



an excellent indicator of the defect existing in the
system, although not necessarily of where the trouble
is located. Visible patterns of wheel spokes radiating
outwards from the center indicate alternating light
and heavy cutting, due to some impulse which is re-
current at definite portions of the disc rotation cycle.
Any form of physical vibration or non-uniform mo-
tion will cause such a condition. Thus a worn or dirty
drive mechanism, chattering gears, non-uniform speed
of the motor armature are contributing causes.

Heavy recording on one side of the disc indicates a
departure from level mounting of the entire assembly.
It is very important that the entire recorder mechanism
be perfectly level, and that the rotation of the turn-
table be constant and that it be true. Improper gov-
ernor action may contribute to this effect.

Moire or V-shaped patterns upon the disc indicate
the presence of vibration or hum occuring at certain
intervals, yet not necessarily during the entire re-
cording.

Uneven spacing of the grooves is due to friction in
the mechanism which moves the cutting head across
the record. This can be caused by any number of
things: dirt, strands of shavings, lack of lubrication.

Other troubles which may appear periodically with-
out creating a definite pattern upon the disc so as to
afford a clew are:

Loose elements inside the cutting head

Hardened damping pads

Swinging cutter head

Periodical physical shock of the entire recording
assembly due to a shift in the position of the mounting
upon which it is resting

Induction of momentary hum into the microphone
leads

Intermittent in amplifier system

Variation in motor speed during sudden changes in
line voltage

Improper action of governor

Slippage of the record.

In the accompanying illustrations are, shown the re-
corded effects of some of the more common defects.

Oon the
left is a typical
moire pattern,
wliich is genecrally
caused by some
sort of vibration
or hum intro-
duced at regular
intervals. The
pattern on the
right is formed by
light and heavy
cutting caused by
some sort of me-
chanical vibra-
tion.
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Minimum Diameter of Recording

There exists a very interesting detail of recording,
which should be of interest to the man who wants to
utilize every inch of available space upon a recording
disc used at 78 rpm. For that matter the same applies
to the normal use of 33%%4-rpm records, because it
involves the same kind of condition, as well as equip-
ment.

Many people who have made recordings have noted
what appeared to be a strange phenemonon, wherein
the quality of reproduction seemed to fall off badly as
the reproduction of the recording near the center of
the disc was played back. This is a definite condition
which exists unless corrective measures are instituted,
which incidentally are seldom available with home-
recording equipment, hence home recording should
never be made with groove diameters less than 4
inches.

The reason behind the change in quality, particu-
larly the loss of high frequencies, is that the reproduc-
ing needle cannot properly follow the high-frequency
undulations inscribed upon the record when the diam-
eter of the groove is less than 4 inches. And the reason
why it cannot follow it is that the radius of the tip of
the needle will not fit into the cuts made in the walls
of the groove. These cuts made in accordance with
the movement of the cutting needle under the high-
frequency electrical impulses are crowded together to
such an extent that the needle just touches the high
points or slides over them and the voltage generated
in the pickup is not representative of the true ampli-
tude or frequency.

This pinching of the inscribed wave comes about as
the result of the difference in speed of travel of the
disc beneath the cutting needle at various distances
from the center of the disc. For example, in Fig. 21 is
shown a segment of the record, actually a quarter of
the whole record. If the cutting needle is going to
trace a groove at a distance of 514 inches from the
center at a speed of 78 rpm, over this quarter segment
it will make a groove 8% inches long. However at a
distance of 2 inches from the center of the record,




the groove traced by the cutting tool would be only
314 inches, yet the time elapsed to trace these two
grooves would be exactly the same. Obviously then,
the speed of travel of the disc beneath the cutting tool
is a function of the diameter of the circle being in-
scribed; the smaller the diameter, the slower the
speed of the cutter.

Now, if it takes about .32 second for the cutting tool
to make the outer groove 834 inches long, it would be
possible to record about 2000 individual cycles (ap-
proximately) of a 6000-cycle wave. The waves cut
into the groove would occupy a certain space. Now if
we consider the inner groove, that cut at a distance of
2 inches from the center, the time required to cut the
groove 314 inches long would still be .32 second and
if we desired to record 2000 individual cycles of a
6000-cycle tone, the reduced length of the line cut
would force squeezing of the individual cycles. This
is what happens and to an extent which does not
provide sufficient space for the reproducing needle to
get into the lines cut in the walls for each of the cycles.

FIG. 21. The quality of a recording is better in the
outer grooves than it is in the inner grooves, because
the cutting of high frequencies is spread over a greater
length of groove near the outside of the record. The
needle can follow them better than those near the center
of the record.

The result is distortion, in fact the needle may not
track at all. The reproducer needle can follow the
various bends of the individual cycles when they are
stretched out in the outer groove, but not very readily
when they are compressed in the inner groove, par-
ticularly if the diameter of the inside grooves is less
than 4 inches, In the case of 33-14 rpm, the equivalent
minimum diameter should be about 7% inches.

General Considerations

There are other phases of recording which we are
not discussing in this portion of this volume because
much excellent material of that character is to be found
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among the manufacturers’ pages listed elsewhere in this
book. We recommend their reading.

Pickups

The electric phonograph pickup is a part of the re-
corder as well as the record changer and while it has a
function which is just the opposite of the recorder
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FIQG. 22. Assembly of an electromagnetic pick-
up, which functions just opposite to the mag-
netic cutter, see Fig. 8, for here the mechanical
motion of the pivoted armature induces a volt-
age in its winding, which is amplified and
transformed into sound in the loudspeaker.

cutter, the basic principle of operation is pretty much
the same. Whereas in the recorder head electrical en-
ergy is converted into mechanical energy, the reverse
is effected in the pickup. This is true in the electro-
magnetic unit as well as in the crystal unit. Suppose
that we discuss the magnetic type first.

One basic electrical law states that if a coil is sub-
jected to a varying flux, an electromotive force will be
induced, the direction or polarity of which will be de-
termined by the direction of the flux lines. 'This prin-
ciple is utilized in the magnetic pickup. In Fig. 22 we
show a simple form of the magnetic pickup. An arma-
ture is pivoted between the poles of a permanent
magnet. As the needle, which is held fast in the needle-
chuck, moves back and forth in the process of following
the groove walls, the armature in turn is forced to
vibrate in the magnetic field. As the needle moves to-
ward the outer portion of a groove, the top part of the
armature approaches, say the North pole of the magnet
while the bottom part of the armature approaches the
South pole. The flux through the coil wound around the
armature consequently increases so that the voltage at
the terminals of the coil also increases. When the needle
moves in the opposite direction, that is, toward the
inside of the groove, the armature approaches the mid-
position and the magnetic flux through the coil de-
creases, until at mid-position the flux is neutralized. As
the needle continues moving in this same direction the



top of the armature approaches a South pole while the
bottom of the armature approaches a North pole. The
flux through the coil again increases but in the oppo-
site direction from the case first mentioned, so that the
voltage induced in the armature-coil is also of reversed
polarity. Since the armature is compelled to vibrate at
an audio-frequency rate, the voltage at the terminals
of the armature-coil is an audio-fréquency voltage,
which, after amplification, may be delivered to a loud-
speaker. The resulting sound is a reproduction of the
original sound which was recorded on the record.

Although not invariably the case, magnetic pickups
usually have a low impedence, ranging from about 50
to 500 ohms. Consequently, a magnetic and a crystal
pickup are not interchangeable. If it is found necessary
to employ a magnetic pickup, it must be remembered
that a suitable step-up transformer must be connected
between the pickup and the amplifier.

In the case of the crystal cutter we have already
learned that the application of a voltage to the faces of
crystal results in a deformation of the crystal. The
reverse is also true, namely, if a crystal is twisted or
bent, a voltage will appear on the faces of the crystal,
the polarity of this voltage depending upon the direc-
tion of the bending or twisting. It is this principle
which is employed in the crystal pick-up. A phonograph
needle is held in a chuck which is mechanically con-
nected to a crystal. As the needle vibrates in ac-
cordance with the audio-frequency undulations in the
record groove, this motion is transmitted to the crystal
to force it to bend or twist first in one direction and
then in the other. Consequently an audio-frequency
voltage appears on the faces of the crystal, this voltage
varying in accordance with the original sound recorded
on the record. Crystal pickups are high-impedance de-
vices and may therefore be connected directly to the
input circuit of a vacuum tube without the intervention
of an impedance matching transformer.

Various defects may occur in pickups. In the mag-
netic type, loss of magnetization of the permanent
magnet will result in a reduction of the output volt-
age. With age the damping blocks may become hard
so that the pickup becomes unresponsive to the needle
vibrations. Foreign particles may get in the air-gap
and cause a fuzziness of reproduction. Further defects
are an off-centered armature and an open-circuited or
short-circuited pickup coil. Some of the foregoing de-
fects in magnetic pickups may be corrected by the
serviceman. In the case of crystal pickups, however, it
is inadvisable to make any attempt to repair the crys-
tal, it being preferable to replace the defective crystal
with a new cartridge.

Recently a new type of pick-up unit has been mar-
keted by the Philco Corp. This consists of a source of
light, a tiny mirror attached to the permanent jewel
stylus, and a selenium photoelectric cell, these being
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arranged as shown in Fig. 23. As the jewel or needle
follows the variations in the record groove, a lateral
or side-to-side motion is given to it, which in turn is
imparted to the mirror. Light from the lamp is re-
flected in corresponding varying amounts from the
mirror to the selenium cell, wherein it is transformed
from light energy into electrical energy. In other
words, the flow of current from the cell is varied in
accordance with the sound waves engraved in the
groove of the record.

Several interesting problems arose in the develop-
ment of this unit. Inasmuch as the light energy from
the lamp is translated into sound, the usual 60-cycle
source could not be used, as this would superimpose a
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FIG. 23. Light energy from the lamp falls on the mir-
ror attached to the pick-up needle and is reflected in
varying amounts to the selenium photocell, where it is
transformed into electrical currents which are amplified.

hum of the same frequency onto the recorded music.
This problem was overcome by energizing the filament
of the gas-filled lamp from an 1800-kc oscillator, this
frequency being, of course, far above the audible range.

The mirror had to be as small as possible in regards
to size and weight, so that the inertia of the vibrating
jewel could be kept at a minimum. A mirror, such as
is commonly used in moving-coil galvanometers, was
mounted on a small block swinging on an axis that
floats on a pair of flexible bearings.

Frequency Test Records

Frequency test records are useful tools for demon-
strating the overall response of the amplifier and its
associated equipment. Different types are made by
both Columbia and RCA-Victor, and the characteris-
tics of these records will be found below.

RCA-Victor No. 84522 is a 12-inch record, the 4
side of which is continuously variable from 10,000 to
30 cycles. In order to make for easy identification of
the different frequency ranges a buzzer signal is in-
jected at 10,000, 9000, 8000, 5000, 4000, 2000, 1000,
500, 200, 100, 50, and 30 cycles. The recording is of
the constant velocity type for tones above 1000 cycles,



and of the constant amplitude type for tones below 500
cycles. The B side of the record contains two con-
tinuous constant-frequency test tones having an ac-
curacy of 0.2%. The frequencies are 433 and 1000
cycles when played at 33.3 rpm, or 1000 and 2300 cy-
cles when played at 78 rpm.

The Speedy-Q No. 7884 is a 10-inch record having
a frequency range of 5000 to 50 cycles with a verbal
statement of the frequency at the 1000-cycle reference
tone and at 5000, 4000, 3000, 2000, 1000, 750, 500,
300, 200, 150, 100, and 50 cycles. This record is sup-
plied with a supplementary chart which indicates the
frequency response for various needles and pickups.

Columbia Audio-Tone No. 1 has a frequency range
from 7000 to 50 cycles, with a verbal statement of
what the frequency is at 7000, 6500, 6000, 5500, 5000,
4500, 4000, 3500, 3000, 2500, 2000, 1500, 1000, 700,
500, 400, 350, 300, 250, 200, 180, 160, 140, 120, 100,
90, 80, 70, 60, and 50 cycles.

Columbia No. 10001-M is a warbled frequency rec-
ord having a range of 10,000 to 100 cycles.

Columbia No. 10002-M is a recording of a noise
spectrum and has a sweep-frequency band which in 12
seconds covers the 10,000 to 40 cycle band.

Columbia No. 10003-M has a frequency range of
10,000 to 5O cycles.

Output Level Indicators

The purpose of an output level indicator is to enable
the operator to record at a sufficiently high level so as
to obtain adequate response when playing back, with-
out at the same time recording at so high a level that
over-cutting occurs with consequent destruction of the
groove walls. There are three principle types of out-
put level indicators: the neon flasher, the visual indi-
cator tube, and the sound level meter.

The double flasher neon type of output level in-
dicator is indicated in Fig. 24, which is employed in
the Fada Model RE187. The normal operating range
of a-f voltage for the cutter is between 60 and 70 volts.
Neon tube N,, however, strikes at about 55 volts, so
that it will continue to flash as long as the recording is
above the minimum level. Neon tube N. has a re-
sistor connected across it so that as a result of the
voltage divider effect it will not flash until the a-f volt-
age has exceeded its proper range. The single flasher
type of output level indicator employs only a single
neon tube and the constants are adjusted so that proper
operation is indicated when the tube flashes intermit-
tently and for short periods of time.

One form of the visual indicator type of output level
indicator is illustrated in Fig. 25. The two arrow-
headed leads are connected across the a-f voltage at
any suitable point and the circuit constants are de-
signed so that the eye is just closed for normal output
level of recording. Undue overlapping of the sectors
indicate that excessive voltage is being fed to the re-
corder.

A sound level meter, as exemplified in Fig. 26, is
employed in the Fairchild Model 219-2 recorder. The
sound level meter is comprised of a 6H6 diode rectifier,
a resistor, a condenser, and a 0-—1 milliammeter which
is calibrated in decibels. The output voltage is in-
creased to the normal operating level, and excessive
a-f voltage is indicated when the meter reads too high.

Shielding

Recorder amplifiers possess a considerably greater
gain than is the case of amplifiers in home receivers.
This additional gain is needed to make up for the low
sensitivity of the microphone. In order to avoid the
possibility of hum and noise voltages, this higher gain

FIG. 24. The neon
lamp N1 strikes
at about 55 volts
and is a minimum
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range of about 70
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necessitates the careful shielding of the input leads of
the first tube. Considerable care is taken in the layout
of the amplifier to make the input grid lead short, not
only for the prevention of the pick-up of hum and
noise voltages, but also so that the capacitance between
the conductor and its shielding does not cause ex-
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FIG. 256. When the tuning eye just closes in this indi-
cator circuit, the a-f voltage is at the proper value,
which, if exceeded, is shown by an overlapping of the
shadows.

cessively high-frequency attenuation. The inverse-
feedback leads are also frequently shielded in order
to prevent undesired interaction with other circuits.

Equalization

A considerable loss in high-frequency response oc-
curs at the inside of the record due to the fact that the
linear velocity is much less here than it is at the out-
side of the record. Accordingly, it is desirable to in-
crease the gain near the inside of the record so that the
recorded sound may possess a brilliancy which is com-
parable to that at the outside of the record. It should
be remembered, however, that very high frequencies
cannot be reproduced with the full intensity level of the
original sound. This is due to the fact that with in-
creasing frequency the needle-point diameter of the
pick-up needle approaches and may even exceed the
wavelengths of such high-frequency tones.

PHONOGRAPH NEEDLES

THE subject of phonograph needles is in so highly con-
troversial a state as to make it impossible to make defi-
nite statements regarding them. In the absence of
quantitative data, the following comments are to be
considered as tentative and are intended as a practical
guide rather than as ultimate truths.

Material

Phonograph needles are made of metal (such as
steel, chromium, or a rare-metal alloy), fiber (such as
cactus or thorn), or jewel (such as diamond or sap-
phire). Since the material of which a needle is made
has considerable bearing on record-wear, frequency

response, and needle scratch, we shall comment briefly
on the various types.

Considering now only those pickups in which the
needle is not an integral part of the pickup, the steel
needle probably gives almost as good a frequency re-
sponse as a chromium needle. The ordinary steel
needle, however, should not be used for more than a
single side of a 12-inch record or for more than two
sides of a 10-inch record. This is due to the fact that
commercial records incorporate an abrasive material
whose function is to wear down the needle so as to
make the needle better fit the groove. After this is

‘accomplished, however, the abrasive action continues

with the result that the needle develops a cutting edge
which causes excessive record wear. A shadowgraphed
needle, namely, one which has been examined by pro-
jection to determine that it initially possesses no ir-
regular edges or breaks, may be used for two sides of a
12-inch record. Since the steel needle has such a short
life, it obviously should not be used with a record
changer, since the large number of sides played will re-
sult in excessive record wear.

Of the metallic needles, chromium needles have per-
haps the best frequency response. In addition they
may be used with automatic record changers, since
each chromium needle is good for about 24 record sides.
Chromium-plated needles are, however, dangerous to
use, since any unevenness in plating will result in un-
even needle wear and this, in turn, will result in ex-
cessive record wear.

Fiber needles may also be employed with record
changer equipment, since certain types of them will
play from eight to ten sides before they require re-
sharpening. Fiber needles do not have as good a fre-
quency response as steel needles and this becomes
progressively worse as the needle becomes duller. To
some this may not be too important since the loss of
high frequencies also results in decreased needle
scratch.

Sapphire needles not only have a very good fre-
quency response but have, in addition, a long life, since
they are good for about 2000 record sides. Once a
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FIG. 26. The milliammeter, calibrated in decibels gives
direct indications of excessive a-f voltage.



sapphire needle which has been used for quite some
time is removed from the needle chuck it should never
be used again, for extremely excessive record wear
would result in consequence of the needle not being
placed back exactly in its original position. (This ap-
plies more strongly to steel and chromium needles.)
If, due to a fall or other cause, the sapphire needle
should become chipped, records will be destroyed due
to the sharp cutting edge.

Play-back Needles

Play-back needles should be either $hadowgraphed
straight-shank steel, or else the trailing type. The dif-
ficulty with the straight-shank needle is that it may
jam in the groove. The trailing needle, which has a
bent shape and a blunter point, avoids the difficulty of
jamming, but suffers from a rather poor frequency re-
sponse.

A play-back needle which has too sharp a point will
rapidly wear out the bottom of the groove and will also
give poor frequency response. On the other hand, a
needle with too blunt a tip will be incapable of fol-
lowing the undulations of the record groove.

Never use for play-back, a needle which has pre-
viously been used on a commercial recording, for
excessive record wear would result. After the first play-
ing the record should not change appreciably in color.
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Such change in color indicates excessive record wear
and indicates that the needle should be replaced.

Experience indicates that the most practical solu-
tion to the problem of play-back needles is the selection
of a sapphire point. It is the most expensive of the
general run of needles, but best in the long run because
it eliminates all of the worries due to possible defects
in cheaper needles which require frequent replacement.
Considering the usual value of home recordings, any
step taken to preserve the character of the recording
is worthwhile.

Concerning sapphire-tipped play-back needles, there
seems to be some discussion at the time of this writing
concerning a change in the radius of the grooves cut into
records and the radius of the tip of such play-back
needles. Whereas it was generally understood that
play-back needles with a tip radius of .0025 inch were
satisfactory, it seems that after a period of use of press-
ing matrixes, the width of the groove in the finished
record is increased, so that a larger radius is required
upon the needle tip to prevent bottom of the groove
travel. According to Radio Service Dealer, who is the
source of these data, newly manufactured sapphire
play-back needles have a tip radius of about .0027 inch
and this seems to cure the distortion which was ex-
perienced with some records. The increased radius re-
mains satisfactory for some of the older records which
had grooves with the smaller radius.



Chapter III
AUTOMATIC RECORD CHANGERS

WEe HAVE gathered in this volume a representative col-
lection of data covering virtually all of the automatic
record changers manufactured in the United States
over the last ten years. In this group are to be found
numerous varieties including such general types as
“drop,” “ejector or throw-off,” “turnover,” and the
combination of the “drop-ejector” type.

By drop type is meant a mechanism whereby the
stack of records is supported on two or more oscillating
shelves, which are capable of slicing off the bottom
record, which then slides down the spindle to the turn-
table. This arrangement is capable of playing only one
side of each record and after the stack has been com-
pleted, manual “flopping” of the records is necessary
in order to prepare them for the next playing. The
majority of the automatic record changers sold during
the past few years are of this type.

Incidentally, as you can see after examination of
some of the service notes contained in this volume, any
attempt to just “flop” the records and place them back
upon the record changer would not result in the proper
playing sequence. To overcome this difficulty both
Victor and Columbia have announced albums of rec-
ords which are intended to be used on such record
changers. These records are arranged so that the
renditions are in sequence upon the different records
rather than upon the front and-back of the same rec-
ord. For example, in a four-record album for the
drop type of changer, the sequence of playings upon
the individual records is

1—8
2—7
3—6
4—35

Another type of automatic record changer is known
as the “ejector or throw-off,” wherein the record is ac-
tually pushed off the turntable into a sort of a hop-
per where the used stack is formed. In this type of
changer, which incidentally never approached the pop-
ularity of the drop variety, are employed several dif-
ferent arrangements, which are native to the individual
manufacturers, but in general, certain similarities exist
among them all.

For example the stack of records instead of being
located upon shelves above the turntable, are located
upon the turntable. The spindle is movable in that it
can slide down into the assembly below the turntable
to the extent necessary to permit the approach of the
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ejector arm and its contact with the top record already
played. This means that the spindle recedes the amount
equal to the thickness of the record, thus permitting
the ejector arm to slide off the top record, but the
remaining records are held in place by that portion of
the spindle projecting above the turntable. An example
of this arrangement is the RCA record changer identi-
fied herein as being used in the U-109 receiver. As we
stated, this specific arrangement is not the only kind
that is used in ejector type machines. There are various
ways in which the record is cast off.

It was mentioned above that in the case of a series
of records constituting an album, the second part of a
selection was not on the back of the record on which
the first part was recorded when the series was to be
played on a drop type of record changer. The same
is true in the case of the ejector or throw-off type, but
here the arrangement is again different, and if when
you consider the difference in the way the unplayed
records are initially arranged on the record shelves in
the drop type and on the turntable in the ejector type,
you will see the necessity for the different sequence.
The sequence for the ejector type is as follows:

1-=5
2—6
3=y
4—8

Another type of record changer is known as the
“turn-over’ which is typified by some of the Capehart
units. In this interesting arrangement the records to
be played—there can be 20 of them at a time—are
stacked horizontally in a hopper. When a record is to
be played, this stack turns up on end and when in a
diagonal position, the bottom record slides out upon
the turntable. To prevent the rest of the records from
falling, a frame which normally surrounds the turntable
moves up to hold the outside records in place. . . .

After the record has been played, it is picked up off
the turntable and carried back towards the stack,
which again is up-ended. However, before it reaches
the stack, a reversing arm comes into play. This re-
versing arm holds the vertical record momentarily
against the record stack. Then the stack is tilted
slightly and the reversing arm lets go, thus permitting
the record to slide down again upon the turntable. . . .
Now the record is reversed, for that side which was
played was the side nearest the stack, and when the
record slides again upon the turntable, the played side



is on the bottom and the side to be played is upon
the top.

After the second side has been played, the record is
lifted, but this time the reversing arm does not come
into play. Instead the record is moved back upon the
top of the stack and the next bottom record slides onto
the turntable,

A recent development in automatic record changers
is that device which is a combination of the ejector and
drop types and is a double-side player. This is saying
quite a lot and means that the placement of the record
upon the rotating turntable is by means of a drop from
record shelves. The ejection of the record after both
sides have been played is by ejection into a hopper,
although the mechanism is different from that previ-
ously described. In this unit, the entire turntable
assembly is upon a swivel which tilts, as shown in
Fig. 1, so as to permit the record to slide off onto a
recess chamber after both its sides have been played.

As to the playing of both sides, this is done by means
of two separate pick-ups, located upon a single tone-
arm. One pick-up makes contact with the upper face
of the record when the top side is to be played and
after this playing is finished, the upper pick-up is lifted
and the lower pick-up comes into position. However,
since the direction of rotation of the groove upon the
underside of the record is opposite to that upon the
upper side when the record is held in one position, the
change in pick-ups is also accompanied by a reversal in
the direction of rotation of the turntable.

FIG. 2. A new record has been dropped from
the pile supported by the record shelves and
the pick-up is shown just at the edge of the
record.

Courtesy of RCA Mfg. Co. p__ e
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The location of the record in playing position is
shown in Fig. 2. As you can see the unplayed records
are stacked upon the shelves. When a record is dropped
into playing position, it contacts the turntable, which,
unlike the conventional, has a diameter equal to only
the diameter of the label in the center of the record.
This is evident in the service notes which describe the
RCA Model RP-151. One motor is used to operate the
turntable and another motor is employed to perform
the various cyclic operations associated with the tone-
arm, record changing, etc.

So much for the general description of the basic
types of record changers as identified by how the record
reaches the turntable and what happens to it after it
has been played.

Mechanisms in Automatic Record Changers

It would be very nice if we could say that all record
changers are alike. Unfortunately we cannot say that
because it is not so, although, as you will learn after
examining the service pages contained herein, many
are alike, for in numerous instances the same record
changer is sold to a number of different receiver manu-
facturers. However, there still remains a variety of
changers with which the average serviceman must be-
come familiar, if he is going to do this type of service
work.

At first thought it may appear that the suggestion to
become familiar with all types of record changers is a

FIG. 1. When both sides of the record have
been played by the pick-ups, shown swung
out of the way to the right, the entire turn-
table mechanism tilts and the record slips
off the short spindle into a receptacle. Cour-
tesy of RCA Mfg. Co.
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tremendous task. Actually it is not so because the
amount of familiarity needed is more in the form of
general information rather than specific actions. Work
upon automatic record changers is greatly expedited by
the service notes which many manufacturers supply
and when such notes are available and they are fairly
complete, the functions of the various linkages are
easily identified. However, there are times when such
complete service notes are not available.

Because of the lack of such operating data in more
than a few instances we feel the need for a logical
method of approach when an individual faces a new
record changer for the first time and has very little
data with which to work. We have found that one of
the reasons why men have experienced complications
when servicing record changers is that they try to ob-
serve too many actions at the same time. It just can-
not be done; a definite breakdown of motions is essen-
tial, otherwise a great deal of time will be wasted.

As we stated before, all record changers are not
alike, yet certain basic mechanical similarities exist,
not necessarily in the exact way in which a certain mo-
tion is attained, but rather in the motion which is
needed. For example, the manipulation of the tone-arm
must be the same in all cases, because all changers play
like sized records, must start at the same point and
end at the same point on the record in order to start
and end the cycle. In completing this cycle many mo-
tions are involved and while it is true that various ways
may be employed to accomplish these motions, the fact
remains, nevertheless, that like motions must be com-
pleted.

Furthermore since it is the playing of the record
which starts the tone-arm cycle, that is, when the
pick-up needle reaches the last groove upon the record,
and this is the same in all changers, it is possible to
select the tone-arm as the key point of observation.
And since when the pick-up needle starts moving across
the record grooves, or is in the first record groove at the
start of a record, most of the parts of the record
changer mechanism are not moving,—this setting of
the changer is the best starting point.

Because the operation of record changers involves a
definite sequence of movement of the different parts,
observation of the motion of the parts must be along
certain lines. First is observation of thase parts which
are moving as the result of the existing motion and
second, is the motion of those parts which are getting
set to perform a certain function later.

For example when a record is being played, there
is no driving force which is actuating the travel of the
tone-arm, other than the fact that the pick-up needle
is tracking in the record groove and as the record ro-
tates the needle follows the groove and the tone-arm
swings with it. However, at the end of the needle
travel, that is when it reaches the last groove upon the

record, the next required operation is that the tone-arm
be lifted from the record. This means that some link-
age, set off by the final position of the tone-arm at the
end of the playing, must go into action. Hence therc
must be some motion associated with the actual move-
ment of the tone-arm in its swing across the record,
which is being set into position to trip when the tone-
arm has reached its furthermost position at the end of
the playing of the record. For example in one General
Industries job, this motion is the gradual shift in the
position of a lever shaped something like a shepherd’s
stick. This lever is coupled to the tone-arm swivel. As
the tone-arm swings, it changes the position of this

lever. Finally when the record is finished, this lever is
in such a position that when the needle gets into the
oscillating groove upon the record, the hooked end of
the lever trips that mechanism which raises the tone-
arm off the record and carries it back to the starting
point.

In another job, one of the RCA units, a lever linked
to the tone-arm swivel trips a pawl, which in turn is
coupled to two mechanisms. One is a cable attachment
which raises the tone-arm; the other is a grooved cam
arrangement, whereby the entire tone-arm is swung
back to its starting point.

Now, the descriptions of mechanisms given here are
not intended as an attempt to describe the entire ac-
tions, but rather to lead up to the statement of how
the observations should be made upon a strange
changer. In other words, commonsense dictates that
it is impossible to follow all movements at the same
time, hence one motion at a time must be observed.
Such is the case in point. . . . Since the end of a
playing of a record means that soon after, either the
record will be ejected or thrown off, or another record
will be dropped into place, certain parts associated
with the ejector mechanism or with the record dropping
mechanism, also are in motion. . . . But these are not
of interest at the moment, for we are still concerned
with what happens to the tone-arm. The motion of
the tone-arm, starting from the first groove in the rec-
ord, across the record during playing, and then raised
off the record after the playing is finished, is just one
half of the cycle. . . . The tone-arm, while raised,
must be carried back to the starting point and again
lowered to the record for a new playing. . . .

It is necessary, as we said, to find out how the tone-
arm gets back to its starting point and is again lowered
to its playing position. When that operation is ob-
served, the study of the operating cycle of the tone-arm
is completed.

We realize solely from experience that such a de-
scription can be presented more rapidly than its actual
fulfillment in practice. . . . It may be necessary for
an individual to watch a half-dozen such cycles at slow
speed before he grasps just what is happening. . . . The
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slow-speed motion can be attained by rotating the
turntable by hand. . . . It may be necessary to remove
the turntable time and again so as to note what has
happened to those parts which may be located below
the turntable. This may be a nuisance, but you just
cannot avoid such manifold operations, for if the de-
scription of the operating cycle is not furnished by the
manufacturer, the serviceman must dig out everything
for himself.

After the parts associated with the tone-arm motion
have been identified, the next item should be the “Re-
ject’” button arrangement. This is the mechanism
whereby the playing of a record can be stopped at will
and the record changed. The reason for selecting this
item as the next in line is because it is so closely asso-
ciated with the mechanism which comes into play when
the pick-up needle has reached the last groove upon
the record. . . . The reject button does the same thing
that is done by that system which is associated with
the tone arm as it moves across the record while play-
ing. In other words, the record “Reject” button does
the same thing at any point along the record, as is
done when the pick-up needle has reached the last
groove in the record. And since the trip mechanism
associated with the tone-arm has been identified, it is
a relatively simple operation to follow the linkages be-
tween the “Reject” button and the tone-arm trip.

While all of these motions are being observed, other
things are happening too, but again we reiterate, that
only one thing should be watched at one time. . . .
Whatever else is happening—let it happen. If you try
to examine two different motions, all that develops is
confusion.

After having checked the tone-arm cycle and the
“Reject” button system, the next system to establish
is that associated with the record drop or record
throw-off, whichever type of unit is being considered.
Since by far the majority of record players are of the
drop type, we might just as well speak about the opera-
tion of the record shelves. These parts, as has already
been mentioned, support the stack of records and slice
off the bottom one.

Inasmuch as this operation must be performed simul-
taneously with the proper movement of the tone arm,
there must be some association between the mechanism
that moves the tone-arm and that which rotates the
record shelves. At the same time, commonsense dic-
tates that the new record cannot be placed into playing
position until after the tone-arm has left not only the
record, but has actually moved out of the way of the
descending record, that is in between the record upon
the turntable and the stack. This means that some-
where in the system, a set of wheels or linkages, which-
ever are being used, are being made ready to swing the
shelves at the proper time. To identify what is hap-
pening, only the record-shelves mechanism should be
observed, nothing else.
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In the event that the changer is of the ejector type,
record shelves are not used, hence the system to be
checked after the entire tone-arm cycle has been ob-
served, is the means whereby the ejector system is
brought into play. This system, like the record shelves,
can come into operation only after the tone-arm is out
of the way, so that two processes exist which should
be looked for. One is what we can perhaps call the
priming system, that is, the movement of those parts
of the ejector system which are being put into operating
position by the motion of the tone-arm before it reaches
its final position and then the actual ejecting process.

Strangely enough, that assembly of levers, wheels,
and gears which makes up the works of a record-
changer unit, has two basic functions: to manipulate
the tone-arm properly and to handle the record, so that
after these two operations have been observed, it just
about covers the lot with one addition, namely the
changeover over from 10-inch to 12-inch records. . . .
If you give this subject a little thought, you will realize
that the change from 10-inch to a 12-inch record in-
troduces but one difference, namely the positioning of
the tone arm when it returns to the record to start a
new playing. In other words, whatever the device
which is tripped by the presence of a 12-inch record in
the stack, limits the distance of travel of the tone-arm
from its furthermost position away from the record
upon the turntable towards the record. When a 12-inch
record is on the turntable, having fallen off the stack,
the travel of the returning tone-arm is shortened by
about 1 inch.

Thus when investigating the action, we seek that
agency which is associated with the return of the tone-
arm to the record as well as the mechanism set into
play by the 12-inch record trip upon the record
shelf. . . .

Summarizing what has been said about the method
of investigating the drop type of record changer so as
to learn about its operation when service notes are
absent, the routine would be as follows, which inci-
dentally applies to other changers as well:

1. Tripping mechanism at the end of playing of

a record

. Method of carrying tone-arm back to starting
point

. Lowering of tone arm and return to starting
point of 10-inch record

. Operation of reject button

. Operation of record dropping mechanism (rec
ord shelves)

. Operation of mechanism which determines
tone-arm return for 12-inch record.



Troubles in Record Changers

The troubles in record changers can be divided into
four parts. The first is that which involves the elec-
trical power system, inclusive of the motor, governor,
and whatever gear-reduction assembly is used. The
second is the electrical system involving the pick-up.
The third is the mechanical system involving the rec-
ords themselves and this includes improper tracking.
The fourth is the mechanical system of the changer
itself.

To list all of the troubles which may be experienced
in these systems is a difficult matter because of a num-
ber of conditions. In the first place, since all changers
are not alike in the manner in which various motions
are accomplished, it is impossible to state in a general
way any trouble which is peculiar to any one unit, for
if we do, it is necessary to take cognizance of how that
motion is accomplished. Therefore, it seems most fea-
sible to depend upon the service notes which the manu-
facturers supply and happily, information relative to
such troubles is to be found in practically all service
notes, even if the operating cycles are not given.

About the only comments that can be made as gen-
eral information are those which refer to the motors
and drive arrangements, the electrical pick-up and rec-
ords. As to motors and drive arrangements inclusive
of the governors, they are covered in another section
of this text. The same is true of the drive arrangements
as well as the governors. As to such things as friction
drive wheels, about the only things that can be said is
that since the drive is by friction, the contact between
the driving and driven surfaces must be dry, so that
proper friction will exist. At the same time it must be
clean for the presence of anything which will prevent
smooth, even turning will be transmitted to the entire
system as a periodic jar. . . . If for any reason the
drive arrangement is not dry and free from foreign
substances, such as grease, slippage will develop and
this means not only a loss of driving power but erratic
operation as well.

Concerning pick-ups, the operating principles have
been dealt with, as have a few troubles, But since the
tone-arm also is associated with the operation of the
pick-up, as is the tracking of the needle in the groove,
freedom of motion of the tone-arm is important with
the further assurance that slippage between the tone-
arm and the action of that device which is set to trip
by the tone-arm motion, does not exist. Also, and
this applies more to home-recorded records than to
commercial records, the groove in the record is what
determines to the greatest extent the ease of tracking.
The grooves must be deep enough to keep the needle
riding in them, otherwise the tone-arm assembly will
slide right across the face of the record or jump from
groove to groove.
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A trouble associated with records and which may
cause a mechanical difficulty by jamming the sepa-
rator knives of the record shelves, is excessive thick-
ness of the record as well as a rough edge. Both of
these troubles are quite common. The rough edge can
be rubbed smooth with sandpaper and the excessive
thickness also can be remedied by sandpapering the
edge so that the shelf knife edge can ‘get between
the records. Another commonplace trouble is chipping
of the records. This is due to bending of the sepa-
rator knives upon the record shelves. The remedy is
to straighten the knives. How these knives are taken
apart is a matter of individual design of the record
changer assembly.

Concerning the mechanical assembly of the record
changer, a few general statements are possible. In
the majority of cases, actual remedies depend upon
the construction of the unit and for this we refer you
to the manufacturers’ service notes.

It is often possible to clear a jam in the mechanism
by rotating the turntable in a direction opposite to its
normal direction of rotation. To do this the power
should be shut off and the turntable rotated by hand.
However, before this is done, it may be possible to
locate what is at fault by the process of elimination,
that is to rotate the turntable (by hand) in the
proper direction, starting at the beginning of the tone-
arm cycle, as previously outlined, and note how far the
mechanical system can function before the jammed
parts stop operation.

In connection with mechanical troubles, it will
prove valuable to remember that mechanical problems
are not like electrical problems. . . . The defects are
visible. And as far as defects are concerned, they in-
variably are of certain types, depending upon the
kind of mechanical device involved. . . . For exam-
ple, in the case of gears which are supposed to mesh
and turn, gears which are too loose may jam just as
readily as gears which are too tight, because the loose
gear may get out of line. Gears with burred edges
and broken teeth will jam. If lubrication is required,
the lack of it may freeze a gear.

If a lever is connected to a pin set into one of the
gears, the condition of this lever may stop the gear
from turning. The lever may be bent out of line or
it may have risen slightly from its normal plane and
in that way is applying a force that is out of line with
what it is supposed to be. If levers are moved so as
to trip a stationary pin or a rotating pin a number of
conditions may contribute to the failure of the lever
to contact the pin. Either the lever or the pin may
be bent out of line; the end of the lever which con-
tacts the pin may be worn away sufficiently so that
the contact is not firm enough to trip the mechanism,
but instead slides off. It is possible that whatever
rotates the pin into position to be tripped by the lever



is being delayed by friction and does not meet the
pin at the right time.

In all of these operations it is important to remem-
ber that when a changer is being checked, its position
may be correctly level, yet when the changer is in-
stalled into its normal place in a radio receiver, it may
be out of line, so that some part which may be loose
is permitted to swing out of correct line and thus
cause a jam.

Springs are quite common in record changers and
defects may be due to improper return of these springs
to their correct condition, at rest or when stretched.
Granted that the amount of tension applied to these
springs is not supposed to be enough to affect the
performance of the spring, the fact remains that it
often does.

Push rods which are force-fit into place often come
loose and if tripping devices are either attached to
them or associated with them, any tendency for this
rod to turn, may so displace that point which acts
upon the tripping device, as to miss engaging the trip-
ping device completely.
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Of the most important considerations of mechanical
devices is not to force motion in the device in the
direction it is supposed to move. If this is attempted,
some kind of damage is inevitable. In isolated cases,
it may free the trouble, but this is rare indeed. . . .
In fact mechanical devices should never be forced. . . .
Just remember that during normal operation all parts
of the changer function smoothly and evenly and that
if forcing is necessary, something is wrong.

Last, but by far not the least, always bear in mind
that certain parts of rotating or sliding machinery
must be lubricated—not all—just some. . . . The cus-
tomer as a rule forgets all about this during the time
that he has the equipment. He thinks about it after
something has gone wrong. . . . Lubrication is such
a simple matter that most of us are prone to over-
look its necessity, particularly when we hear of such
things as “it need not be lubricated for 500 hours.”
.. . Yet lack of lubrication is one of the most com-
monplace causes of troubles. . . . Make certain that
you check the points which have to be lubricated in
accordance with the manufacturer’s instructions. . . .
Don’t lubricate friction drive wheels !



Chapter IV
RCA Model RP-152-C Record Changer

The cycle of operations of a “drop” type record
changer can be roughly divided into these phases:

Lifting pick-up from record upon the completion of
the reproduction

Moving pick-up away from turntable

Separation and release of bottom record from stack
on shelves

Return of pick-up to turntable

Lowering pick-up to first groove in newly dropped
record

It should be borne in mind that while these phases
can be considered as being separate and distinct, yet
more than one may be occurring simultaneously. For ex-
ample, while the pick-up is being moved off to the side
from beneath the stack of records, the shelves support-
ing these records have started to turn preparatory to
slicing off and dropping the bottom record at the proper
instant when the pick-up is clear of the descending rec-
ord. In the following series of photographs you will
see how some of these phases of the record-changing
cycle overlap, yet because one part of the mechanism
may be jammed or out of adjustment and so affect just
one of the phases, they may be considered separately.

This particular “drop” type record changer was
chosen for analysis inasmuch as it is typical of many
now in the field, as far as the record-changing phases
are concerned. It will also be found that its record-
changing mechanism will be alike or very similar to
many that you are called upon to service. True, you
will find variations in regards to motors, turatable-driv-
ing mechanisms, and in the levers, cams, pawls, etc. of
the changer itself, but taken by and large their func-
tions are similar to those described pictorially below.
Once the functionings of the different parts of the
mechanism of one of these changers are understood, it
is logical that you should have an easier time diagnos-
ing troubles in others.

In order to get a general picture of the functioning of
the record changer as a whole, let us first run briefly
through the several phases. The pick-up, starting at
the outside groove of the record, is carried towards the
center inasmuch as the record groove is a spiral. When
the pick-up has arrived at the inner groove, a lever at-
tached to the shaft of the tone arm carrying the
pick-up, has shifted from its initial positicn so that it
trips a release that starts up the record-changing cycle,
the mechanism of which has been idle during the travel
of the pick-up across the record groove.
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As the tone arm has to be moved off to the side of
the turntable out of the way of a descending record
fronr the stack supported by the shelves, it is raised up
off the record by means of a wire cable running through
the hollow pedestal on which the tone arm turns. This
pedestal is turned sufficiently so that the tone arm is
swung off to the side. While this is occurring the two
sets of shelves, supporting the stack of unplayed rec-
ords, begins to turn and by the time the tone arm is out
of the way, the upper pair of shelves has “sliced” off
the bottom record which slides down the spindle onto
the record that was just played.

Now the pick-up, still above the playing surface of
the new record, starts back towards the turntable and
stops just over the outer blank strip onto which it de-
scends. While this is occurring the record shelves have
been turning back to their original positions, support-
ing the stack of unplayed records on the upper shelves.
The pick-up is slid across the blank space of the record
into the outside groove by means of a spring that ex-
erts just enough force to effect this short slide and no
more, because if too much force were exerted by the
spring the pick-up might jump the first two or three
grooves.

The particular record changer described below is
designed to play either 10- or 12-inch records, accomo-
dating 8 of the former or 7 of the latter. (The manu-
facturer does not recommend that the two different
sizes be played in mixed sequence.) The above descrip-
tion applies to the smaller diameter record. It can be
seen that in the case of a 12-inch record, the pick-up
must be returned to a point approximately an inch
further away from the center of the turntable than
when a 10-inch record is to be played. This change of
initial placement is brought about by a tripping lever
projecting up from the motorboard at the side of the
turntable. This trip is of such a size that a 10-inch
record misses it when it is descending from the record
shelves onto the turntable, but the extra inch radius of
the larger size record engages the trip on the way down
and pushes it away from the turntable. The new posi-
tion of the lower end of the trip under the motorboard
limits the travel of the mechanism that controls the re-
turn of the pick-up to the record’s edge, so that the
pick-up descends to the record sooner than in the case
of a 10-inch record. The trip or locating lever remains
in the extended position during the playing of the rec-
ord and returns to its normal position during the early
part of the succeeding record-changing cycle.



As far as the adjustments of the record-changing
mechanisms are concerned, they are slightly different
for individual changers and will be found covered in
the service data contained elsewhere in this book. Here
we are interested mainly in the functioning of the
mechanism itself. You will see that some of the follow-
ing illustrations are paired: one view of the bottom of
the motorboard corresponding with certain positions
of the tone arm and record shelves during different
phases of the record-changing cycle. From these you

can obtain an idea of just how the different levers,
cams, pawls, etc. shift or are shifted throughout the
progress of the cycle as outlined in the above para-
graphs. Of course, if you have a record changer of this
type “in the flesh,” so much the better. Then you can
place the pick-up near the inside end of the groove of a
record on the turntable, which can be slowly turned by
hand, and watch the mechanism while comparing its
progress with the illustrations below. This is an ideal
way to get a complete picture.
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FIG. 1. The pick-up needle is in the outer groove preparatory to
the playing of the record. The record supporting shelves are in
their normal position to support a stack of 10-inch records. This
is check point No. 1.

FIG. 2. Bottom view corresponding to Fig. 1. The following

parts of the mechanism are actuated by the moving of the tone
arm, attached to the hollow shaft 6, towards the center of the
record: lever 20; link 20-1; friction clutch plate 5-1, and trip
finger 7. This is check point No. 1.

L

FIG. 3. The pick-up is here half way across the record. This is
check point No. 2.

FIG. 4. Bottom view corresponding to Fig. 3. The following
parts have moved to new positions: 20, 20-1, 5-1, and 7. Compare
these with their positions in Fig. 2. This is check point No. 2.
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FIG. 5. The pick-up has reached thz end groove of the record,
which shifts trip mechanism (see Fig. 6) to start record-chang-

ing cycle. This is check point No. 3.

FIG. 7. Start of vertical motion of tone arm to lift pick-up

from the record. This is check point No. 4.
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FIG. 6. Bottom view corresponding to Fig. 5. The trip finger 7
hias shifted trip pawl 22 into tripping position through friction
clutch (not shown) on upper side of friction clutch plate 5-1.
This is check point No. 3.

FIG. 8. Bottom view corresponding to Fig. 7. Trip pawl 22 has
been turned further by the tripper dog on motorboard side of
main gear 42 which is continunally revolving. Pawl 22 shifts
main lever 15 so that cam-follower roller at end of 15-R enters
cam slot on 42. The arm 15-14 frees latch 14-1 and arm 15-C
starts to pull back on lever 16, to which is attached the pick-up
lift cable 2. This is check point No. 4.



FIG. 9. Pick-up at top of its lift. The record shelves have par- FIG. 10. Bottom view corresponding to Fig. 9. Lever 16 has

tially turned. This is check point No. 5. moved to extreme right, having thus pulled pick-up to its maxi-
mum lift by cable 2. Arm 15-5 contacts stud pin 5-5 on plate
6.1 which shifts the tone arm away from the center. The end
arms of the main lever 15 pull back on the toothed links 40 and
41 and so actuate the gears 10 that turn the record shelves.
(See also Fig. 21.) This is check point No. 5.

FIG. 11. The tone arm has traveled about half way to position FIG. 12. Bottom view corresponding to Fig. 11. The friction-

shown in Fig. 13 and it is still raised above the record. The rec- clutch plate 5-1 has been pushed partially outwards (thus mov-

ord shelves have turned further. This is check point No. 6. ing the tone arm) so that pin 5-14 becomes latched to link 5-1
by latch paw! 14-1 and so with locating lever 14. The record
shelves have been turned further by the inward movements of
the toothed links 40 and 41. This is check point No. 6.
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FIG. 13. The tone arm is now entirely out of the way of a
record that has dropped on to the spindle from the lower of the
pairs of record shelves 27, which are here at the end of their
travel. When the record falls from the lower shelves, the rest
of the unplayed records are supported by the upper halves of
the shelves 25. This is check point No. 7.

FIG. 15. The tone arm has returned to a position just over the
outer rim of unplayed record. Record shelves have just started
to return to their normal positions. This is check point No. 8.
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FIG. 14. Bottom view corresponding to Fig. 13. The friction-
clutch plate 5-1 has been moved to the end of its travel, thus
shifting the tone arm to its extreme outward position. The lo-
cating lever 14 is pushed in the same direction by the pin 5-14,
The trip finger 7 has returned to its outer position and trip
pawl 22 has been returned to its original position by the main
lever 15 pushing on the pin 22-5. The record shelves have been
turned to the end of their travel by the rack gears and pinions
40 and 41 and 10. This is check point No. 7.

FIG. 16. Bottom view corresponding to Fig. 15. The main lever
15 has started to move back, retracting arm 15-5 from the stud
pin 5-5. The tone arm, still held above the record by the tension
of lift cable 2, has been returned by the locating lever 14 being
pulled by spring 35. Lever 14 moves clutch plate 5-1 inwards by
latch 14-1. Links 40 and 41 have started to move back and so
turn the record shelves. This is check point No. 8.



FIG. 17. The pick-up now rests on the outer ungrooved surface
of record. Record shelves are about half way back to their nor-
mal positions. This is check point No. 9.

FIG. 19. The pick-up is now in the first groove of unplayed rec-
ord. Record shelves have returned to their normal positions,
with the remainder of stacked records supported by the lower
shelves and the upper shelves clear of the edge of the bottom
record. This is check point No. 10.

FIG. 18. Bottom view corresponding to Fig. 17. The main lever
15 has been moved further. The pin 15-2 on arm 15-C has re-
leased lever 16 which takes tension off the 1ift cable 2, thus al-
lowing the pick-up to return by gravity to surface of the record.
The record shelves are being returned towards their normal po-
sitions by the action of 40 and 41. This is check point No. 9.

FIG. 20. Bottom view corresponding to Fig. 19. The main lever
15 has returned to its out-of-cycle position, being pushed beyond
the cam by the projection of the cam at the end of 15-R and
lield there by the spring 43. The arm 15-R holds latch pawl 14-1.
The starting spring 26 causes pick-up needle to travel across the
outer blank space of record into outside groove. Links 40 and 41
have returned to their normal positions. This is check point
No. 10.



FIG. 21. The po-
sition of the rec-
ord-discriminating
lever 17 determines
whether the pick-
up returns to the
rim of a 10-inch
record or a 12-inch
record. The spring
28-V is partially
removed to show
the step end, A
and B, of 17, and
the latch pawl
17-V pushed up.

FIG. 22. The lever 17 is in the vertical (10-inch) position. Pin
V, on the turned-up end of 14 (see Fig. 14), passing above the
latch pawl 17-V, on lower end of 17, as it nears upper step A
on 17 just before pick-up is lowered onto record edge near the
eud of the cycle. See Fig 16.

FIG. 23. The lever 17 is
in the slanted (12-inch)
position into which it
has been pushed by a
descending 12-inch rec-
ord. The pin V is pass-
ing under latch pawl
17-V which it pushes up
as it nears the lower
step B in the same part
of the cycle described in
Fig. 22.

T

FIG. 24. During the
phase of the cycle cov-
ered by Figs. 11 and 12,
the pin V on 14 slides
along the end of the
latch pawl 17-V as lever
14 begins to move away.
This causes a downward
force to be exerted on
pin 17-2, which shifts 17
back into its normal ver-
tical position. This view
shows 17 about half way
back to this vertical po-
sition and pin V nearly
disengaged from 17-V.
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FIG. 25. Bottom view when manual index lever is set for 12-
inch records. Compare the angle of lever plate 12 with its posi-
tion in Fig. 20 and the relative positions of the eccentric stud
E with locating lever 14. The movement of 14 being limited here
by E, brings the pick-up needle down on the rim of a 12-inch
record, instead of when 14 is controlled only by 17 (Figs. 18
and 22) when pin V stops against the step A (Fig. 21) and the
pick-up travels further towards the center and stops on the rim
of a 10-inch record.

FIG. 27. Bottom view when manual index lever is held in the
“Reject” position, so that a new record will be dropped onto
the one on the turntable before the latter has been complezely
played. The curved arm 12-1 of 12 moves against pin K on trip
pawl 22, which is shifted into its trip position, so that the trip-
per dog on the upper side of the main gear 42 will start the
record-changing cycle. The spring 12-2 forces the plate 12 back
into the 10-inch position when the button on top of the motor-
board is released. This spring also holds 12 in any one of the
other three positions.
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FIG. 26. Bottom view when manual index lever is set for “Man-
ual” operation. Compare position of ‘plate 12 with Figs. 20 and
25. Stud pin 12-19 releases lever 19, which is pulled by a spring
(not shown) so that its long side swings up against the pin on
trip pawl 22 locking this in its out-of-cycle position.

FIG. 28. This shows the tone arm in the rest position with the
pick-up over the needle cup. The record shelves have been
swung outwards manually so that the played records on the
turntable can be removed.
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MODELS RA6, RAlO

212RC
212RP

MODELS 16RC,

DAVID BOGEN CO,, INC.

MODELS 16RP.

*odfq di1s ouae seBuiy eyy 6w ‘uedoad eswd oYy woaj pejsaedes

LTeuatjue eq Lww juUogy STYJ *€580 oYl jo juoxJ BujBuims oyj uo emeaos Bujjunouw
Janog eyl Fujaowex ueyi ‘d eanBIJd UT UMOUE B4OH00F oYq Bujaosuucosip £q
pesowsa 3q L£T7ewse Lsvw 97 ‘aejyyrdws eyy 90JAJes 03 Lawsseoeu ewodeq 3T pPINOUS

cze7y1Tdme ey3 a6j jueweBusvsaw 38006 pus Fntd

oy3 sv TTem 8% ‘seqny osey3 Jo uoijjsod eys emous H sanBrg ®quemseosTded Jo0
3667 J0J ©TQ]E50008 mou ad® £eqny [TV *FeBuUlY B3] U0 pasmio Buimse 03 I6TJF
~Jrduae eyj EMOTT® ‘quoal oy3 Iweu ‘es8D 6U3 JO SHJIS OY3 UO SMGI0E OM] DUB
‘1eusd Toaquod eFuBT 9Yg Jo sJouxoo xoddn eyg uj Smodos omj Bujaomey °*wojjoq
eyq uo peBulY ST U2 JUm ‘OFBO eYjq JO qUOdJ 8Yj 0q peuslsvy 8] JoyJirdws eyl

*os op 03 Kaes

-8909u swooeq 37 pinoys ae3JjiTdws eyl uUj seqng oYyl o9 £680008 Asve puw HOTnb
9AT8 01 s® os pouBjsep Ueeq ea¥Y DHQT PUB DYITZ STGPOR UOFIBUFQEOD OYJ
~3830N eojaleS

.
9

ean874 UT pessaisni1} e dnjes srqeszaod eyz Jo uojjwzedo eyq uy Ljeajzue ezl
ul pesn eq Lvw STU3 pus 9 eFed UOC H0OQ UOTFIONIFSUT BIYJ UL POQILOBEP BF

37um uojavujquoo e3eTdwoo eyz jo uoijzseaedo oyl °swejsds Bujprooea e3erdmod
DYOT X0 JDHSTIZ ST9POW DPJIEDUBLE oYq 09 JueTeBATnbe 87 Jepaovex erqweisod JHOT

20 d¥2T2 STOPOR OU3 Jeyiie pus JelJiTdws OTVH T6POK oY3 JO UOT38UTQUOD &Yl

*DPXg-T “D9N9-2 ‘D8D9-2 ‘Dgdo-T :pesn seqny

*goToLo 09 ‘DY B3TOA
LIT uo ‘sjgem gy jo uolzdummsuoo aemod v #wy a63F7Tdwy Buyprooey OTVH oul

*£1300a3p oujy Ltdduns

oV ey3 03 sgoeuucd xefjirdwe oyg pus ‘aejgrrdws oyj uo a1ov3deded eys ojug
g8n1d eTqwD QV 48pL0Osd oYY 98BYJ 390U OE8¥0Td *UOTIBIFSNTTT Y3 U Pexasm
£7a8670 ou4¥ SUOTZO0UUCS LF6Y3 pus L8TJTTdwe ey YITM DPOUSTUIN] 8d¥ S561qed eyl

“aeTITT
~dwe Buipaoosa OTYHM TOPOK oWl U3ta uolzounfuocd uj pesn ueuysm JugT Pue Ju312
STOPON Baepaodsa eTqejuod 6yj3 J0J S6TQBO PUB SUOTJOGUUOD 8YJ EMOYS H eanBid

-10TVY ®838J DPU¥ FUO}300UUCD 163 J] 1ALy

‘oipea 10J 88 BuTpaooea Yi3Tm Jujpeecoad pus xoe[ Buraqnp eya ojuy
(eouspeduy yStH) ydsaBouoyd Twuzegxe ue Buyd3nid £q peqqnp eq few paodsx v

‘uU0T1068 38Y3 U] POQILOE6D B8 JUTpIoded Y3Tw Peedodd *,0Uoydod O WOlJ DPROTEY
oJ, Jepun pPeqiaossep se [easl BujpLodod zodoad xo0J 3sufpe pus UOT4E4E DOJIESD
0q oyped eumyg *uoijisod ,prodey, 03 UOJIME .DIoooy~-LeTd, uang %08l sIUg
ojuf g2esuf pus Bnyd euoydetel Aasuipgo o3 Jgo8odSPNOT OFPBL JO TFOD 8970A
moay seljs oml joeuwuoy ‘*Fujuedo eqniy oU3 JO 3JOT eyl o1 Teusd sy3 U0 PePTA
~oad 51 How®{ anduj TeuIe3Xe uUs ‘pPIOOSGI J6YjOUB QNP_09 JO OFPBJI WOLJ DIOJ6L Of
-:7ujqqng J0 BUTPJLod6Y OTDPBY

+£1uo Bulpaooes uo gng ‘RAowalerd uo qeqe7dex jqou [TIM 1898m oYy

*eTgqBIUING
U3 U0 MBJOE SATJID 30BJJO ouj eaocwed ‘pefsld eq 03 S PI0VSd [BIOJLBWMOD ¥ JT

*zoxeeds TBUJLOZUT OY3j

Jno qno ALTreo(IEWOINE TTIa sjul  *Bujuedo oqny oug Jo 3uBix eyg og Teusd oyus
uo pepjacad yoewf eyz ojujy 37 TFujjzaesu] pus spwel Ie¥weds eyz oj In1d v Buy
~q00uuoo £q gexweds TBUJLejU] oY3 Jo 998Td uj pesn eq Lwvw zoxveds TBUIEIXS UV

*{eA0T podisep o3 dn
[023U02 ,emnToA, 16en{pPs pus UO UYOJTME Jojoul udan] °*Pejauls SBM Buipaooea edeym
quiod 39 paodoex uo dnyofd edeld pus dnyotd xwowqfetrg up eoTpeeu Buipfeid jaesur

*teuwd jo 3udix xeddn uo
wosf ogqul Bui8snid £q- seuoydaee Uyl s euop eq Lvu Buppaoosd BFuianp Bupaold Juok

exoTjouoyd yjte Lave8006u jcu s uorgnedsad STYL "eTqvW

-weTJUT ST 37 68 ‘JeuTw]UOO [Blew ¥ U] pwaIy3 Jo Buisodsip frTeEQ B 03U} TYOJ
pUB PI0OOOL WOLJ PBOIY]F 3NO 300T[00 JBUTDPIOO6L I03JY *Msud6 peeT BujSsuep
pIoA® 03 uoj3fsod T®3UOZTIOY U] 6] JOA6T [OJJUCD 6ane eysu oFvjaswd BUIpIIs
exoJod *3uSTL ey3 uo 3s0d 38ax 03 I6A0 3T BUuTmME pus Juvgssod 3JIT ‘Jjo

o3 IMe Jojom uang ‘I8QES0L0 jo 3JoT emeddxe o3 oF¥wjaaso epTIS ueyl ‘uoil
~jsod TB3UOCZIJIOY B3] OF OE[MNOOTO I83UNOO Y0BQ JI6AeT Uy ‘Buppaodsa ydnoays
uoeym (* 8juemasnfpy, 03 Lejea ‘*o3e fano jo yadep 203 siusmasn{py 104)
*ZTM0Tf JOAET [0J43U0D JOMO *mados pueT ey3 Jo psauays euc dids Lsm a8wjaged
oyy pus pofwwep eq Lww pJooes JusTq eyj ‘ATpidea pesemol &7 Jeaer JI °do3s
1INJ 637 03 TWMOD ABR oU3 [18 JLOpPJO0aY U0 JeAdT TOJIJUO) UOT3OY THNJ J5M0T
L{moTS *,p20oed oJ, udexBsaed Uy peqiuosep 88 Fujpaodss 20J Lpves 388 S
oBeTuaa80 POy Fulqqnd eans exewm ‘pPeUWIe]ep ueeq §BY T0AeT FurplLodasd ae3JY

*euwt]
fuy 98 ,0, °a0oqs Buime jou pInoys erpeeu oYL *sxved umwixww JI0J OT6OE OUZ
uo ,0, 01 8Bulms eTpPesu eyl TJIUN TOIJUCD ,6unTOA, 6YJ |oUBADY *ou0j Teuw

SI5U ® ujy x¥wveds myy eawy pus Fulploosa eyj Buldsw uosged eyz saojeq suoydos
-ofu 0owTd TeAel uodoad eujwmrelep O °*J036w OY3 U0 9TPeeu eyjz Jo Buims eyl
£q Pe3wOIPUT ST YOTUs TeaeY Buipaooea xedoad ey3 o3 [0I3ucd ,emnrop, uwang

*uocjqisod ,,paooey, Ul UOFTME ,ABTJ-PI008Y, 89BId

*pusq KLouenbedy eafjuse 8Y3 PI0IaIL 0F
TeT3uUesse 87 37 68 ‘Buppaodea uy erqwaejeld sT puw uofizrsod JUBITITTLQ oUd
BT BTUJ ®UOT306XTp O5TMNOOT® ¥ Uf UF1a oyj 03 uo TTnJ T[oI3U0D ,8U0f, U]

*paooed

*pasey s} HoTT° ® 113

03 £psea Tjjum ‘aeAemoy ‘umop TO23UO0D :osaﬁo>$ deey s I
ujqwjod Aq uo Jetyyrdus uanl

-UTL. UOT3064TP OFTM00Td 8 U T0I3U00 ,eumTIoA,

‘umoys 68 E9TQBEO

»tousd jo 3Je{ <eddn uo pepjaoxd x0306uUuUCd 03 suoydogojwm 308UUODH
*uotadiaosep_s u [Bb:] 04 J0Je

-T6Uoyd oL WOJII DPJIOOOH OF

=TJepaooey puUs JAefJridwy gvd Jo uojjweaded

118 406uUuo)

*OPXg-T ‘D9T9-T ‘9g¥9-T ‘Dur9-T- ipesn seqny

*g8oT040
09 ‘v B3TOA 4TIT ue ‘sijem o, Jo uojjdumsuoco xemod B ewy IoTJTIAWS gV UL

*pepjacad eTqsd OV oYl Jo suwem £q ouTT

£1ddne 9y ey3 oq sjoeuuoco JepJyrduws oys puw JeyJrTdwe eUg moaJ xemod 53T 69ATED
-6Jd JOPJIOJEI OYJ, °J4ePlo0ed eYj3 03U PO3resul edw yotusm ednid om3 o3 eejsaedes
oTQBo Oyl °xojJTrdum eyi 38 Pejaesul eq 03 S YITym Intd euo 03 Psutof eaw
zefgitdme gyd eyjz Y3 Ta peysjuang eTqso dn Hojd pue eTqwd pwEOY JUTIIND 6YL

a8ty

-3Tdwe Bujploooed 9VH TOPON 6U3 U3 T4 uoy3ounfuoo uy pesn usym ‘Jy9T PUs JUZTZ
8TODON ‘Buaepuo0ea eTqezlod oYy 20J EOTQRD DU® SUOFJ06UU0D 6U3 eMoys 4 eandid
-i9Vy B48(J DU® BUO}408UU0) JejFTiduwy

qou pus qndut ex{lw eyz 03
euoydoaotm ® Bujasy ‘edLy
dnyo1d nosvghstd ououd eyl

*s8w38 ouoyd ey o9
euoydoaojw 8 X pejosuuco eq prnoys pus gndine
ojuoyduls oY} JO s Jepaoded oyl yjzia pettddns

*gBuypuaoosa pood
I0J T®jjuesse S} #eujl ssoyj Juols Bujjuewisedxe 633FT ¥ pus #0TToJ 03 dn
Ro7d ey3 Lo eTqiesod sF 3T % AT3UBTT 88 4n0 03 OTqEETADP® §] 37 ‘Buliwads

LyTeaeuep °*Rowq peferd ueym Buryosay gedoad eamsup 03 Ydnoue deep eq pinoys
YUV QU3 ‘J0AeMOY !BBUTDIOORI J16336Q UT 4INSex TTI4 pus pwey Jujjzanc eyz Jjo
uotjom eyj o4 juemtpedwy E86Y JX6JJO TTTM 4nd AUBIT ¥V "IT¥Y 08IBOD JO SBEQU
-AOTU3 OU3 3noqe oq pinoys sBUTABYS Oyl 38U3 308J OUJ UBU3 Z6yjo 3no Jo yzdep
ey3 03 8 UGAT8 0q UBD SUOF4ONJIZBUT 63TUTISP OU 3¥Y3 pedequemed €q PINoys 3T

©John F. Rider



71

ISSUE A 1941
SERVICE MANUAL

CONTINENTAL RADIO & TELEV. CORP. MODELS RC50, RC51,

RC52, RCSE3

RECORD
CHANGER

SETTING

Briefly, the Operating Instruction Manual as sup-
plied to the customer contains the following:

MOUNTING

The changer is held solid by three channel shaped
nuts under the changer. Loosen, three complete turns
only, but de not remove. Tighten again for reshipping.

CAUTIONS

Either twelve 10” or ten 12" records, not intermixed,
may be played. A starting groove or eccentric inside
groove are not needed for automatic operation.

Do not use force to start or stop changer mechanism.

Do not leave records on supports when changer is not
being used as they will warp and cause trouble in
changing. Keep all records in albums.

The last record in the stack will keep repeating until
the changer is stopped.

The needle should never require replacing with nor-
mal use—Never drop the needle—Never remove and
then replace the same needle.

When the pickup (9) comes to the end of the record,
screw (55) on the pickup mover arm (54) pushes
against the trigger bracket (35F) at point (X) start-
ing the change cycle. This could also be done by turn-
ing knob (12) which causes lever (52) to push bracket
(356F) at point (X).

This releases starting bracket (30) at point {Y) and
allows (30) to protrude at point (Z), thereby becoming,
in effect, one of the missing teeth in the large gear
(35). The motor is constantly revelving the turntable,
pinion shaft (21), and pinion gear (21B) at thke tooth-
less part of (35). When bracket (30) is released it
engages a stud at the bottom of pinion gear (21B),
starting the large gear (35).

As the large gear (35) begins its one revolution for
a complete cycle, the raising pin (60) is pushed up by
the outside ridge o1 gear (35) to remain there keeping
the pickup above the record surface, until the cycle is
finishing when the pin (60) is allowed to come down.

As soon as the pickup is above the surface of the
record, the roller of mover arm (54) is pushed by the
cam on (35), to move the pickup out beyond the edge of
the record.

At 13 rotation of gear (35) the end of mover arm
(54) enters the outside groove of the cam on {35) and
also the end of the “Z” lever (63) is beginning to be
pushed by pulley (35C). This “Z” lever (63), from
% to % rotation of (35) is in the process of turning
135° and then back, shaft (4E) in the record holder
post (4). As (4E) turns, its cam top pushes the record
remover (4F) toward the spindle and thereby pushes

OPERATING INSTRUCTIONS

The top of the record holder post may be turned to
either the 10” or 12” position. When the record holder
clip is snapped toward the center, the changer is set to
play the size record indicated on the clip.

LOADING

The records are placed over the center post, resting
on the offset of the post, in the center, and the record
post on the outside edge. Snap the clip down on top of
the stack of records.

STARTING

Turn knob to ON position, after changer has at-
tained speed turn the knob to REJECT position and
release, the entire stack of records will then play
through.

REJECTING

Turn knob to REJECT and release.
done any time a record is playing.

UNLOADING
Turn knob to OFF, remove center post by pulling up,
remove records, reinsert center post, turning until it
drops into place.

This may be

THE CHANGE CYCLE

one record off the edge of (4B) and allows the record
to fall on the turntable.

The % remaining distance that the large gear travels
is used to bring the pickup (9) back to the edge of the
record and set it down at the correct place for either
a 10 or 12 inch record.

This is preset by turning the post (4) which rotates
size cam (40) to either the 10 or 12 inch position,
locked in place by the pressure of the detent spring
(44). As this cam is rotated, it pushes the size lever
(73) to either of two positions, and by means of its
funnel shaped bracket at the end, guides the size switch
(33) on the revolving gear (35) to the proper position
opening either the 10 or 12 inch track and, therefore,
directs the roller on the mover arm (54) to travel the
correct track on the gear cam (35) setting the pickup
over the proper place on the record, 10 or 12 inch.

Also, in this final %4 revolution the starting bracket
(30) is being moved back to its starting position by hit-
ting the reset piece on the separating plate (36).
When (30) is moved back, it is again caught at (X)
by trigger bracket (35F) ready to be released to start
a future cycle.

As the larger gear (35) is approaching the comple-
tion of its one revolution, the pickup lift pin (60) is rid-
ing down the cam track and allowing pickup (9) to
set down on the record.

Just as the gap on the large gear (35) meets the
pinion gear (21B), and (35) stops, the detent spring
(75) snaps against roller (35C) and holds gear (35) in
this position completing the change cycle.

{©John F. Rider
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MODELS RCS50, RCS51,

RC52, RCH3

CONTINENTAL RADIO & TELEV. CORP.

SERVICE ADJUSTMENTS

IF CHANGING CYCLE FAILS TO STOP

With the center post (3) out remove the large nut
(2) in the center of the turntable (1) and lift off the
turntable. Loosen the two screws (23) this will free
the large cast gear (35). Push these screws to the point
where the small gear (21B) is free in the blank part
of the teeth in the large gear (35), but as far as
possible from the starting teeth of the large gear when
it is in the locked or stopped position. Tighten
the screws (23) in the slots firmly and re-assemble the
turntable and nut. Check and see if the starting lever
(30) on the underside of the large gear (35) is cocked
by trigger bracket (36F) when the large gear makes a
complete revolution. If not, check springs (35A) and
(35B). Spring (356A) pushes lever (30) to the
engaging position when released by trigger bracket
(36F) held against lever (30) by spring (36B).

PICKUP ARM ADJUSTMENTS
VERTICAL MOVEMENT
To adjust the height of the pickup arm (9) turn
the knurled screw (9I) on the underside of the pickup
arm (9) directly above the pickup arm lift shaft (60):
Turn the screw (9I) counter-clockwise to raise the
pickup arm, and clockwise to lower the pickup arm.

HORIZONTAL MOVEMENT

If the pickup arm (9) does not come down on the
record so the needle first touches the record about %
inch from the edge, an adjustment is required. The
inside part of the large gear (36) has two tracks, the
inner one for-ten inch records and the outer one for
twelve inch records. It is only necessary to set the
pickup (9) for one size, either the ten, or twelve inch.
Turn the large gear (35) around until the roller pin
in the mover arm (54) is just about to leave one of the
tracks. If the pin of the mover arm (54) is in the
inside track a ten inch record must be on the turntable
and if in the outside track a twelve inch record is
required. Now loosen the two screws (57 and 59) that
secure the pickup arm shaft (9D) to the mover arm
(54) and turn pickup arm (9) to correct point. Tighten
screw through the slot first (59) and then the set screw
(567).

The pickup arm shaft (9D) has a small spring (58)
fastened to it underneath the changer to push the
needle over into the first groove on records without a
starting groove. The force the spring (58) exerts is
adjusted by moving the hook in the end of the spring
(68) to another hole in the hook plate (62). Facing
the underside of the changer with tﬁe plate (62) in the
upper left hand corner, moving the hook in the spring
(68) to a hole to the left will increase the tension,
to the right will decrease the tension. If the needle
jumps several grooves when pushed over the spring
tension is too light, while if the arm does not move
all the way over to the first groove more spring tension
is required.

TRIP ADJUSTMENTS
The position trip adjustment is a screw (55) located
near the end of the mover arm (54) underneath the
changer. To trip earlier turn the screw (55) clock-
wise, to trip later turn the screw counter-clockwise.
Lock adjustment with nut (56).

RECORD HOLDER POST ADJUSTMENTS

With the changer properly loaded the bottom record
on the stack should rest for about v to #% of an inch on
each side of the top (4B) of the record holder post (4),
if not adjust as follows: With the center post (3) out
remove the large nut (2) in the center of the turntable
(1) and lift off the turntable. Loosen the two screws
(18) in the slots in line with the record holder post
and the center. Push the screw heads (18) the required
amount toward, or away from the record holder post
(4) and tighten the two screws (18).

The top of the record holder post (4) is fastened
by the shaft on (4A) inside the post to the size cam
(4D) underneath, which has two rectangular holes into
which snaps a spring arm (44). The pressure this arm

(44) exerts on the above size cam (40) may be adjusted
by the screw (45) which presses against the arm (44)
The arm (44) should press firmly against the size cam
(40) so it will snap tightly into either of the two holes
When the spring arm (44) is in the rectangular hole
farthest from the outside of the size cam (40) the top
of the record holder post (4) should be in the ten inch
position. If the screw (45) is too tight it will be har¢
to turn the top of the record holder post (4). The siz
cam (40) is fastened to the shaft of (4A) inside th:
record holder post (4) by two hex head set screws (41)

If both sides of the record pusher (4F) on the top of
the record holder post (4) do not push against the lower
record at the same time, loosen the two hex head screws
(41) and turn the top of the record holder post (4)
sl4ig;1tly to the proper position. Tighten the screws
(41).

SETTING FOR 10 OR 12 INCH RECORDS

The edge of the size cam (40) pushes against a
knurled screw (71) on size change lever (73). vhis sets
a switch (33) on the cam part of main gear (36), for
the pickup (9) to drop for either a ten inch or twelve
inch record by causing pin in the arm fastened to
the mover arm (54) to travel through one of two tracks
in the inside of the large cast gear (35). After adjust-
ment is made tighten the lock nut (72) on the knurlec
screw (71).

RECORDS FAIL TO DROP

If a record fails to drop during a changing cycle,
but the record pusher (4F) on top of the record holder
post (4) is operating and the adjustments under
““Record Holder Post” are correect, proceed as follows:
Set the large gear (35) in the locked position and the
top of the record holder post (4) in either the ten inch
or twelve inch position. Loosen the single hex head
screw (70) which secures a “U” bracket (69) to the
inside shaft (4E) of the record holder post (4) under-
neath the changer. Turn the shaft (4E) slightly until
the sides of the record pusher (4F) are about & of an
inch back of the edge from where the records drop.
The hex head screw (70) should now be firmly
tightened.

While the large gear (36) makes one complete
revolution, during a changing cycle, the pusher arm
(4F) should extend past the edge from where the
records drop, and return.

NOTE I
50 CYCLE OPERATION

If operation is desired on 50 cycle current, a small
spring (15), see parts list, must be added to the motor
shaft in the following manner:

With the center post (3) out, remove the large nut
(2) in the center of the turntable (1) and lift off the
hand. Hold conversion spring (16) in the right hand
turntable. Hold motor rotor with fingers of the left
with the extension upwards. Hook lower end of spring
(15) over edge of rotor shaft drive pulley and with a
downward twisting effort in a direction to unwind or
enlarge the inside diameter of the conversion spring
(16) force down over entire pulley length. The exten-
sion which is provided for ease of assembly only, should
then be sprung away from the pulley sufficiently to
allow it to be snipped off with a pair of disgonals, at
the spring surface so no protrusion will remain to
impair operation of the drive pulley. The motor
shaft pulley thus enlarged will provide proper turntable
speed with the motor operating on 50 cycle current.

NOTE 11

RC-50 is standard 60 cycle record changer with Alden
tyg{e socket for A.C. connection.

C-51 is standard 60 cycle record changer except
spring bushing has been added to motor shaft to
increase size and provide correct speed on 650 cycle.
Same A.C. connection as RC-50.

RC-52 is standard 60 cycle record changer with
standard A.C. cord and plug.

RC-53 same as RC-52 except with 50 cycle bushing
added as on RC-51.

®John F. Rider
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s

CONTINE

TOP VIEW - COMPLETE

MOUNTING HARDWARE

59 60 6\ 62 63 64 65

BOTTOM VIEW
GEAR AND BEARING ASSEMBLY REMOVED

SLIDE-A-WAY PARTS

RC4010 Becord _changer mount- ggggg ggﬁglger base ... $3
ing spring, % doz... $ .10 P4529  Stud . S
RC7017 Record changer mount- P4548 Washers ... 1% doz.
ing secrew . .. .05 P413 Hex nut ... . 1% doz.
P4781 _Record changer mount- 1;3233 Is*ﬁfil; ‘:aalTh_?l_‘s - ldoz.
ing bracket ... 10 P4523 Right door bracket.
P4694 Record changer mount- P4524 Left door bracket .
ing bracket (Slide-A- P4526 Roller ... . -
Way only) ... .10 P4527 Stud ...

NTAL RADIO & TELEV. CORP. MODELS RC50, RC51,

RCE2, RCH3

1 RC-6000T Turntable only... $1.70
2 RC-3025 Turntable nut..... . .15
3 GA-35 Offset center post... ... 1.35
4 GA-31 Complete record chang-

er post. ... 3.00
5 RC-5003 Record clamp (Plastlc) .20
6 RC-5002 Record changer shelf

cap (Plastic).......... .15
7 RC-2003 Record shelf support

post ... .65
8 RC-2006 Pickup arm  support

post .. 65
9 GA-32 Complete plckup arm

assembly . 7.15
10 Needle screw (Phllllps

type head) ... . 15
11 RC-6008 Lifetime needle..... . 150
12 RC-5001 Knob (Plastic). .. .10
13 RC-5000 Escutcheon (Plastic).... .20
49 P-2328 Spring washer _. $ .06
50 GA-15 AC switeh lever and

stud assembly .. .. .25
51 P-4626 Tinnerman clamps ‘for

mounting escutcheon

13) % doz.) .06
52 RC-4012 Reject lever ... .10
53 RC-4003 Reject lever spring ... . .05

54 GA-27 Pickup arm mover as-
sembly (with parts
below to 59, inclusive 1.60
56 RC-7002 8-32x1” slotted screw,
headless ... .06
56 RC-7024 Hex. nut ......(% doz.) .06
57 P-2729 Set screw ... (% doz) .06
58 RC-4018 Lead in spring .
59 RC-7016 8-32x% " Fil. head
screw ... (% doz.) .05
SO(RC 3034  Raising pin 1 10
1P-1399 Horseshoe washer { :
61 RC-7029 Pickup arm support post

mounting nut ... .05
62 RC-1030 Lead in spring, hook-
plate ... ... .06
63 G-29 “Z" Bracket assembly .30
64 RC-4013 “Z” Bracket spring ... .06
65 RC-3027 “Z” Bracket mounting
stud . .10
(P-206 8-32x% " Round )
head screw !
66{P-993 Hex. nut ¢ (Set) .05
P-214 Lockwasher
P-269 A Washer
67 RC-1006 Lever link ... .05
68 RC-4001 Lever link spring....... .05
69 G-28 “yU” Bracket assembly
(complete with set
SCTeW) 26
70 P-2692 “U” Bracket set screw,
only ... . (% doz.) .05
71 RC-7000 Size change adj. screw
72 P-993 Size change adjusting [ § .05
lock nut J

73 GA-12 Size change lever as-
sembly (complete
with screw & lock
nut) ... .25
74 RC-4002  Size change lever sprmg .05
75 GA-34 Wire detent spring and
bracket ... ... 25

All prices quoted are list.

20 All parts should be ordered through
15 local Admiral Distributor.

(1)2 Shipments are F.0.B. if ordered di-
05 rect from the factory. When remit-
05 ting in advance please include post-
: age.

38 A handling charge of $0.25 will be
40 made on all orders under $0.76 list.
.15 Prices are subject to change with-
.05 out notice.

PRICES SUBJECT TO CHANGE WITHOUT NOTICE

©®John F. Rider
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MODELS RC50, RCS1,
RC52, RCS53

CONTINENTAL RADIO & TELEYVY. CORP.

BOTTOM VIEW - COMPLETE

PRICES SUBJECT TO CHANGE WITHOUT

14 RC-6000 M Motor only, 60 cycle

15
16
(P-1518

P-1466
17{P-269

18 RC-7006

19 RC-7010
20 RC-6003
21 RC-3021
22 RC-7027

23 P-4080

24 RC-1029
25 RC-5004
P-2437

26{P-1466
P-825

27 RC-6002
28 RC-1011

29 RC-4015
30 GA-24

31 RC-3015
32 RC-1025

33 RC-2007
34 RC-4007

35 RC-2000

36 GA-25

37 RC-7027
38 RC-7006

39 GA-33
40 G-30

41 RC-7021

42 RC-3032
43 RC-7029
44 GA-13

[P-1098

| P-825
46 RC-6006
RC-6009

45

47

LRC-4894

48 P-1692
NOTICE

(Type I or II) Type

Ishown ... $5.7
50 cycle bushing (Fits

over motor shaft, see

note I) ... 15
Idler wheel ... .. . 1.00
6/32x%"” mount-

ing screws L
Lockwashers I(3 GecEl)-1)
Washers
Sleeves e 0B
Rubber grommets .. .. .05
10-24 x 3%” mounting

screws and lockwash-

ers ... .05
Cork washer ... .05
Thrust bearing .. . .75
Pinion shaft ... . . . .. .45
10-32 - 3” mounting

screw and lockwash-

er ... .05

6-32x %" Sems type
mounting screws (Pr.) .05
Arm rest ... . .10
Arm rest cap (Plastic).. .10
6-32 x 18" round
head screw
Lockwasher (Set) .05
Hex. nut

AC switch and cover......§ .45
AC switech mounting

bracket ... .05
AC switch lever wire

spring ... .05
Starting bracket assem-

bly ... xS conoo T 25
Starting bracket mount-

ing stud ... .10
Starting bracket mount-

ing washer ... .05
Size switeh ... .10
Size Switech Mig.

Spring ... ... .05
Large gear and ca

(Springs [35A] and

[35B] attached) ... 2.00
Separating plate and

reset bracket ... ... .35
10-32 x 3%” mounting

screws and lockwash-

ers ... _.(Pair) .05
10-24 x 3¢” mounting

screws and lockwash-

ers ... (Pair) .0b
Bearing assembly ... . .75
Size cam assembly

(Complete with set

SCrews) ... .35
Hex head set screws

(only) ... .. (% doz.) .05
Spacer . ... .05
Mounting nut . . ... .05
Detent cam spring and

bracket assembly

(complete with screw

& lock nut) 30
Adjusting screw
6-32x3% " . . . .05
Adjusting lock nut ... .05
Soldering panel .. ... . .05

AC cable and Alden plug
for RC50 and 51 (as
shown), see Note II.... .35
AC line cord and plug
for RC52 and 53.... .. .55

AC cable clamp ... .05
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9K 9L 9M 9N 90 9P 9

9A
9C
9D
9E

9F
9G

9H

19
20
21
21A
21B
21C

30
31

=8 32

330 3sc 356 35 as 33
33A
34

’ 35A
35B
35C
35D
\ 35E
35F
} 356G

36H
36

’ 37

CONTINENTAL RADIO & TELEV

MODELS RC50, RCS1,
CORP. RC52, RC53
GA-32 Complete pickup arm

RC-2004
RC-6001
GA-21

RC-4004

P-3423
RC-4005

RC-7026

RC-7001
P-270 A
RC-1023
RC-7013
RC-7018
RC-1013

RC-3008

assembly ... ..
Pickup arm casting
Pickup crystal cartridge
Needle screw only

(Phillip’s type head)..
Pickup slower mounting

bracket and sleeve
Pickup arm adjusting

Washer ... (% doz.)
Pickup arm tension
SPring ...
Mounting screw (Pick-
up crystal cartridge)
(Pair) ... .
Pickup arm adjusting
SCreW . ...
4-36x% " Screw (% doz.)
Bakelite washer (% dz.)
Lockwasher ....(1% doz.)
Pickup arm adjusting
washer ... (% doz.)
Pick arm upper mount-
ing bracket .
Pickup arm pivot pin......

RC-7008 Rubber grommet. (Pair)

GA-31
GA-17

RC-2002
RC-4000
RC-3002
GA-18

RC-1001
P-7013

P-270-A
RC-5003
RC-5002

RC-3025
RC-7010
RC-6003
RC-3021
RC-3024
RC-2001
RC-7007
GA-22

GA-24

RC-3015
RC-1025
RC-2007
RC-3013
RC-4007
RC-2000

Complete record chang-
er post.. ... .
Mounting shelf plate
and sleeve......
Record changer shelf .
Record clamp spring. .
Record clamp spring pin
Small cam and shaft. ..
Record remover ... .
Lockwasher ... (% doz.)
4-36x% " screw (% dz.)
Record clamp (plastic).
Record changer shelf
cap (Plastic) ... ... .

Turntable nut... .
Cork washer _ (Pair)
Thrust bearing L
Pinion shaft .. ..
Pinion gear ferrule.
Pinion gear
Allen head set screw
Large gear assembly
(with parts below to
35F, inclusive) .. .. .
Starting bracket assem-
bly
Starting bracket mount-
ing stud. .. ...
Starting bracket mount-
ing washer .
Size switch.
Size switch stud..
Size switch mountmg
spring - )
Large gear “and cam
(Springs 35A and 35B
attached) ... .

RC-4008A Starting bracket spring

RC-4009
RC-3018
RC-3019
RC-3016
RC-1016
RC-3017

RC-1023
GA-25

RC-7027
RC-7006

GA-33

Trigger bracket qprm;:
Ejector roller ... .. .
Ejector roller stud. .
Trigger bracket stud.
Trigger bracket.
Large gear mounting
post ..
Bakelite washer. (Palr)
Separating plate and re-
set bracket ... ... ..
10-32 x 3%” mounting
screws and lockwash-
ers ... (Pair)
10-24 x 3” mounting
screws and lockwash-
ers ... _(Pair)
Bearing assembly

PRICES SUBJECT TO CHANGE WITHOUT NOTICE

~$7.75

.85
4.50

15
.50

.05
.05

.05

3.756

.05

.05
.75
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MODELS 28AZ, S1EF, CROSLEY RADIO CORP.
34BH, 48BF
RECORDER WITH AUTOMATIC CHANGER
PARTS LIST
(Parts for FIG, 1
Item | Part | No. Item | Part I No.
No. No. | Description Used No. No. Description Used
1 130659 | Spindle Thrust Plate 1 27 | 130685 | Clutch Spring 1
2 130937 | Spindle and Feed Screw Housing 1 28 130686 | Flat Washer 1
4 130662 | Drive Gear Assembly 1 29 130587 | Taper Pin 3
5 130938 | Panel, Post and Stud Assembly 1 30 | 130688 | Selector Shaft Drive Crank Assy. Post No.2| 1
6 | 130664 | Selector Shaft Collar 1 31 130589 | Drive Link Assy. 1
7 130665 | Selector Shaft Crank Assy. Post No. 1 1 32 130590 | Trip Rod 1
8 130666 | Flat Washer [ 3 33 130691 | Flat Washer 1
9 1130667 | “C” Washer [ 3 34 | 130692 | Drive Gear Stud 1
10 130668 | 12” Set Link 1| 35 130593 | Switch Spring 1
11 130669 | 12" Reset Link Spring 1 36 f 130694 | Switch Mounting Rracket 1
12 130670 | Tone Arm Locator and Bushing Assy. IO 37 130695 | Switch Retainer Bracket 1
13 130671 | Tone Arm Booster Spring 1 38 | 130396 | Switch 1
14 130672 | Tone Arm Locator Shoe (12) 1 ! 77 | 130939 | Tone Arm Shaft 1
15 130673 | Tone Arm Locator Shoe (10”) 1 ” 78 130598 | Reset Arm Stop Washer 1
16 130674 | Tone Arm Locator Spring 1 | 102 130940 | Manual Control Slide 1
17 130675 | Tone Arm Latch and Guide Bracket 1 103 | 130941 | Clutch Lock Slide 1
18 130676 | Tone Arm Latch Lever [ 1 104 | 130942 r Locator Lock Slide Spring 1
19 130677 | Tone Arm Lever Assy. 1 105 | 130943 | Slide Latch L
20 130678 | Trip Lever Assy. 1 105 130944 | Locator Lock Slide 1
21 130679 | Tone Arm Lift Plate Assy. 1 |
22 | 130680 | Thumb Nut 1
23 130681 | Tone Arm Trip-Shoe 1
24 130682 | Trip Lever Spring 1
25 130683 | Shielded Pickup Wire 1
26 130684 | Muting Switch 1 I
(Parts List for FIG, 2
Item | Part No. || Item | Par No.
No. No. Description Used No. | No. Description Used
39 130699 | Clutch Reset Pawl Spring 1 97 | 130947 | Traverse Bushing and Blade Assembly 1
40 130700 | Clutch Reset Pawl 1 I 98 130948 | Traverse Lever Bracket 1
41 130701 | Latch Lever Shoulder Screw |1 99 130949 | Lock Nut 2
43 130702 | 12" Set Arm Assembly 1 || 100 | 130950 Recorder Arm Shaft Sleeve 1
79 130703 | Engagement Clutch Cam Assy. 1 101 130951 | Bearing Center Screw 4
80 130704 | Tone Arm Reset Link 1
81 | 130705 | Tone Arm Lifter Link Assy. 1|
42 130945 | Set Arm Return Spring 1 ‘
96 130946 | Traverse Arm Support Bracket 1 1 i
(Parts List for FIGs 3
Item | Part | No. || Item | Part No.
No. No. Description |Used No. | No. | Description Used
44 130706 | Record Support Post No. 2 1 70 ’ 130719 | Tone Arm Adjusting Screw 1
45 131024 | Tone Arm Cartridge 1 71 130720 | Adjusting Screw Lock Spring 1
46 130708 | Tone Arm Swivel Bracket 1 72 130721 | Thrust Wafer 1
47 130709 | Tone Arm Mounting Bracket 1 |73 . 130722 | Thrust Washer 5
48 130952 | Tone Arm Lifter Pin 1 74 130723 | Ball Race Assy. 1
49 130953 | Counter Balance Spring 1 [ 75 | 130724 | Rubber Bumper 1
50 | 130712 | Spring Washer 1 76 | 130951 | Turntable 1
51 130713 | Roller | 2 82 | 130726 | Tone Arm Lifter Reset Spring 1
52 130714 | Switch Return Spring 1 5 130955 | Retractable Drive Pin 1
53 130715 | Flat Washer 2 109 130956 | Feed Screw and Gear Assy, 1
54 130716 | Switch Reject Slide 1 |
55 | 130717 | Switch Collar and Reject Pin Assy. | 1 ]
56 | 130718 | 12" Set Rod 1 !
(Parts List for FIG, 4
Item | Part | No. Item | Part No.
No. No. Descri~tion [Used No. No. Description Used
‘ e o —
57 130727 | Control Knob 2 107 130367 = Bearing Center Screw 1
58 130728 | Selector Blade (10") 2 108 130968 | Cartridge Pivot Screw 1
59 130957 | Turntable Spindle 1 (Parts List for Fig. No. 5)
60 130958 | Tone Arm 1 89 130851 | Cutter Cartridge 1
61 130731 | Selector Arm No. 1 1 90 130970 | Pressurz Control Blade 1
62 130732 | Special Washer 1 a] 130855 | Pressure Control Cam 1
63 130733 | Drive Gear Stud Lock Nut 1 92 13096C | Bearing Center Screw 2
64 130734 | Switch Escutcheon 1 a3 130969 | Bearing Center Screw Lock Nut, 2
65 130959 | Switch Control Knob 1 91 130819 | Tone Arm Adjusting Screw 1
i 66 130870 | Motor Assembly 1 { 131236 | Soring-Upper-Base Mounting 4
| 67 130737 | Record Support Post No. 2 1 131237 | Spring-Lower-Base Mounting 4
! 68 130738 | Selector Biade (12) 2 131238 ! “U’" Nut—For Mounting Bolts 4
! 69 130739 | Selector Arm No. 2 1 130381 | 14-20 R. H. M. Screws | 4
83 130961 | Rubber Idler Drive Wheel 1 | |
1 | 130662 | Manual Control Escutcheon 1| PRICES SUBJECT TO CHANGE
5 C anual Control Button 1 |
86 130964 | Recorder Arm | 1 WITHOUT NOTICE
| 87 130965 | Pressure Control Knob 1 |
88 | 130966 | Recorder Arm Adjustment Screw 1 ‘
FOR OPERATION AND SERVICE DATA
‘ SEE SEEBURG JR (EARLY), (JR-1B)

©John F, Rider



77

CROSLEY RECORD
CHANGER

CROSLEY RADIO CORP.

MODEL 33BG
RECORDER
NEEOLE LOCK
o)
CUTTING
ARM
\W\
cmrw?oeﬁm
ADJ SCREW
.\ TURNTABLE DRIVER
WHEEL
CROSLEY
MODEL 33 BG
RECORDER ONLY

ror oraer mata sgg AUTOMATIC RECORD CHANGER

SEEBURG MODEL J=-1A PARTS LIST
Item | Part No. Item | Part No.
No. No. Description Used No. No. Description Used
1 130659 | Spindle Thrust Plate 1 47 130709 | Tone Arm Mounting Bracket 1
2 | 130660 | Spindle Bearing Housing Assy. 1 48 | 130710 | Tone Arm Lift Pin 1
3 | 130661 | Drive Pinion 1 49 | 130711 | Counter Balance Spring 1
4 130662 | Drive Gear Assy. 1 50 130712 | Spring Washer 1
5 |/130663 | Panel, Post and Stud Assy. (Mocel 30) 1 51 130713 | Roller 2
1131524 | Panel, Post and Stud Assy. (Model 29) 1 52 | 130714 | Switch Return Spring 1
6 | 130664 | Selector Shaft Collar 1 53 | 130715 | Flat Washer 2
7 | 130665 | Selector Shaft Crank Assy. Post No. 2 1 54 | 130716 | Switch Reject Slide 1
8 130666 | Flat Washer 3 55 130717 | Switch Collar and Reject Pin Assy. 1
9 | 130667 | “C” Washer 3 56 | 120718 | 12" Set Rod 1
10 | 130668 | 12" Set Link 1 57 | 130727 | Control Knob 2
11 130669 | 12" Reset Link Spring 1 58 130728 | Selector Blade (10*) 2
12 | 130670 | Tone Arm Locator and Bushing Assy. 1 59 | 130729 | Turntable Spindle 1
13 | 130671 | Tone Arm Booster Spring 1 60 | 130730 | Tone Arm 1
14 130672 | Tone Arm Locator Shoe (12") 1 61 130731 | Selector Arm No. 1 1
15 | 130673 | Tone Arm Locator Shoe (10") 1 62 | 130732 | Special Washer 1
16 | 130674 | Tone Arm Locator Spring 1 63 | 130733 | Drive Gear Stud Lock Nut 1
17 | 130675 | Tone Arm Latch and Guide Bracket 1 64 130734 | Switch Escutcheon 1
18 130676 | Tone Arm Latch Lever 1 65 130735 | Switch Control Knob 1
19 | 130677 | Tone Arm Lever Assy. 1 66 | 130736 | Motor 1
20 130678 | Trip Lever Assy. 1 67 130737 | Record Support Post No. 2 1
21 130679 | Tone Arm Lift Plate Assy. 1 68 | 130738 | Selector Blade (12”) 2
22 130680 | Thumb Nut 1 69 130739 | Selector Arm No. 2 1
23 130681 | Tone Arm Trip Shoe 1 70 130719 | Tone Arm Adjusting Screw 1
24 130682 | Trip Lever Spring 1 71 130720 | Adjusting Screw Lock Spring 1
25 | 130683 | Pickup Shielded Wire 1 72 | 130721 | Thrust Wafer 1
26 130684 | Muting Switch 1 73 130722 | Thrust Washer 5
27 | 130685 | Clutch Spring 1 74 130723 | Ball Race Assy. 1
28 | 130686 | Flat Washer 1 75 | 130724 | Rubber Bumper 1
29 | 130687 | Taper Pin 3 76 | 130725 | Turntable 1
30 130688 | Selector Shaft Drive Crank Assy. Post No.2| 1 77 130697 | Tone Arm Shaft 1
31 130689 | Drive Link Assy. 1 78 | 130698 | Reset Arm Stop Washer 1
32 | 130690 | Trip Rod 1 79 130703 | Engagement Clutch Cam Assy. 1
33 130691 | Flat Washer 1 80 130704 | Tone Arm Reset Link 1
34 130692 | Drive Gear Stud 1 81 130705 | Tone Arm Lifter Link Assy. 1
35 | 130693 | Switch Spring 1 82 | 130726 | Tone Arm Lifter Reset Sprihg 1
36 | 130694 | Switch Mounting Bracket 1 83 | 131083 | %" Needle Screw 1
37 130695 | Switch Retainer Bracket 1 84 131236 | Upper Mounting Spring (Base) 4
38 130696 | Switch 1 85 131237 | Lower Mounting Spring (Base) 4
39 130699 | Clutch Reset Pawl Spring 1 86 131238 | “U” Nut for Mounting Bolts 4
40 | 130700 | Clutch Reset Pawl 1 87 | 130981 | 14-20 R. H. D. Machine Screw 4
41 130701 | Latch Lever Shoulder Screw 1 88 131102 | Idler Wheel 1
42 89 | 131032 | Spring—50 Cycle Motor Bushing 1
iy %38;82 Rac S%t §\ = ASSIS;' No. 1 1 PARTS SU
4 ecord Support Post No. 1 T BJECT TO C
45 | 131024 | Tone Arm Cartridge 1 WITHO BRI
46 | 130708 | Tone Arm Swivel Bracket 1 WITHOUT NOTICE
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MODEL 33BG
RECORDER CROSLEY RADIO CORP.
RECORDER AS USED IN MODEL 33 BG
PARTS LIST (Refers to Fig. 4 and Fig. 10)
Part No Description Part No. Description
131000 | Retractable Pin Spring Washers 131048 | Pickup Cartridge Hinge Damper Felt
131001 | Motor Mounting Screw 131049 | Tone Arm Post Complete
131002 | Shakeproof Motor Housing and Bracket Lock 130748 | Cutter Head with Leads
Washer 131051 | Cutter Head Bumper Cork (Magnetic)
131003 | Hex Nut for Pivot Post 131052 | Cutter Arm Complete (Magnetic)
131004 Mounting Bracket Assy. Washer 131053 10" Weighted Turntable (34* one piece T. T.)
131005 | Lead Clip Mtg. Screw Lock Washer 131054 | Mounting Bracket Assy. Screw Nut
131006 | Motor Mounting Screw 131055 | Motor Plate Rubber Grommet
131007 | Retractable Pin Spring Screw (For 2 piece T. T.) 131056 | Tone Arm Support Lock Washer
131008 | Adjusting Screw (Follower Arm) 131057 | Mounting Plate Grommet Sleeve
131009 | Aux. Shaft Housing Mounting Screw 131058 | Turntable Drive Disc Thrust Washer
131010 | Retractable Pin Spring Screw (For 14" one 131059 | Rotor Shaft Pulley Set Screw (% * Shaft)
piece T. T.) 131060 | Turntable Drive Disc Clip
131011 | Aux. Shaft Housing and Motor Mounting Screw 131061 Aux. Shaft Housing Assy.
Washer 131062 | Lead Screw and Pinion Assy.
131012 | Cutter Arm Mtg. Screw Washer 131063 | Lead Screw End Thrust Screw
131013 | Turntable Shaft Locking Screw 131064 | Lead Screw End Thrust Screw Nut
131014 | Pivot Saddle Plate Adjusting Screw Nut and 131065 | Motor Mounting Plate
Cutter Arm Holding Bracket Screw 131066 | Rotor Shaft Pulley (For % " Shaft)
131015 | Turntable Shaft Locking Screw Nut 131067 | Turntable Drive Disc Tension Spring Holder
131016 | Adjusting Screw Nut (Follower Arm) 131068 | Turntable Drive Disc Tension Spring
131017 | Cutter Arm Holding Bracket 131069 | Turntable Shaft
131018 | Follower Arm Complete 131070 | Aux. Shaft Housing Complete
131019 | Pivot Post Bushing 131071 Turntable Drive Disc Complete
131020 | Tone Arm Support 131072 | Turntable Drive Disc Mtg. Bracket Assy.
131021 Base Plate Complete (Less Switch, Etc.) 131073 | Motor Mtg. Plate Complete
131022 Pickup Cartridge Mounting Screw 131074 Retractable Pin Spring (For 14* one piece T. T.).
131023 | Pickup Cord Clip 131075 Retractable Pin (For 15" one piece T. T.)
131024 Pickup Cartridge (ONLY) 131076 Rotor Shaft Pulley (For 3” Shaft and two
MG5-130570 | Recorder Base Assy. Complete (110 V.—60 Cy.) piece T. T.)
MGB8-130570 | Recorder Base Assy. Complete (110 V.50 Cy.) 131077 | Rotor Shaft Pulley Set Screw (34" Shaft)
131026 | Tone Arm Assy. 131078 | Rotor Shaft Pulley Support Ring
131027 | Tone Arm Complete 131079 Rotor Shaft Pulley (For 14” one piece T. T.)
131028 Lift Lever 131080 Retractable Pin Spring (For two piece T. T.)
131029 | Tension Adjusting Screw Lug 131081 Retractable Pin (For two piece T. T.)
131030 | Cutter Head Tension Spring 131082 10” Weighted Turntable (two piece T. T.)
131031 | Cutter Arm Mtg. Screw 130820 | Motor—110 Volt, 60 Cycle
131033 | Saddle Bushing Set Screw 130634 | Needle Screw—Tone Arm
131034 | Pivot Saddle Plate Adjusting Screw 130633 | Needle Screw—Cutting Arm
131035 | Pivot Saddle Plate Assy. 131126 | Spring—50 Cycle—Motor Bushing
131036 | Cutter Arm Holding Bracket Screw 130628 | Spring—Base Mounting (8 Req.)
131037 Pivot Post Straddie Plate 38085 Wing Nut—Base Mounting (4 Req.)
131038 | Tone Arm Support Bumper 130625 | Screw—Base Mounting (4 Req.)
131039 Pivot Post Return Spring 130626 Stirrup—Shipping Clamp (4 Req.)
131040 Lead Clip Screw 130901 Cutting Nddle (1)
131041 | Lead Clip 131785 | Motor Bushing—Change 50 to 60 Cycles
131042 | Tone Arm Post Washer 47339 Play Back Needles (Pkg. 10)
1%1043 %one ﬁrnrg I\)?Vas,hl\elr
131044 one ost Nut
131045 | Pivot Post Busshinfg Lock Washer PRICES SUBJECT TO CHANGE
131046 | Follower Arm Shaft Washer
131047 Follower Arm Stop WITHOUT NOTICE
EQUALIZER
POR OPERATION AND SERVICING _CUTTER SPRING 0%
ARM
DATA SEE GENERAL INDUSTRIES AR CUTTER DEPTH
MODEL R-70 ADJ SCREW
CUTTER CUTTER HEIGHT
/— HEaD '™ ADJ. SCREW >3
GUTTER STYLUS ""'""}'/
SCREW (30633 S F R -
RECORD CUTTER £ i -
BLANK \STYLUS e S
a_ () ,_f—DEPRESSIBLE PIN 131075
"""""""""""""""""""""""" T"*.“,:;;“".’
tl 4 1BIOTH
® o —— = FRICTION DRIVE
k TENSIONI ?PRING
TURg';I;é\!BLE T 31055
D O O O l
E | 30820 131039
FOLLOWER S e
1
AR G R
LEAD
SCREW
B o soman LA ]
Figure 4
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DETROLA CORP.

CENTER SPINDLE —>

PIN FOR REPRODUCING
HOME RECORDINGS

TURNTABEE
“FEATHERWEIGHT 1O
WITH “EVERLASTING” NEED'

L__selection.

FIG. 2
NEW GEARLESS RECORD
CHANGER

This machine will play and automatically
change a series of up io twelve ten-inch
records or a series of up to ten twelve-inch
records. Any ten or twelve-inch record of
the 78 R.P.M. type with either a standard
eccentric or spiral stopping groove will op-
erate this machine automatically.

Very old records that have not astandard
eccentric or spiral stopping groove can be
played semi-automatically by operating
the reject lever at the conclusion of each

FIG. 3
PLAYS HOME RECORDINGS

To provide adequate protection for your
most valued recordings cnd at the same
time relieve you of the necessity of chang-
ing needles, this machine was designed to
use an ""EVERLASTING'’ needle in con-
junction with its “FEATHERWEIGHT"’
tonecrm. This needle will faithfully repro-
duce many thousands of recordings with
minimum wear of your records.

The turntable has apin for reproducing
home recording discs at a constant speed.

This machine operates on 110 volt—60
cycle current only.

MODELS N-100, N-ZOOI

©John F. Rider
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MODELS N-100, N-200

DETROLA CORP.
FOR RUTOMATIC OPERATION

1. Turn automatic record support for the size of record to be played—I0-inch or
12-inch—and flip the record alignment plate away from the turntable.

2. Tomearm should be moved to engage notch marked “"A” (automatic) on base of

tonearm. (See Fig.3).

3. Place a series of up to twelve ten-inch records or a series of up to ten twelve-inch rec-

ords on center spindle and automatic record support.

ment plate on to records.

Flip record align-

4. Move control lever to "ON" position, hold for about Y2 second to start automatic

operation, then release.
THE AUTOMATIC REJECT OPERATION

If, while playing a record, you desire to skip the
remainder of the recording and pass immediately
to the next record of the series, move the control
lever to "RE]” (reject) position, then release.

THE MANUAL REJECT OPERATION

If you desire to skip a number of records:
1. Lift the tonearm off the record and place in its
normal or rest position, clear of the records.

2. Turn the manual reject knob clockwise, then
release, dropping one record. Repeat until de-
sired record is obtained, then carefully replace
needle on edge of record.

TO REMOVE RECORDS

Always drop all the records from the automeatic
record support (see “"manual-reject operation”)
before removing the records from the spindle.

l. Flip record alignment plate away from
records.

2. Remove tomearm to its normal or rest position.
3. Lift records vertically.

TO PLAY HOME RECORDINGS

To play a home recording disc, up to 10 inches in
diameter, move control lever to "OFF" position,
then:

1. Turn automatic record support for a 12-inch
record.

2. Tonearm should be moved to engage notch

marked “H” (home recording) on base of tonearm
(See Fig. 2).

3. Move control lever to "ON” position and allow
tonearm to go through its record changing
cycle If the home recording disc is 10” in diam.
eter, the tonearm will fall correctly on the rec-
ord; but for smaller records, the tonearm must
\be placed on the record by hand.

4. At the conclusion of the home recording selection,
either return the tonearm to the rest position by
hand or move the comtrel lever to “RE]"” posi-
tion, then release.

SEMI-AUTOMATIC OPERATION

Old records that have neither a standard eccen-
tric nor spiral finishing groove dd not operate the
automatic trip mechanism. They may be played
either in a series or singly by moving the control
lever to the "RE]" position at the conclusion of each
selection.

TECHNICAL SERVICE DATA

. There is no strain on the mechanism when the

tonearm is accidentally rotated during its cycle.
Merely return the tonarm to engage its proper
notch—"H" for playing home recording discs or
“A" for standard records.

. The height-gauge prevents vertical shocks from

reaching the mechanism. Rotate the height-
gauge until the needle is approximately 1/16
inch below the top surface of the turntable.

. The set screws for adjusting the tomearm are

above the motorboard. If it is necessary to
loosen these screws while servicing, reset as fol-
lows: Tighten one set-screw, turn on the motor,
allowing the changing cycle to proceed until the
tonearm starts to drop, at which point turn off
the motor, stop the turntable before the tonearm
has completed its drop and loosen the set screw.
Then, while holding the tonearm over the record
so that the needle is midway between the outer
edge of the record and the beginning of the re-
cording, tighten the set screws.

. The automatic record- support can be turned in

either direction when adjusting for 10-inch or

12-inch records. The record support post is
gauged in production so that the distance from
the edge of the automatic record support when
adjusted for playing 10-inch records to the near-
est edge of the center spindle is 4 27/32 inches.

. The record changer is adjusted in production so

that the automatic mechanism is tripped when the
needle is between 1 21/32 and 1% inches from
the edge of the center spindle. This adjustment
is made by carefully bending the bracket that is
formed down out of the tonearm trip lever (the
tonearm trip lever is the % inch wide steel strip
with knurled end under the sub panel which ro-
tates with the tonearm). Bending this bracket
away from the tonearm bearing will cause the
automatic mechanism to be engaged when the
needle is at a greater distance from the spindle
and bending the bracket towards the tonearm
bearing will cause the engagement to occur when
the needle is at a lesser distance from the spindle.

. When replacing the four speed nuts that fasten

the bottom strap, drive the three small speed nuts
up tight with a hammer, but replace the large

©John F. Rider
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DETROLA CORP

speed nut on the center spindle firmly with the
fingers.

7. The three main bearings are made of "Oilite”
bronze. They contain an oil supply sufficient for
the life of the machine. After two years of normal
use add three drops of oil to the two felt washer
reservoirs on the main motor bearing, a drop on
the rubber tired motor idler pulley bearing and
two drops on the ball thrust bearing at the bottom

of the center spindle. Operation of any record
changer below normal room temperature will re-
sult in reduced turntable speed and consequently

poor reproduction.

Keep the rubber belt and the rubber tire of the
motor idler pulley free of grease, oil, and dirt. A
cloth dampened with naptha is recommended for
cleaning these rubber parts.

CRAUTION

WARPED RECORDS

To prevent warpage, do not leave your records on
the supports when the machine is not in use. We
suggest that you keep your records in an album or
cabinet in order to keep them flat and free of dust.

Badly warped records will slide while playing
and reproduce poorly. You can flatten your warped
records by pressing them between flat surfaces for
several days in a warm place.

DO NOT MIX RECORDS

Do not mix 10-inch and 12-inch records in a series

THE NEEDLE

We have provided you with a fine needle of
special steel. Together with the crystal it forms the
one delicate part of this machine and deserves care.

Never leave the needle resting on a record or the
turntable when the machine is not in use. If
needle becomes damaged by accident, replace im-
mediately. Never replace a used needle in the
tonearm—because the needle assumes the con-
tour of the record groove and readjustment will

cause excessive wear of your records. Flat of needle

or stack. should be parallel to head of temearm.
REPLACEMENT PARTS
N-149-S  Tonearm complete (including tonearm lift assembly)
N-155-S  Tonearm lift assembly
L-26-S Crystal (Wireless changers use L-24)
Needle
Shielded pickup cable
N-167-S  Manual reject knob (including lockwasher and dress washer)
N-148-S Cam for same
N-161-S Record alignment plate (including rubber bumpers and spring)
N-129-S Cam shoe and shaft assembly (including spring)
N-168-S  Turntable
N-160-S Motor complete
Rubber tired motor drive pulley (including washers and hairpin)
N-165-S  Switch .
N-132-S  Center spindle and Oilite bearing assembly, hairpin cotter, bottom strap and ﬁelt guide.
N-173-S  Ball bearing race
N-171-S  Felt washer
N-172-S  Thrust washer 2 Regq.
N-188-S  Rubber belt
N-140-S  4Y: inch diameter drum and bearing
N-137-S  Master cam assembly (including spring brake)
N-118-S  Tonearm trip assembly (including spring and ‘C’ washer)
N-122:S  Ratchet release assembly (including spring, washer and hairpin)
N-187-S  Speed nut (center spindle)
N-174-S  Speed nut (strap support) 3 Req.

MODELS N-100, N-200

©John F. Rider
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MODELS F26-2, F26-3, FAIRCHILD AVIATION CORP.
F29-2, F29-3
Model F26-2 Recorder consists of Model F26-3 Recorder consists of
1 Unit 199-2 Portable Recorder Mechanism 1l Unit 199-3 Portable Recorder Mechanism
1 Unit 214-3 Cutterhead 1l Unit 214-3A Cutterhead
1 Unit 219-2 Portable Recording Amplifier 1 Unit 219-2 Portable Recording Amplifier

Model F29-2 Recorder consists of

Unit 199-2 Portable Recorder Mechanism

Unit 220-2 Auxlliary Portable Recording Mechanism
Unit 214-3 Cutterheads

Unit 219-2 Portable Recording Amplifier

Model F29-3 Recorder conslsts of

[ Sy

Unit 199-3 Portable Recorder Mechenism

Unit 220-3 Auxiliary Portable Recording Mechanism

Unit 214-3A Cutterheads

Unit 219-2 Portable Recording Amplifier

The outline drawing illustrates the cable comnections required to set up
either a single turntable recorder, Model F26-2 or F26-3, or a double
turntable recorder, F29-2 or F29-3,

Place the two recorder meohanisms side by side as close together as pos=
sibles Stand the recorder amplifier trunk at the right of the group; the
trunk should stand upright with the control panel facing the operator.

=00

OPERATING PROCEDURE

A.

C.

As a Public Address Amplifier

The Unit 219 Recorder Amplifier is required only.

Connect microphone cable into MICROPHONE socket. (Be sure impedance of microphone

and amplifler are properly matched. )

Connect power csable into A, C, LINE socket.

INPUT selector switch to MICROPHONE.

OUTPUT selector switch to LINE.

SPEAKER VOL. to MAX.

POWER switch ON. Red warning lamp will light indicating that power 1s on. After

about thirty seconds to allow amplifier tubes to warm up, the equipment is ready for

operation,

8. -Set VOLUME and TONE controls to whatever position gives the desired sound and tone
quality from the speaker on the amplifier trunlk.

9. If the microphone 1s too close to the loud speaker, 1t will be necessary to keep the

volume control turned down; otherwise, a howl will be heard in the loud speaker due’

to acoustic feedback between the microphone and the speaker. Separatlion of the two

will permit using a high sound level. Placing the dilaphragm of the microphone at

right zngles to the speaker and off to the side of the speaker will minimize this

eflect,

OO W ™

10. As many as ten additional speakers can be added to the installation. Connect speak-

ers to the 500 LINE jack on the amplifier panel. Set OUTPUT selector switch to LINE
position.

11. Note thet the internal speaker has an independent volume control SPEAKER VOL. which

can be set to MAX., intermediate, low or OFF positions. Therefore, the amplifier
can be used 1n a separate room from the other speakers, The VOLUME control may be
set to the level required for the outside speakers. The Internsl spesalier volume can
then be adjusted to desired level and used to monitor the outside speakers.

Playing Back Records

=

Plug PICKUP CABLE and RECORDER CABLE into r espective sockets on Recorder Amplifier
Panel,

Connect power cable into A. C. LINE socket.

INPUT selector switch to P. U.

OUTPUT selector switch to LINE.

SPEAKER VOL. switch to MAX.

POWER switch "ON". Red warning lamp should light to indicate that equipment is
turned on.

Insert type needle recommended for<record in Pickup and firmly secure needle in
place with set screw.

Turntable motor switch ON.

Lower Pilckup needle into record groove.

Set VOLUME and TONE controls for desired volume and tone quality.

. Extra speakers can be used by following instructions given in Item A-10 above.

e o o o e

=
HOOD <1 OOBQN

Microphone Recording

1., Connect power cable into A. C. LINE socket.
2. INPUT selector switch to MIC.

©John F. Rider
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MODELS F26-2, F26-3,
F29-2, F29-3

FAIRCHILD AVIATION CORP.

SPEAKER VOL. switch to OFF if microphone is used close to amplifier to prevent feed-
back between microphone and speaker.

OUTPUT switch to REC.

POWER switch ON.

TONE control at 2.5, although position will vary depending on recording conditions.
After some practice, recordist will use his own judgment.

Adjust VOLUME control while speaker is talking into microphone so that average peak
swings of the CUTTER LEVEL meter needle reach the "O" reading in the meter scale,
while occasional momentary peaks may hit plus 4 to 6.

Carry out instructions on Recording Procedure on Turntable.Mechanisms in Paragraph E
below,

When extra external loud speakers are used in an auditorium to reinforce the speak-
er's volce while simultaneously recording the speech, the Recording Equipment 1is
usually kept in an adjacent room. The program is monitored by the amplifier's built-
in loud speaker. The external speakers are connected into the 500 LINE jack on
Amplifier Control Panel., The OUTPUT selector switch must be at BOTH. The cutter-
head and the external loud speakers share the output power in this switch position.

If the recording equipment is in the same room as the microphone, a pair of head-
phones can be used to monitor the recording. Plug headphones in the PHONE MONITOR
jack.

D. Radio or Broadcast Recording

Connect power cable into A, C. LINE socket.

Connect plug from 500 ohm output of radio set or broadcast line into 500 OHM LINE
iack.

INPUT selector switch to LINE.

SPEAKER VOL. switch to MAX. or any other volume position desired by recordist.
OUTPUT switch to REC.

POWSR switch ON.

TONE control at 2.5, although this position depends on recording conditions. It
should be set to whatever position gives best results in the opinion of the record-
ist.

Radio Program must be carefully turned in on radio set to exact resonance. Adjust
VOLUME control so that average peak swings of the CUTTER LEVEL meter needle reach
the "O" reading on the meter scale. Occasional momentary peaks may reach to plus 4
or 6.

Carry out instructions on Recording Procedure on Turntable Mechanism in Paragraph E
below.

When extra external speakers are to be used simultanecusly with recording, the extra
spealiers must be connected into 500 LINE jack on Amplifier Control Panel and the
OUTPUT selector switch must be set to BOTH. 1In this position, half of the amplifier
output is fed to the cutterhead and the other half to the external spesakers.

E. Recording Procedure on Turntable Mechaniss

Plug Pickup Cable and Recorder Cable into respective sockets on Recorder Amplifier

Panel.

Place blank disc on turntable. If disc has stop pin hole then fit it over corres-

ponding stop pin on turntable, screw on clamping nut to prevent slipping.

Set turntable speed knob for either 33-1/3 or 78 RPM.

Select desired pitch and direction of cut. A pitch of 118 will be used in general.
Consult Recording Time Chart for recording time for each pitch at 78 and 33-1/3 RPM.

On acetate-coated discs, cut from inside to outside. This is the general practice
to avold the difficulty of keeping the shavings from interfering with the cutting

of a record. A brush, Cl99-A34, can be supplied to mount on the turntable to clean
off the shavings should it be necessary to cut "outside-in".

Throw turntable motor switch ON. When equipment is cold, it is good practice to
allow a ten minute warm-up period so that the parts are thoroughly lubricated, warm-
ed up and running smoothly.

Invert cutterhead to insert cutting stylus. If aluminum
discs are to be recorded, insert diamond stylus in front hole on cutterhead. For
acetate-coated discs, insert steel or sapphire stylus in rear hole., CAUTION: Avoid

2 stripping thread on stylus set screw.

©John F.
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MODELS F26-2, F26-3,
F29-2, F29-3 FAIRCHILD AVIATION CORP.

F. Continuous Recording - Double Turntable Operation

See outline drawlng for the set-up on the Recording Amplifier and the two turntable
lechanism Assemblies for making continuous recordings.

The circumstances prevailing during a continuous recording will be that of one turn-
table recording nearing completion while the second turntable has a fresh side of a

disc clamped upon it. The second cutterhead on the Auxiliary Recorder Turntable is

placed ready to start cutting as soon as a slight pause in the program 1is anticipat-
ed, whereupon the power is switched to the second cutterhead.

The operation is similar to the Single Turntable Mechanism Procedure outlined in
Paragraph E above. The Left Turntable must be completely set up in readiness for
making a recording before the record on the Right Turntable is finished. The Left
Turntable should be rotating with the cutterhead directly over the starting groove
on the blank disc. When there is thirty to sixty seconds recording time left on
the Right Turntable, drop the cutterhead stylus on the Left Turntable disc, cutting
several blank grooves until there is a momentary breal in the program, such as ap~
plause or the introduction of a new speaker. At thls appropriate moment, throw the
Cutterhead switch from RIGHT to LEFT, which starts the recording on the Left Turn-
table and finishes the recording on the Right Turntable. The Right Turntable is
then unloaded and made ready for a blank disc before the recording time 1s finished
on the Left Turntable.

ication of Records

Set up the two turntable mechanisms and recording amplifler as in outline drawing.
In this description, the left turntable shall be selected for playing back the
master record into the input of the recording amplifier. The duplicate record shall
be made on the right turntable., The turntables can be used in a reversed manner, if
deslred, by reversing the position of the PICKUP and the CUTTER switches as stated
in the text under Item 6 and 7 below.

INPUT selector switch to P. U.

SPEAKER VOL. to MAX. or any intermediate position desired.

OUTPUT selector switch to RECORD.

PICKUP switch at LEPFT,

CUTTER switch at RIGHT.

POWER switch ON.

TONE CONTROL at 2.5, although position will vary depending on recording conditions.
Recordist mey use hls own Judgment after some practice, setting this control to get
best results,

Carry out instructions "Recording Procedure on Turntable Mechanism" in Paragraph E
above on the right hand turntable.

Place master record on Left Turntable, insert type of playback needle recommended
for the record in the Pickup and firmly secure needle in place with set screw.

Left Turntable motor switch ON.

Lower Pickup into. the record groove.

Adgust VOLUME control so that average swings of the CUTTER LEVEL meter needle reach
"0" with occasional peak swings reaching plus 4.

It 1s desirable not to rscord the harsh clicking noise which occurs when the Pickup
1s lowered into the master record sound track at the beginning of the duplicating
operation, This can be avoided by playing the first part of the master record with
the equlpment as set up above except that the cutter is not in operating position on
the blank disc. Adjust the volume control to the positlon which gives the correct
operating level on the CUTTER LEVEL meter, and make a note of the dial reading on
the VOLUME scale, .

Turn VOLUME control to zero, lower cutterhead on right turntable into operating po-
sition, lower pickup gently into starting groove of master record and gradually
ralse the VOLUME control up to the setting previously noted. 1In thils manner the
duplicated record can be free from any disturbing noises introduced in the dupli-
cating process.

©John F. Rider
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MODELS F26-3,
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F29-3
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MODEL 199/220 FAIRCHILD AVIATION CORP.
FAIRCHILD UNIT 199/220 RECORDING MECHANISM

Jandling and Packing - This is a piece of precision equipment containing finely
mechined parts closely adjusted for performing accurate work., While it is sturd-
ily built and good for many years of service with proper care, a hard "jolt™ or
two in handling may necessitate an expensive trip to the factory for repairs or
rezadjustment. Therefore, please observe the following points in handling:-

In carrying the cases for short distances by hand, AVOID BUMPS AND ALL
SHOCKS.

In STARING for any length of time exceeding an hour or two, LAY THE RECORD-
ER FIAT, TURNTABLE UP, as in operation. In transporting in any wvehicle
carry in this same position removing turntable if roads are rough and stor-
ing it in top of trunk. Carried in this mesnner on the cushions of the auto-
mobile seat secured by strap to avoid falling between seats, Several of our
recorders have been carried over 50,000 miles during a period of eighteen
months with little or no difficulty in hundreds of exacting demonstrations,
However, the operator was very particular to avoid sudden shocks to the
trunks through careless handling. There is no reason why you cannot do as
well by exercising the same care.

Remove cutterhead and always fasten securely in the place provided when
moving recorder about.

Secure the cutterhead carriage by a rubber band. Be sure it does NOT
engage the feedscrew to avoid stripping the thrsads.

When corresponding please mention the unit number and the serial number of
the equipment which you are discussing.

Application - The Fairchild Unit 199 or Unit 220 Recording Mechanism has been
designed primarily for portable field service to meet the requiremsnts of dirsct
recording and the playback of recordings. The equipment is extremely flexible;
usable either indoors or outdoors and set up in a few minutes with plug-in
connectors.

For recording and playback the unit is provided with cables and plugs for in-
stantaneous hookup to the Fairchild Unit 219 Amplifier., This combination provides
a complete, self-contained, portable outfit for the direct recording of voice,
music and sound and for the direct playback of this recording.

The Unit 199 or Unit 220 Recorder is supplied with a Unit 214-3 Cutterhead and
matching transformer F43-19 for operation on a 500 ohm line at 20 db. power level.

The Unit 220 Auxiliary Recording Mechanism differs from the Unit 199 Recording
Mechanism only in this respect - a pair of selector switches is added on the panel
to instantaneously switch from left to right cutterhead and from left to right

pilckup; a pair of input sockets is added on the panel to connect the cutterhead
cable and the pickup cable on the Unit 199 Recorder to the control switches on

the Unit 220 panel.

The recording mechanism is contained on a single aluminum panel 17 x 21 inches.
The panel may be removed from the trunk and flush mounted for permanent studio
installation.

©John F. Rider
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General Adjustments -

1.

2,

4.

5,

7

Turntable Speed -~ The sixteen pound turntable is driven by an 1800
R.P.M. synchronous motor through a 54 to 1 gear and worm. It rotates

at 33.3 R.P.li., when the shift pin, extending through the turntable shaft,
is pressed dowm. It rotates at 78 R.P.M. when the pin is pulled upward.
The ™OFF-ON" switch on the right of the panel operates the turntable
driving motor. Always shut off the motor when shifting speeds to avoid
unnecessary strain on gear drive assembly.

Pitoh - The record may be cut ata pitch of 98, 118, 141 or 161 lines per
inch. The removable cover plate on the right side of the overhead feed-
sorew mechanism encloses the four pitch gears. The pitch is stamped on
the gear shoulder. The desired pitch gear is locked on end of feedscrew
shaft by means of slot in gear and cross pin on feedscrew. The spare
gears are stored on the gear retainer pin provided for that purpose.
Consult the Recording Time Chart for data on the recording time available
at 33.3 or 78 R.P.idl. at pitches of 98, 118, 141 and 161 lines per inch.

Direction of Cut - The record may be cut either "inside-out™ or Moutside-
TnY. On acetate coated discs it is recommended that cutting direction be
from inside to outside to avoid the difficulty of keeping the shavings
from interfering with the cutting. A Brush C199-A34 can be provided to
mount on the left front corner of the recorder panel to clear off the

shavings should it be necessary to make ™CUTSIDE-IN" cuts.

Direction of Cut Lever is accessible by removing the cover plate on the
right side of the overhead feedscrew mechanism. The desired direction
of cut is set by engaging either the "IN" or "OUT" gear on the gear shift
lever with the pitch gear on the feedscrew.

Stylus Angle of Cut Adjustment - The Angle of Cut Screw on the cutter-
head support casting permits adjusting the position of the cutterhead
for the required stylus cutting angle.

Depth of Cut - The cutterhead supplied with the recording mechanism
has a Depth of Cut Control Knob for controlling the depth of cut when
recording on acetate or similar materials,

Turntable Stop Pin and Clamping Nut - There is a removable stop pin on
the two inch diameter of the turntable to prevent discs provided with
suitably located stop pin holes from slipping while recording. The stop
pin may be removed with a sorewdriver when recording on discs which do
not have these stop holes. A clamping nut with a right hand thread is
supplied for holding disc securely to turntable.

The removable record stop pin may get mislaid when removed from turn-~
table., To prevent this possibility, it may be secured in threaded hole
approximately one inch above "OFF-ON" switch.

Feed Screw Engaging Lever - The feed screw engaging lever on the left
side of the axtterhead carriage when moved forward causes the feed
clutch to engage with the feed screw. This operation moves the cutter-
head carriage across the record surface at the desired pitch and direc~-
tion of cut previously set by the recordist,
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8. (Cutterhead Lowering Lever - The cutterhead Lowering lever, on the right
side of the cutterhead carriage, when moved forward causes a cam to
lower the cutterhead on the record surface.

9. (Cutterhepd Locknut and Washer - The outterhead must be held firmly on
the carriage casting with the spring washer and the shoulder sorew,
The outline drawing clearly shows this method of assembly. When proper=-
ly tightened, the cutterhead can be rotated from the recording position
back to a position where it is convenient to inspect or replace the
recording stylus.

10, Pickup - The Fairchild Unit 209 Pickup has an adjustable counterweight
and calibrated scale for varying the needle pressure from one to three
ounces., In playing back acetate or aluminum records a two ounce press-
ure is generally satisfactory. When a steel needle is used on aluminum
records, use only a one ounce pressure,

11. Record Time Scale - The record time scale shows the recording time in
minutes for each pitch and turntable speed, cutting ™inside-out™ or
"outside-in". The left end of the scale shows the turntable speed (78
or 33.3 RPM) for the respective scale and the right end shows the pitch
of 98, 118, 141, or 161. The numerals along the graduation of the
scales indicate the minutes of recording time. Rotate the scale into
that position corresponding to the pitch gear and the turntable speed
which you intend to use.

Before recording and while turntable is not rotating, lower the cutter=-
head so stylus bears on outer diameter of record about a quarter inch
from edge. Align Record Time Scale until index pointer on carriage

lines up with desired recording minutes on scale, Slide cutterhead to=-
ward center of disc wntil index pointer is at ™zero™. This locates the
starting groove for a record which has the required recording time, pitch
and turntable speed, while still utilizing the outer part of the record
where the quality of reproduction is the best.

MAINTENANCE ADJUSTMENTS = The Fairchild Recording Mechanism has adjustments
provided at all important points. These are carefully set at the factory and
locked at the position for best operation. Readjustments may be required from
time to time either on account of loosening due to moving the eguipment around
or to general wear.

l. Vibration - Excessive vibration cen be reduced by realigning the motor
cradle suspension beneath the panel. The motor cradle is supported
on fowr springs. The height of each spring is adjustable by means of
a stud and locknut. The adjustment is very oritical, only a fraction
of a turn being required to make a considerable difference in the
vibration level.

The rubber coupling connecting the motor to the drive may cause vi-
bration if it is torn or if the cement loosens between the rubber and
the collar. There are two end thrust adjustments on the two speed
drive, the worm end thrust setscrew and the gear end thrust setscrew.
These may be readjusted after a period of time to remove vibration
ariging from wear in the gear and the worm assembly.
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2. Groupin% - Grouping may be removed from a record by the correct ad-
Jjus tment of the feed screw and carriage. The feed screw is provided
with an end thrust sorew and locknut which presses a steel ball
against the left end of the feed screw. The right end of the feed
screw bears against a thrust washer backed up by a spring which keeps
the feed screw thrust directly against the steel ball under all oper-
ating conditions. See that ends are fully lubricated and set end
thrust screw until there is no perceptible end play in the feed screw;
also with feed screw clutch engaged and pitch gear removed, the feed
sorew must rotate without any binding spots. The carriage assembly
rolls along the two guice rods on three rollers. There are fowr set
screw adjustments beneath the two front rollers to restrict the carri-
age motion to a transverse motion only. These hardened ball surfaces
bear on the undersurfaces of the front guide rod one hundred and
twenty degrees from the roller contacting surface. The set screws
are set up so that carriage is exactly centered on front guide rod
and carriage rolls smoothly past the highest spot which may be on
guide rods. The set screws are locked by putting Duco Household
Cement on the threads. This adjustment is critical and was made at
the factory. It should not be disturbed unless the replacement of
parts has made it necessary.

Lubrication: The recording mechanism must be lubricated at regular intervals
To insure smooth, quiet operation and long life of the operating parts. Use a
high grade light machine oil.

Under normal operating conditions the equipment should be oiled regularly every
month. A more frequent lubrication may be necessary when the equipment is in
continuous operation.

1. Motor - The front and rear bearings of the motor are lubricated through
Two oil pipes located at the bottom of the gear pitch housing. Remove
the cover on the end of the gear pitch housing; there are two red tip=-
ped oil pipes just below the slotted opening in the panel. Lubricate
each o0il pipe every month with about ten drops of oil.

2. Drive Shaft Bearing - The drive shaft which operates the overhead feed
sorew runs in & bearing which requires lubrication. This oil pipe is
located in the pitch gear housing; it is directly behind the large disa-
meter drive gear; the tip of the oil pipe is painted red. Squirt about
ten drops of oil in this pipe every month.

3. Pitch Change Gears - With the pitch gear cover removed and the mechan-
ism operating, oil the bearing and gear teeth of the large drive gear,
the "N® and “OUT" gears and the pitch gear on the feed scrow; push the
"Direction of Cut®™ arm in and out several times while applying a few
drops of oil to the bearing on which it slides.

4., Feed Sorew Carriage - A genereal lubrication is necessary on the bear-

Maintain a light film of oil on the surfaces of the guide rods and the
feed screw. The cutter carriage rolls along the guide rods on three

l

ing and engaging surfaces of the overhead feed screw ocarriage mechanism.
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The notes covering the general and maintenance adjustments of the
Model 199/220 Recording Mechanism also apply to this model. See
index for this information,

rollers which are packed wWith sufficient grease so as to require lubrica-
tion only at intermittent intervals; an occasional few drops of oil will
stop any squeaks from these rollers. The cutterhead support arm moves
vertically on a ball bearing adjustable hardened cone seat; this pivot
point mist be kept frictionless by applying a few drops of 0il on each
bearing. The feed screw clutch rides against a machined face on the
cutterhead casting; these faces should preferably be lubricated with a
light bodied bearing grease although machine oil wil serve the purpose;
also maintain an oil film on the thread engaging surface of this clutch.

5. Two Speed Drive = The twospeed turntable drive mechanism should be
lubricated every month; there is a hole in the turntable which gives
access to an oil cup and two oil holes (painted red). The turntable
should be removed every six months and the breather cap nut removed on
the top face of drive to check the oil level. Use Esso #l or an equiv-

alent grade of oil and fill until level is 1 3/4 inches below top face
of drive cover as measured with a small rod.

6. Pickup - The pickup arm moves vertically and horizontally on four ball
bearing adjustable hardened cone seats. Apply a drop of o0il in each
bearing every month. '
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APPLICATION - The Fairchild Unit 214-3A Cutterhead has been designed for direct lateral
recording of sound at 33-1/3 or 78 revolutions per minute on aluminum discs, plasticized
cellulose nitrate or "acetate-coated" aluminum discs, plasticized thermo setting phenolic
resin discs or gelatin composition discs.

This cutterhead may be mounted on the Fairchild Unit 199 and Unit 220 Recording Mechanisms.
For Unit 199 Recorders bearing serial numbers 610 and below and Unit 215 Recorders, serial
numbers 59 and below, it is necessary to use the Unit 214-3D Cutterhead which has an
adapter bracket attached for setting the cutting angle of the cutterhead.

The cutterhead may be used on other makes of recording mechanisms by replacing the mount-
ing ear on the back of the cutterhead with an adapter machined to mount on the feed car-

riage assembly. The outline drawing below shows general mounting dimensions required on

the cutterhead.

It 1s recommended that the cutterhead be used with matching transformer F43-19 for connec-
tion to a 500 ohm output amplifier. A power level of 20 decibels (0,6 watts) will drive
the cutting stylus at an amplitude of 0.002" at 1000 cycles.

It is recommended that the cutterhead be used with the matching network F43-33 and C2l4-
A28 for connection to a 500 ohm output amplifier. A power level of 24 decibels (1l.5watts)
will drive the cutting stylus at an amplitude of 0.001" at 400 cycles per second (2.5
inches/second stylus velocity).

The Unit 246-247 Fairchild Recording Amplifier is especially recommended in recording with
this cutterhead when the ultimate in performance is required and the equipment 1s intended
for a permanent installation.

The Unit 219 or 295 Fairchild Recording Amplifier is recommended for recording when the
equipment must be portable and used out in the field.

"FLOATED" AND "ADVANCE SHOE"™ CUTTING - There are two methods of recording in common use -
the "floated" and the "advance shoe" cutterhead. Either method may be used when the cut-
terhead is mounted on the Fairchild Unit 199-3 and Unit 220-3 Recording Mechanisms.

In either case a perfect recording is dependent on the quality of the disc selected for
recording. Discs that are warped or have a pronounced nonuniformity of the surface such
8s pits, bubbles, bumps or hard spots may result in defective records.

The "floated" cutterhead requires a stylus pressure of about three ounces maintained by a
spring edjustment and a stylus angle of O to 3 degrees normal to the record. The various
types of record materials have different cutting characteristics so that the stylus pres-
sure and angle should be adjusted to give the cleanest and most quiet cut. The depth of
cut 1s dependent entirely on whether the record surface is flat and the material of uni-
form hardness and thickness. The cutterhead will plough through the "ups" and '"downs" of
the disc surface producing deep and shallow grooving with consequent variations in surface
noise. On badly warped discs the stylus may bite into the aluminum undersurface and ruin
the stylus. "Wows" are also thc direct result of an uneven record surface.

The "advance shoe" on the cutterhead reduces these hazards considerably, especlally on
warped discs. The depth of cut is fixed by the distance between the riding surfaces of
the advance shoe and the stylus point. The shoe pressure of twelve ounces helps to keep
a uniform depth of cut despite the presence of hard and soft spots on the discs.

However, failures due to uneven coating or excessive warping cannot be entirely eliminated
by the advance shoe. Your disc supply is of the utmost lmportance. Discs supplied by
Fairchild are inspected with reference to warping, thickmess of coating and surface irreg-
ularities. They are supplied with the requirements of the Fairchild Recorder in mind.
They cost no more than other discs which may or MAY NOT consistently produce good record-
ings.

STYLIt - The Cutterhead has two stylus holes in the stylus chuck. The front hole 1s 19
degrees off normal to the recording surface for embossing aluminum discs with a polished
dismond stylus. The rear hole is 6 degrees off normal for cutting "acetate-coated" and
similar type discs with a steel or sapphire cutting stylus.

The cutterhead 1s designed for use with a standard cutting stylus (5/8" long and 0.064"
to 0.065" diameter). The "advance shoe™ has sufficient travel for stylus lengths from
9/16 to 11/16 inches to permit using resharpened stylii.

We recommend Fairchild stylil for use with this cutterhead. Although others may be used
successfully, ours are manufactured and inspected to specifications., Each sapphire and
diamond is individually tested for surface noise and an inspection certificate is supplied.
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ﬂ The life of a sapphire stylus, depending on its care and use may range from zero to fif-

teen or more hours of cutting time. Used on old dry discs or others with particles of
foreign matter in the coating, the cutting edge may be dulled quickly. Cutting through to
the aluminum will necessitate resharpening before the stylus can be used.

The steel stylus may produce as fine a recording as the sapphire for up to 60 minutes re-
cording time. Ordinarily the sapphire is at least four decibels quieter than the steel.
Most recordists prefer to change the steel stylus after every fifteen minutes recording
when the disc is for broadcast or pressing purposes,

The diamond stylus used for aluminum recording has an indefinitely long life. With rea-
sonable care, repolishing tne diamond should not be necessary unless the stone is acci-~
dently chipped.

RECORDING ON ACETATE - Successful recording on acetate requires careful attention to de-
tails; otherwise, a large percentage of records will be spoiled. Nearly three quarters of
a mile of shaving must be removed from a sixteen inch disc at 118 lines per inch. 1In order
to cut a smooth, polished groove on the entire record, the cutting stylus must have a pre-
cision cutting edge which does not dull too quickly. If this is not up to standard then
the surface noice will be objectionable and the high frequency response will be limited.
Th~ stylus must be properly mounted and the disc surface lubricated to preserve this fine
cutting edge. The following recommendations are offered from actual recording experience.
It 1s believed to be the best technique for consistently obtaining satisfactory recordings.

1. LUBRICATION - When recording on acetate, lubricate the disc before cutting with a
thin coat of o0il (Record Lubricant VJCOY) applied with a pad of lintless cotton cloth held
on the rotating disc, working from inside to out. This is recormmended for the following
reasons: 1t provides a comparatively frictionless surface for the advance ball to ride on;
it cleans the surface of dust, grit or shavings that might damage the cutting needle or
collect under the advance ball; and, perhaps most important of all, it prevents the shav-
ings from sticking to the disc and increasing the chance of "balling up" around the stylus.

Only a VERY light coat of lubricant is needed. Too much makes the record "messy"; it
collects dust and grit. NEVER use oil if recording is intended for processing and press-
ings. The o1l interferes with plating processes. INSTEAD, use a liberal application of
the Record Fixer VJCTD evenly applied with a clean lintless pad. This dries quickly,
leaving a slight white deposit which does not interfere with plating. DO NOT apply this
Record Fixer until immediately before recording since the record surface becomes much
harder after standing for any length of time after such treatment.

2. THROW - The stylus may be set about 5 degrees from the normal position (cutting face
nermal to sound track) so as to throw the shaving slightly toward the center. The amount
of throw varies with the diameter at which you may be cutting. At the five-inch center,
where test custs are usually made at 33.3 R.P.M., 1f shaving throws about 1/4 inch it
should be sufficient - less may be erfectly satisfactory. Round shank stylii are preferr-
ed to those with flats on them as the former may easily be turned to throw the shaving as
desired.

To gauge the stylus throw requires considerable skill, The tendency is to install the sty-
lus with a larger throw angle than necessary. In this case, the cutting edges of the sty-
lus are not normal to the groove, 0Only one side of the groove 1is completely polished by
the cutting edges of the stylus and causes an unnecessarily high surface noise,

A stylus can be supplied with a flat on end of shank; the face of the stylus is ground at
the correct angle to this flat to plow shavings toward center of record; the cutting edges
are lapped parallel to this flat to maintein cutting edges normal to the groove, polishing
both sides of the track. This stylus requires less skill to install and insures minimum
surface noise.

3. CUTTING ANGLE - Adjustment of the position of the cutterhead is easily made so that
the angle of the stylus may be varied to suit various individual requirements. This is ac-
complished by the control screw pressing on the seat at the rear of the head which, when
turned clockwise, raises the front end of the cutterhead. Under usual recording conditions
best results are obBtained when the nose of the cutterhead is between zero and 1/16 inch
lower than the rear. (Equivalent to stylus angle of 6 to O degrees from normal to the rec-
ord}. This may vary with different styles of cutting stylii. Cutting stylii that first
tests may indicate to be nolsy often become quiet when the angle is properly adjusted.

4. DEPTH OF CUT - The depth of cut must be carefully adjusted on the sample test cuts.
If too shallow a cut 1s made, the sound groove will not be deep enough for the pickup to
track in. On the other hand, too deep a cut will increase the chance of penetrating the
acetate coating (from .003" to .007" thick), cut into the metal under-surface and ruin the
cutting stylus.

Adjustment for depth of cut may be made with the Advance Shoe Control Knob. Each full turn
of the knob advances the shoe by 0.00056 inches. The knob has eight vertical index lines
spaced forty-five degrees apart. Therefore, turning the knob equivalent to one index line
increases the depth of cut by 0.0007 inches.
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5. SHAVINGS -~ With a good cutting stylus in proper adjustment and a satisfactory disc,
little trouble need by experienced with the shavings on Failrchild Recorders. If the shav-
ing starts to plle up, leave it alone; it will usually clear up of 1itself. This 1is hard to
realize for operators of other recorders who have rulned many recordings because of shav-
ings. Sometimes you may assist the clearing up process by blowing the shaving toward the
center. Any touching or jarring of the cutterhead in this instance may ruin the groove. A
specially designed brush, C199-A34, 1s avallable for mounting directly on the front right
corner of the Unit 199 and Unit 220 Recorder Mechanisms to take care of the shavings. This
is absolutely necessary if you wish to cut from the "outside-in".

6. RECORDING LEVEL - Recordists accustomed to othér types of cutting heads are often in-
clined to record at too low a level to avold a "repeat"., This results in a higher surface
noise than is necessary. The volume indicator may swing to plus 24 and even plus 26 decibel
on occasional peaks with no danger of "repeats" at 118 lines per inch. The only limitation
is the quality which may break down or become generally unsatisfactory if the level 1s main-
tained sbove plus 24 decibel for more than the momentary peak. Do not be continually moni-
toring the volume control trying to hold a constant level. This destroys the natural dynam
ic volume range of the voice or music when played back. Rather, establish through a pre-
liminary test the loudest level and set the volume control to peak at plus 24 or even plus
26 decibel; then move the dial only as much as may be necessary to avold too much surface
noise during extremely low level passages,

7. 8OFT DISCS - Occasionally the recordist will encounter soft discs, particularly
when recording outdoors in the summer. It may be necessary at times to experiment with
sample record materials which are very soft. In these cases the advances shoe will score
the record surface when the normal twelve ounce pressure 1s used. Attach the Stylus Pres-
sure Spring (on the Unit 199/220 Recording Carriage) and reduce the stylus pressure to
about six ounces.

8. A dull stylus may cause the shaving to ball up. If in the midst of a recording, the
only course open is to trust to chance 1t will "turn out all right" or switch over to a
spare recorder and finish the recording on another disc.

9. Do not record closer than 1/4 inch from the edge of the disc. Otherwise perfect
discs msy be rough at the edge. This 1s especially true of discs that are manufactured by
the "whirled" coating process.

10. Recordings intended for processing and pressings MUST be made on over-size discs. A
16 inch pressing requires a 17% inch disc. The recorded portion MUST end, however at not
over 15-3/4 inch diameter.

OPERATING SEQUENCE ON ACETATE RECORDING WITH "ADVANCE SHOE" - The sequence of operation
viich it 1s desirable to carry out when recording on acetate and using the "advance shoe"
method is as follows:-

1. Select a disc which is reasonably flat and free from bad surface defects.

2. Select a recording stylus which has preferably been check for surface noise. Ex-
perienced recordists prefer to file away their recording styliil by serial number and log
the surface nolse and actual recording time. By systematically keepling thils data in
leisure moments, it i1s possible to maintain a consistent standard of performance and pre-
dict when it 1s necessary to discard or resharpen a dull®*stylus. This practice minimizes
the embarrassing discovery, only after an important recording is already started, that a
stylus is bad.

3. Swing cuttérhead to inverted position. Insert stylus fully into rear hole. Secure
stylus firmly with the clamping screw after the cutting face has been set with the desired
amount of "throw". A convenient tool for holding the stylus and msking this throw adjust-
ment accurately is shown in Figure 1. It may be easily made up or purchased from Fairchild

4. Turn Advance Shoe Knob clockwise until advance shoe will definitely prevent stylus
point from touching record when cutterhead is swung back to the recording position.

5. Lubricate the surface of the disc with the o1l lubricant.

2A
6. Swing the cutterhead around to slightly past the horizontal position. The Angle of
Cut Screw must butt against the stop on the rear of the cutterhead., The advance shoe
should rest on record surface {(not rotating). Turn Angle of Cut Screw clockwise until the
stylus of the cutterhead is vertical to tthe disc or slightly dragging.

6. Swing the cutterhead around to slightly past the normal horizontal cutting position.
The Angle of Cut Screw must butt against the stop on the rear of the cutterhead. The ad-
vance shoe should rest on record surface (not rotating). Turn Angle of Cut Screw clock-
wise until the undersurface of the cutterhead is horizontal with the disc or slightly
nosed up.
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7. Start a test cut on the five-inch diameter at 33.3 R.P.M. Turn Advance Shoe knob
counter-clockwise until the stylus barely scratches the record surface. This is the "zero
depth of cut". Turn the knob counter-clockwise equivalent to from 2.75 to 3.00 index lines
engraved on the Advance Shoe Knob. Each index line is equal to increasing the depth of
cut by 0.0007 inches. The recommended depth of cut is 0.002 inches. This may be checked
by measuring the shaving with a micrometer. However, the experlenced recordist can usual-
1y judge the cutting depth by observing the shaving. Notice whether the shaving has the
proper throw. Place pickup (connected to smplifier and speaker) in the blank groove and
carefully listen for minimum surface noise while slowly turning the Angle of Cut Screw
cloclwise. The optimum angle 1s about three degrees dragging for the average stylii and
record material. However, there is a difference in the cutting characteristics of some
record blanks and it 1s advisable to adjust the stylus for minimum surface nolse, particu-
larly when using unfamiliar brands of record materials or stylii for the first time., Make
any necessary readjustments during the test cut to secure the best result.

7. Start to make a test cut on the five-inch diameter at 33.3 R.P.M. Turn Advance Shoe 4
knob counter-clockwise until the stylus barely scratches the record surface. This is the
"zero depth of cut", Turn the knob counter-clockwise equivalent to from 1.75 to 2.25 in-
dex lines engraved on the Advance Shoe Knob. Each index line 1s equal to increasing the
depth of cut by 0.001 inches. The recommended depth of cut is 0.002 inches. This may be
checked by measuring the shaving with a micrometer. However, the experienced recordist
can usually judge the cutting depth by observing the shaving. Notice whether the shaving
has the proper throw and the stylus is cutting quietly. Make any necessary al justments
during the test cut to secure the best result.

8. The preliminary adjustments are completed and the cutterhead may be raised by lever
on right side of cutterhesad carriage mechanism. Start the recording on a six and a half
inch dlameter, cutting about three full revolutions with blank grooves before raising the
amplifier volume control to the recording level.

OPERATING SEQUENCE ON ACETATE RECORDIMGE WITH "FLOATED" CUTTERHEAD - The above procedure is
for using the "Advance Shoe" method c¢f cutting. For those recordists who prefer the "Float-
ed" method of cutting, the following recommendations are offered.

First observe the suggestions in paragraphs one to six inclusive. Then attach the Stylus
Pressure Spring and turn its control Knob (on the Unit 199/220 Recording Carriage) counter—
clockwise until the stylus pressure 1is three ounces (measured by a small four ounce spring
scale fastened to nose of cutterhead). ©Note that the advance shoe has been deliberately
left in a position to protect the cutting stylus during these early adjustments,

Ralse the cutterhead off the record surface. Turn Advance Shoe Knob counter-clockwise un-
til protective shoe permits stylus to ride freely on record. Gently lower the cutterhead
and make a test cut on the five inch dlameter at 33.3 R.P.M. Readjust the stylus Pressure
Spring Knob if necessary to get the desired cutting depth. Observe whether the stylus is
cutting quietly during this test cut and readjust stylus angle if necessary. Make any
necessary readjustments to secure the best results.

The cutterhead may then be raised after satisfactory recording adjustments are attained on
the test cut. Start recording on a six and a half inch diameter. Cut about three full
revolutions with blank grooves before railsing the volume control of the amplifier to the
proper level.

OPERATING SEQUEMCE ON ALUMINUM RECORDING - The embossing of aluminum requires much less
skill end practice than acetate. Although it 13 possible to record a wide frequency range
on aluminum the surface noise 1s objectionable for high quality work. The higher frequen-
cles can be reproduced by using a steel needle in the pickup and a needle pressure of
about one ounce but the record is badly worn after only a few playings. Normally the rec-
ords are played back with the thorn needle (code "VKDCL" or "VKDEK") to get longer record
1life and lower surface nolse, despite the fact that frequencies about four thousand cycles
per second are not reproduced.

The following recording sequence is outlined for reccrding on aluminum:-

1. Select a disc which 1s flat and free from bad surface defects. When the disc is warp-
ed take the trouble to bend the disc until it seats flat on the turntable,

2. Swing the cutterhead to the inverted position. Insert the stylus fully into front
hole. Secure stylus firmly with the clamping screw. Turn Advance Shoe Knob to raise the
advance shoe clear of the record surface.

3. Lubricate the surface of the disc with a light film of oil Lubricsnt (Code VJCOY) if
the record blank is not of the pre-lubricated type.

©John F. Rider
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4. Swing the cutterhead around to slightly past the normal horizontal cutting position.

The Angle of Cut Screw must butt against the seat on the rear of the cutterhead. Turn I
Angle of Cut Screw clockwise until the underface of the cutterhead is horizontal with the
disc.

5. Make several test cuts on some waste aluminum records to find the best position to
mount the stylus for minimum surface noise. A diamond may have one or two slight imper-
fections on the highly polished ball-shaped stylus point which forms the reczord groove,
Rough edged particles of aluminum inbed themselves in these indentations and tear into the
side walls of the record groove which causes a high noise level on the record. Therefore,
it 1s desirable to orient the diamond in the stylus chuck to avoid these occasional bad
spots in the recording stylus,

6. Once these adjustments are made to your satisfaction, a large number of aluminum
records may be cut without the necessity of any further stylus or angle of cut ad justments,

CMECKING SURFACE NOISE, EFFICIENCY AND FREQUENCY RESPONSE - The recordist should adopt
some method of checking a recording installation perlodically for surface nolse, effici-
ency and frequency response. The following paragraphs outline the inspection routine
used at our factory. A beat frequency oscillator, output level indicator with a plus 36
to a minus 20 declbel range, and an RCA #23 constant frequency record are required for
making these measurements,

Drive the recording amplifier with the beat frequency oscillator. Maintain a plus 20 db.
level across the 500 ohm side of the matching transformer at all test frequenclies., Cut
inside-out on a 10 to 14 inch dlameter at 33.3 R.P.M. Record successively frequenciles of
1000, unmodulated groove, 50, 200, 400, 1000, 2000, 3000, 4000, 5000, 6000. Record each
frequency including the unmodulated groove for about fifteen seconds with about a three
second silent perlod between eacH frequency.

1. EFFICIENCY - The efficiency of the cutterhead 1s measured by comparing the 1000
cycle per second groove of the test record with the 1000 cycle per second groove on the
RCA 23B Record. First play the RCA 23B Record at 78 R.P.M. and adjust the playback ampli-
fier output level to plus 20 decibel across a 500 ohm resistive load. Next play the 1000
cycle per second groove on the test record and observe the decibels above or below the 20
decibel reference level. This reading indicates the cutting efficiency in declbels of the
cutterhead in terms of a representative 0.002 inch amplitude 1000 cycle per second groove
at 78 R.P.M. when a 20 decibel level is maintained across the cutterhead. Normal cutter-
heads will be within three decibels of this reference level. If the level 1s below 8
decibels the crystal is cracked and must be replaced.

2. NOISE LEVEL - The nolse level 1s measured by comparing the unmodulated groove on the
test record with the 1000 cycle per second sound groove on the RCA 23B Record. First cali-
brate the pickup and playback amplifier for plus 30 decibel output across a 500 ohm resis-
tive load using 1000 cycle per second groove on RCA 23B Record played at 78 R.P.M. as
representative 0.002" amplitude groove. Then playback the unmodulated groove on test
record with the calibrated pickup and amplifier. Read the noise level in decibels below
this representative level,

The noise level on the surface of the turntable (-44 db. below plus 30 db. playback refer-
ence level on Unit 199/220 Turntables) will ordinarily mask the actual surface noise of
good recording stylii and acetate discs at 33.3 R.P.M. particularly on diameters under
ten inches. When interested in the relative superiority of disc material and cutting
stylii, record the blank groove at a speed of 78 R.P.M. so that the surface noise due to
cutting is above the vibration level of the turntable,

Nolse level measurements will depend entirely on the record material, stylus and its ad-
Justment. It also increases with record diameter and turntable speed,

Normal readings on acetate records on a twelve-inch diameter should be from -40 to -44 db.
below the plus 30 db. playback reference level at 78 R.P.M., from -45 to -50 db. at 33.3
R.P.M.

Normal readings on aluminum records on a ten inch diameter should be from -24 to -26 db.
below the plus 30 db. playback reference level at 78 R.P.M., from -32 to -36 db. at 33.3
R.P.M. When using a thorn needle instead of a steel needle for playback these readings

will be from 4 to 6 db. lower,

3. FREQUENCY RESPONSE - Playback the 1000 cycle per second groove on the test record
with the pickup and playback amplifier calibrated at plus 20 db. level across a 500 ohm
resistive load. Observe the output level Indicator readings at the other test frequen-
ﬂ cles 1in decibels above or below this zero reference level.

Normal average readings should be as follows when the Unit 199 Recorder and the Unit 219
Amplifier is used for this measurement,

Frequency 1000 50 200 400 1000 2000 3000 4000 5000 6000
Level 0(+20) -16 -8 -4 0 +2 +8 +4 +1 -5

3, FREQUERCY RESPONSE - The frequency response is measured by comparing the width of the
diffraction pattern on the test record with calipers, The pattern should be uniform in
width between 400 and 8000 cycles (within twenty-five percent of the 1000 cycle patterm).
Each successive frequency pattern below 400 cycles should be about half the width of the
ad jacent higher frequency pattern.
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Overall Gain - 50 ohm Mic. to 50C ohm OQutput 105 db.
150,000 ohm Pickup to 500 ohm Output 70 db.
500 ohm Line to 500 ohm Output 65 db.
Frequency Response within 1 db. 50 to 10,000 cep.8.
Distortion - € 500 ohm "RECORD™ Output Secondary 2.0% @ + 20 db.

5.0% 4 + 26 db.

Noise level below 20 db, (0.6 watts)

Mic. Input =35 db.

Pickup Input -60 db.

Line Input -60 db.
Input Power 120 watts, 105/125 volts, 50 to 60 cycles
Fuse Protection 2 smperes
Input Impedsance - 50, 125, 200%, 250, 333, 500* ohms

and bridging balanced center tap high impedance.
*Balanced center tap.

Output Impedance 7.5, 250, 500 ohms

Tube Complement 4-6C6 (F type); 2-6B5; 1-6H6; 1-5Z3
Weight 47 lbe.
Trunk Dimensions 193" width; 18 3/4™ height; 8 3/4" top depth;

13% bottom depth.

Rack Panel Sitze 19" width; 173" heights; 184" mounting centers

Clearance behind Panel 6 inches

INPUT CIRCUITS ~ The amplifier is provided with three screw type receptacles for Miocro-
phone, Piockup and 500 Ohm Line input comnections. The plugs to fit them are Amphenol
Type MC3M plugs. The three position Input Selector Switch located centrally with res-
pect to these three input receptacles is provided for selecting these inputs.

1. The Microphone receptacle is for oonnection to any standard microphone. The over-
all gain is such that it is unnecessary to use extra preamplifiers for picking up sound
from large orchestras or sound several feet sway from the microphone.

The microphone input transformer has 50, 125, 200, 250, 333 and 500 ohm inputs avail-
able, The 200 and 500 ohm primaries are of the "balanced center-tap-to-ground™ type.
The standard wiring to the microphone receptacles as shipped from the factory is 50
ohme. This input transformer is encased in a high permeability case to reduce hum
pickup from stray magnetic fields and it is located off the chassis and mounted in the
rear left corner of the trunk to reduce hum pickup to a minimum.

The various input impedance taps are accessible by removing the top cover of the trans-
former held on by four screws. Relocate the leads for desired input impedance in accord-
ance with comnections shown on the schematic diagram. A high inpedance push-pull input

for crystal miocrophones or when using amplifier as a bridging device is available by
removing control panel from amplifier and soldering jumpers from the respective twd
microphone receptacle input terminals to the 6C6 input tube grids.

©®John F. Rider, Publisher
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2. The Pickup receptacle is for comnection to the Fairchild Crystal Pickup or any
similar high impedance device with an output from =40 db. to =10 db. The two output
connections must be carried in a grounded shielded cable; neither side of device
should be grounded.

3. The 500 Ohm Line receptacle is for comnection to any 500 ohm line, with one side
grounded and with a =20 to O db. level. In the event that a connection must be made to
a "balance cent er-tap-to-ground® line, use the Miorophone receptacle as the input,
Revise the input transformer connections either to matoh this line or use the amplifier
as a bridging device as described above. It may be desirable to insert a 40 db. atten-
uator between the source and the amplifier in order to have a smooth range of control
in the Volume ecomtrol.

OUTPUT CIRCUITS - The output transformer has been designed with two separate second=-
aries to supply a 7.5 ohm and a 500 ohm load simultaneously; the 500 ohm secondary has
a 250 ohm tap for connection to two 500 ohm loade in parallel, A switch "LINE-BOTH-
RECO<D™, & four position “SPEAKER™ attenuator and three output receptacles are provided
to take care of various output load requirements.

The monitor speaker is located on the main panel and plugs into the chassis by means of
8 standard five hole socket. Output level to the speaker is controlled by means of the
four position "SPEAKER™ control which inserts an attenuator network in the voice ocoil
cirouit. This control is provided to permit playing the speeker at a lower output than
the level being maintained at the 500 ohm secondary which is usually driving a record-
ing cutterhead at a plus D db. level,

u The “LINE-BOTH-RECORD"™ switch will supply either an output signal to a 500 ohm record-
ing cutterhead, to an outgoing 500 ohm line or to both simlteneously. This latter con-
dition is oocasionally necessary where an audition may be required while the recording
is in progress. The switch connects the amplifier 500 ohm output secondary to the
"KECORDER® 4 prong, sooket or to the "500 OHM LINE™ jack when in the' respective "RECORD®
and “LINE™ positions. In the “BOTH"™ position the "RECORDER" 4 prong socket and the “500
OHM LINE™ jack are comnected in parsllel to the 250 ohm tap on the output winding.

The "MONITCOR™ jack is wired to the 250 ohm output secondary. A high or low impedance
headset may be plugged into this jack when it is desirable to use a headset rather than
& loudspeaker for monitoring.

OUTPUT LBVEL INDICATGR - The Output Level Indicator is a milliameter and a 6H6 tube
rectifier. The dial scale is calibrated in decibels and the zero reading is equivalent
to & plus 20 db, level (0.6 watts) across a 500 ohm resistive load. The indicator has

a demping and speed approximating the standard general purpose instruments in commercial
use. When replacing the control panel after service and inspection teke care not to
short the binding posts on the rear of the indicator againet the chassis. A proteotive
insulating pad is provided on the rear of this instrument and it should not be omitted.

POWER SUPFLY DATA - This amplifier has its power supply integral with the chassis for
operation on a commercial 50 to 60 oycle, 105 to 125 volt A.C. line. The total wattage
required is 120 watts. The amplifier is protected with a 2 ampere fuse. This fuse
(radio type 1-1/a" long) is accessible by removing the four screws holding the i1llumin-
ated nameplate. The fuse holder marked "A™ is the amplifier fuee. There is also a fuse
holder marked "M" rated at 10 amperes on the right side, This fuse protects the 116 volt
connection to the large pins on the RECORD receptacle brought out an the control pansl
for a powsr oomnnection to motora on assooiated equipment, ©.ges the Fairochild Unit 199,
Unit 220 or Unit 219F Turntables.

The “OFF-ON® switoh controls the power supply to the amplifier and the extermal motor
cirouits. The pilot lamp (Mazda bayonet base, round bulb, 6/8 volts) serves as & warn-
ing when the equipment is turned on.

©John F. Rider,
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A small 4-hole socket is located on the top deck of the amplifier chassis for supplying
6.3 volts, 1.5 amperes A.C. and 250 volts, 10 milliamperes U.C. to operate a small exter-
nal radio tuner or preamplifier.

RACK MOUNTING - The emplifier, speaker and control panel are mounted on a 17-1/2 x 19
inch standard size rack panel. The complete panel may be rack mounted when desired by
removing the six large knurled thumb sorews holding the panel to the tray sticks of the
trunk., <he input transformer, which is commected to the amplifier chassis with two
shielded cables, should be mounted on the rack at any convenient location. Care shouléd
be taken to mount it so that hum is not picked up from the amplifier power supply or
from any other stray magnetic fields from equipment already mounted on the rack.,

MAINTENANCE = In the event that the equipment fails to function in the normal manner
check all input and output cirocuits for continuity. If a casual general inspection does
not indicate the trouble turn the amplifier off, remove the tubes from the sockets and
check them in a reliable tube tester. In case of a failure not traceable to either faulty
input or output circuits or to tubes make a systematic point to point voltage test. For
this test the tubes should be in their respective sookets and the power turned on. The
voltage readings can be conveniently made by merely unscrewing etched control panel on
the amplifier. This leaves the entire under-chassis wiring open for inspection. The

voltas:xeadings should agree with the values given on the schematic diazram within ten
percent,

The majority of service failures merely require tube replacements in amplifier equipment.
It is advisable to have a set of spare tubes set aside for this emergenoy. Before stor-
ing them away the tubes should be ocarefully checked in the amplifier for normal gain,

for freedom from microphonics and for absence of extremeous background noise,

TUBE REPLACEMENT - When it is necessary to make tube replacements the following points
should be considered for the most satisfactory operation. For the input 6C6 stage use
a pair of matoched tubes which do not show any miorophonic tendencies. This can be
determined by tapping the input tubes with the monitor speaker on a full gain to see
whether an acoustic howl will build up between the speaker and the input tubes. |

Use matched sets of 6C6 tubes on the second stage and a matched set of 6B5 tubes in the
output stage. The mutual conductance of the sets should be matched within ten percent.

Defective 6B5 tubes may be recognized by a slight gurgling or a raspy whistling sound
in the speaker when no signal is on the emplifier. Weak overall gain is also an indica-
tion of defective 6BS tubes.

The 6H6 serves as the rectifier for the Output Level Indicator. Faulty operation of
the Output Level Indicator is remedied generally by replacing this tube. Satisfactory
performance will be obtained using an average good tube.

The 5Z3 provides the necessary operating D.C. voltages for the amplifier. The seleo-
tion of this tube is not oritical.

The tubes are accessible for replacement by removing the complete panel from the trunk
held in place by six thumb screws. Tilt the panel forward and remove the tube shields
and tubes. When replacing tubes make sure that the grid clamp on the grid cep of tube
is not grounded on the top section of the tube shield.

©John F. Rider,
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l 1. SPEAMER PROVIOED WITH 500

SPEAKER SELECTION:
A. L2 SPEAKLR.

20 WIDE * 30"LONG.

T'OEPTH AT BOTTOM

4% DEPTH AT TOP

WiTH A CHOICE
412 WAty SEEAIGR-CO0E ViKY,
28 WATT SEEA
S3UATT AR EB%E
oR

B SPEAKIR _ASSCMALY
12/5W'DL "6 4 LONG
40 leH AT BOYVOM

4 WaTT SPEAKER-M-VIBNV

OrM
LINE MATCHING TRANSFORMER &
LEADS TERMINATED AT JACK ON
TOP FACE OF CABINET.
2 EITHER HANG SPEAKERSON wWALL
OR STAND SPEAKER On STAGE
IN INVERTED FOSITION

LINE SOCKET TO SPEAKER CABLE (SOFT)
CODE-V!

MICROPHONE.

UNIT 29 AMPLIFIER
~VHAHT

«——— —————

RECORDER SOCKET TO SPEAKER CABLE (SO FY)
CO0E - visPw

PICKUP  SOCKET ——

/

ust. YNIS ourL:Y Jo OP[NATE UNT |99Ycﬁ zlwr JURNTARLE

1 N\ MOTOR WHEN PLAVING RECORDS T KER

\ F‘UBLI(. ADDQI.SS SYSTEM. CONNECY PICKUP CABL[ CN UNI' 199
219 TURNTABLE PANEL INTO PICKUP SOC

or AMPLIFIER AND THROW INPUT SWITCH TO Pu.

\ 'RECORDER SOCKE T-500 OHMS

S00 OHM LINE SOCKET,

] OUYPUT SWITCH aun T 29 Duias. J'At".'a Prsesc Arowasy
~ 2 SET M_ TSEN %5{7&4& YSV;’%A%QA“‘:Rs SN TANEOUSLY. — IrTALATION

20FT SHELDED CA 5 3 OPE =3 e

< EEEGIES L SET AT ALL YO OPERATE RIGHT SPEAKER. [P o

UNIT 219 DUAL SPEAKER PUBLIC ADDRESS INSTALLATION © o-29-5)

MICROPHONE -

300 OHM LiNE

~ SET IWICH TO NUMERAL CORRESPONDING TO
NEAREST NUMBER OF MEADMETS COwNECTED
1O JACKBOYES

HEADSET MATCHING BOX
cooe -

uNIT 199 RECORDER & VIEXS

ynaoe UNIT 219 AMPLIFIER
CODE- VMAHT
UNIT 219 A F PLAYBACK
CaDE-vHaPE

DUTPUT® SWITCH AT “LINE' FOR MAXIMUM OUTPUT. IF RECORDING MUST BE CARRIED ON
SIMULTANEOUSLY  WITH HEARING AID WORK SET SWITCH AT “BOTH. FOLLOW INSTRUCTION
MANUALS ON RESPECTIVE UMITS FOR OPERATING INSTRUCTIONS. CONSIDER MEARING AID
EQUIPMENT 45 THE EGUIVALENT OF AN EXTERWAL LOUDSPEAKER. CONTROL THE SOUND OUTRUT
TO HEARING AID wiTH THE "VOLUME® CONTROL ON AMPLIFIER. SET LEVEL WIGH ENOUGH
TO ACCOMMODATE  THE DEAFEST INDIWIDUAL N THE GROUP. EACH HEARING AID WEADSET
HAS T3 DWN YOLUME CONTROL wWICH CAN BE SE” BY THE PERSON WEARING THE MEADSET
TO HI5 INDIVIDUAL REQUIREMENTS. THE VOLUME LEVEL OF TME LOUDSPEAKER BUILT IN THE
UNIT 219 AMPUIFIER TRUNK CAN BE EITHER AT “OFF" DR AT AnY OF TME TWREEL VOU AL
POSITIONS  INDICATED OW “3PEAKER™ SWITCH; WITKOUT AFFECTING THE YOLUME LEVEL
PREVIOUSLY ESTABLISHED FOR THE HEARING AID GROUP.

REARING AID WEADSET
/ USE CODE -YLENV FOR YERY DEAF.
USE CODE -YLEOW MR MODERATELY DEAF

/

PLUG HEADSETS IN pPACKBOX 43 REQUIRED. SET (NDIVIDUAL Va4 &
HEADSET VOLUME CONTRGL FOR DESIRED (OUDNESS ~. CONNELT INTO WEADSET MATCHING BOX OR TO
CONVERT FROM VLENV "0 VLEOW ' BY MERELY REMOVING y ADDITIONAL JACKBOXES DN 4N ADJACENT TABLE

PAPER SPACER UNDER HEADIET DIAPHRAGM.

/ SETUP AND INSTRUCTIONS
FOR
—— — — — UNIT 219 HEARING AID ACCESSORIES
op——: b {F F f
o oo
= e J e |
' SCREW WHOLES FOR FASTENING TO LEDGE
il CODE ViEwe \
J i THRCHIE A MIAL FAWERT T PT Cw YORR TNTR
Jy‘ STANDARD ASSEMBLY SwOWN - 31X INDIVIDUAL JACKBOXES TWO FOOT SPACING, Bhawe b WG M pay, ToSI8
(. IS FT END CABLE (CODE ~VLEFN) ADDITIDNAL JACKBOXES WMAY BZ ADDED TO GROUP | | ~eremrn o Lo 3. DN Na, D-2/3-103
6’ AT ANY TIME  SPACING BETWEEN JACKBOXES CAN BE MADE ANY LENGTH. U
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APPLICATION - The Fairchild Unit 227 Transcription Turntable has been designed to meet the
demand for 2 high quality mechanism of rugged constructlion. Its performance speciflcations
makes it worthy of the fine quality reproducers avallable today. All parts are assembled
on the single panel so it can easily be mounted in a cabinet, control desk or table. When
specified, the Unit 227 Transcription Turntable can be supplied in a trunk for portable
use, Both lateral or vertical recordings up to 16 inches in diameter can be reproduced on
this equipment and speeds of 78 RPM and 33.3 RPM are avallable by merely raising or depress-
ing the center pin.

YOLTAGE AND FREQUENCY - The Transcription Mechanism 1s supplied as standard for operation
on a 115 volt/60 cycle power line. Equipment can be supplied on order for operastion on

115 volts/50 cycles; 220 volts/60 cycles; 220 volts/50 cycles. The power consumption is 70
watts,

GEMERAL DESCRIPTION - The Transcription Mechanism (Model 1) 1s contained on an aluminum
panel (21"-W, 17"-D, 1/4" thick) finished in black crackle lacquer, for flush mounting in a
permanent studio cabinet installation (see Dr. #E227-29). A 1/50 HP synchronous motor
drives the turntable through a two speed drive, D199-A22. The motor 1s spring suspended
from the panel. The motor shaft is connected to the two speed drive through a carefully
balanced flexible rubber coupling A199-A16. The turntable C199-A8 1s a 16 pound heat
treated iron casting carefully machined flat and dynamically balanced. Net weight 45 1bs.
A power connection should be made to the nearest base receptacle with an extension cord at-
tached to the #7701 Twistlock plug located on the underface of the panel. This plug is
supplied to insure a quick reliable connection that cznnot be accidently disconnected,
Pickups are mounted on the Transcription Panel only when specified. Pickups are wired to a
short pendant cord located under the panel. An Amphenol MC3F Connector and ten foot of
shielded cable 1is supplied in this instance, to connect the pickup to the lines or ampli-
fier input.

Directly above the switch 1s a nameplate with general operating instructions on the Trans-
cription Mechanlism. The Unit Number, Serial Number, Voltage, Frequency, and Power Require-
ments are also included on this nameplate.

The Fortable Transcription Mechanism Assembly (Model 1P) is identical to the above assembly
except that two five foot cables are brought out of the top right of panel. Whatever type
of plug-in connector 1s required for connection to the a. c. line and the pickup amplifier
input may be adaded at installation. The panel is mounted in a trunk and provisions are mace
made for storing the turntable in the top cover of the trunk when transporting the equip-
ment,

OPERATION

1. Turntable Speed - The sixteen pound turntable is driven by a synchronous motor
through a gear and worm reduction. It rotates at 33,3 RPM when the shift pin, ex-
tending through the turntable shaft, is pressed down. It rotates at 75 RF1 when the
pin is pulled upward. The "OFF-ON" switch on the right of the panel operates the
turntable driving motor. Always shut off the motc: when shifting speeds to avoild
unnecessary strain on gear drive assembly.

2. Puse - The motor circult is protected by a fuse located at the left of the motor
OFF-ON" switch. Remove screw cap in fuse holder with a screwdriver to replace fuse.
Use a standard 1-1/4" radio type 10 ampere fuse.

3. Turntable Stop Pin and Clamping Nut - There is a removable stop pin on the two inch
diameter of the furntable tTo prevent discs provided with sultably located stop pin
holes from slipping while reproducing them. The stop pin may be removed with a
screwdriver for those discs which do not have these stop holes. The removable rec-
ord stop pin may get mislaid when removed from turntable. To prevent this possibil-
ity, it may be secured in threaded hole one inch above "OFF-ON" switch.

A clamping nut with a right hand thread is supplied for holding discs, not provided
with stop pin holes, securely to turntable,

MAINTENANCE ADJUSTMENTS - The Falrchild Recording Mechanism has adjustments provided at all
important points. These are carefully set at the factory and locked at the position for
best operation. Readjustments may be required from time to time elther on account of
loosening due to moving the equipment around or to general wear.

1. Vibration - Excessive vibration can be reduced by realigning the motor cradle sus-
pension beneath the panel. The motor cradle i1s supported on four springs. The
height of each spring is adjustable by means of a stud and locknut. The adjustment
is very critical, only a fraction of a turn being required to make a considerable
difference in the vibration level.

The rubber coupling connecting the motor to the drive may cause vibration if it is
torn or if the cement loosens between the rubber and the collar. Excessive oil
dripping on rubber will damage coupling,
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GENERAL SPECIFICATIONS

Overall Gain - 50 ohms or 250 ohms output o « o o o ¢ o o o o o o o ¢ o ¢ o 0o o ¢ o 107 db,
Pickup#l 100,0000ms.o.o.oooooooooooooooo. 61 db.
Pickup #2 100,000 ONMS « « s ¢ o o o o o o o ¢ s o o o ¢ o o o s ¢ 61 db.
TPM B500 ONMS o o o o s o o o o s o e s o o o s o s o s o o o oo oo 67 db.
"H"5000hms...................o........67db.
Frequency Response within 1 ADe o o o o o s o 6 o o o 8 o o s ¢ o o o o 15 to 15,000 cepese

Distortion measurements below were made with no equalization and controls set at 20 c.p.s.
and 10 Kc. A minus 10 db. Input to 500 ohm "H" line position.

Frequency in C.P.S.

50 80 100 400 1000 2000 3000 4000 5000 6000 7000 , 8000

LEVEL
plus 26 db, 1.4% 0.82% 0.75% 0.57% 0.6% 0.72% 0.85% 0.95% 1.35% 1.4% 1.7% 2.0%
plus 33 db.  3.0% 2.05% 1.75% 0.8% 0.82% 1.4% 1.95% 2.4% 2.9% 4.25% 4.4% 5.0%

Noise level below O level of ,006 watts at full gain of amplifier with
bass and high controls off o« o o o o o o o o o o o o o o o 0 o o o0 o0 0o 00 ~18 db.

Current drein and AC wattage consumption @ 117 volt AC total wattage o o o o o o 117 watts

Fuse Protection « o« e o o o ¢ ¢ o ¢ o o © o o o o o o o o ¢ ¢ o 0 0 o o ¢ o & 0 0 0 3 amp,.
Input PoWer « o o o o o o o o o s o ¢ o o o o ¢ 117 watts, 105/125 volts, 50 to 60 cycles.

Output Impedance o o o o o o o o o ¢ o o a o o o o o o ¢ o 500 ohms "T" and "H" positions,
also #1 and #2 cutterheads or "BOTH"

Tube COmPLOmOTE o o o o « o o o o o o o s o oo s o oo o oo 7=TA%; 2-616G; 1-6HG; 1-5U4G
weighto.oo.......o..o...00..00..0.0.0.0.....541b5.
Prunk Dimensions e o o o o o o o o o o o o o 17" width; 183" height; 11" greatest depth.

Power OUtPUt o o o o o ¢ o s o ¢ o o o o o o o ¢ o o o ¢ o o ¢ 500 ohm winding 12.5 watts
15 ohm winding 1.5 watts
APPLICATIQNS - The Fairchild Unit 295 Amplifier-Equalizer has been designed for portable
use and all studio requirements In recording, playing baock records, and public address work.
The unit is considerably more flexible than any previous amplifier, and is extremely com-
pact in its light gauge metal trunk.

When the volume or level of a typical amplifier is reduced, the frequenoy
extremes, that is, the bass and the high frequenoies attenuate or tend to disappear first.
As the level is further reduced, the attenuation of bass and high frequencies apparently
becomes still greater to the ear to that of the middle range. Thus the equalization ele=
ment of the 295 is provided so that you may boost the extremes to compensate for this ap-
parent falling off of bass and high frequencies. At any frequency from 20 to 100 cycles
equalization of from O to 20 db. is available and at any frequency from 4000 to 10,000 cy-
cles equalization from O to 20 db. may be added. There is & negligible interaction between
the controls, and they can be preset at any time to provide known amounts of equalization
for any particular purpose. The increase or emphasis of both high and low frequency con=-
trols up to 20 db. above the average program level may be made without materially changing
the output level of amplifier supplying cutterheads or loudspeakers, Thus, the volume or
gain of amplifier need not be altered in the midst of a recording merely because the equal-
jzation is changed. The accompanying prints have been designed to show the amount of
equalization you cen obtain at any arbitrary setting.

For RECORDING and PLAYBACK the amplifier is provided with recepteacles for instantaneous
hookup to the Fairchild Unit 199 and 220 Recorders, or the Unit 227 Turntable Mechanism.
These combinations provide a complete, self-contained, portable outfit for the direct re-
cording of voice, music, and sound, and for the direct playback of such records.

For PLAYBACK gervice only, the amplifier may be similarly hooked up through the same
rece;}acle Yo the Fairchild Unit 227 which is a transcription turntable with both 78 and
33 1/3 rpm.
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For HEARING AID work the amplifier's 500 ohm "H" output position may be connected to the
Unit 219C Hearing Aid Headset Matching Box, which provides the correct impedance match for
multiple groups of hearing aid headsets. The value of the Unit 295 for this particular
work is greatly increased by its ability to give considerable emphasis to recording or play-
back in a part of the audible range where speciaml boost is desired,

For PUBLIC ADDRESS work the Unit 295's "H" 500 ohm line output may be comnected to per-
manent magnet speakers mounted in suitable baffles or enclosures., The speakers should be
supplied with a 500 ohm to voice coil matching transformer. A single transformer will be
found satisfactory for multiple operations proyided the voice coils are properly phased and
proper impedance provided,

INPUT CIRCUITS - The Unit 295 is provided with six screw type receptacles for a micro-
phone of either 50 or 250 ohms impedance, two Fairchild 209-3 crystal pickups, a "T" 500
ohm line and an "H" 500 ohm line for use with a radio tuner., If the Fairchild Unit 209-4
dynamic pickup is used, it should be comnected to the 50 ohm microphone position. These
receptacles are located on the rear of the chassis on the right hand side. A switch is
provided on the front of the panel for selecting any one of these inputs. Equalization may
be inserted, or not, on any input signal. The signal input to 500 ohm "H" or "T" should be
held to minus 10 db. for best performance.

OUTPUT CIRCUITS - The selector switch on the right hand side of the amplifier allows the
signal to go to both heads at once, either head, the "T" line or the "H" line. A separate
attenuator is supplied on the right hand side of panel for the speaker which is mounted on
the back cover of the trunk., This second attenuator provides for adjustment of monitoring
level independent of level going through volume indicator to cutterheads or lines. 1In cases
where a master record is being made and must be checked without playing, the signal is fed
simultaneously to both cutterheads, allowing one record to be auditioned though the other
is processed, The "H" line position provides an output to loudspeakers separate from
equipment, The phone monitor jack is wired to 8 ohms output winding. A high or low impe-
dance headphone set may be plugged into this jack which provides a comfortable audio level
at normal recording levels,

POWER SUPPLY DATA - The power supply is integral with the chassis for operation on &
commercial 50 to 60 cycle, 105 to 125 volt AC line. The total wmttage required is 117
watts, and the Unit 295 is protected by a 3 ampere fuse at the rear of the chassis. The
"OFF-ON" switch controls the power supply to the amplifier, but not external circuits.

OUTPUT LEVEL INDICATOR - Located at the centrsl point of the panel is a milliameter and
a 6H6 tube rectifier. The dial scale is calibrated in decibels, and the zero reading is
equivalent to a plus 20 db. level (0.6 watts) across a 500 ohm resistive load. The indi-
cator has a damping and speed approximating the standard general purpose instruments in
commercial use, It is used in all output positions except the 500 ohm "H" line. This
affords protection where levels greater than plus 26 db. are employed as in the case of
public address work, When replacing control panel, be sure that meter leads are properly
polarized, A red dot will be found on the terminal strip indicating the proper terminal
for the red lead of the meter.

RACK MOUNTING - The Unit 295, when supplied for rack mounting, is shipped minus the
rear cover of trunk and loudspeaker. Standard spacing is used for the rack mounting panel
which is 21" x 19". The part number is B295-A18, The necessary mounting screws and washers
are supplied with this model.,

MAINTENANCE - Should the amplifier and power supply fail to function in the normal mane-
ner, all external connections should be inspected. If the difficulty is not located, the
power should be shut off and the tubes removed from their sockets and tested in a reliable
tube tester. In case of faillure that cannot be traced to incorrect connections or defec=-
tive tubes a systematic point to point voltage test should be made. For this test the
tubes should be in their respective sockets and the power turned on., The voltage readings
obtained should closely approximate the values tabulated on the schematic diagram. Reduc=~
tion in hum noise can be obtained by careful adjustment with a screwdriver of a variable
Ce. Te resistor located near the left hand side of the power supply deck on the rear of the
unit, This adjustment cancels residual A.C. unbalance in the heater circuit. Stray mag-
netic fields may to some extent influence residual noise in the emplifier,

TUBE REPLACEMENT - The use of tubes metched for gain and plate current is recommended
for future tube replacements. Under practically all conditions of normal operation this
will be satisfactory. When it is necessary to make tube replacements, the following points
should be considered. For the input 7A4G stage use tubes which do not show microphonic
tendencies. This can be determined by tapping these input tubes with the monitor speaker
on at full gain to see whether an acoustic howl will build up between the speaker and

©John F. Rider



108

MODEL 295 FAIRCHILD AVIATION CORP.

7A4G's. The BHE serves as a rectifier for the Output Level Indicator, Faulty operation of
this Indicator is generally remedied by replacing this tube. Satisfactory performance will
be obtained using an average good tube. The 5U4G provides the necessary operating D.C.
voltages for the amplifier. The selection of this tube is not critical. The 6L8G's are
the power output tutes and should match reasonably well in characteristics. The tubes are
accessible for replacement from the rear deck of the trunk,

CONTROLS - When unit is allowed to remain idle for several days the variable controls
may develop a slight scratching noise due to oxidation of the wire-wound variable resis-
tors. If each control is rotated several times throughout its range, this oxidation will
be removed by the wiper element in each variable resistor. These controls should be checked
before proceeding with recording,

The use of the Unit 295 Fairchild Amplifier-Equalizer necessitates some state-
ments of fact and procedure for those who are not familiar with equalization and its use
in recording, playback and audio amplifying systems. ithat follows applies directly to re=-
cording and reproducing sound with the use of Fairchild Recorders having our latest cutters
head and network VHAOA; to playback systems that are essentially flat from 50 to 10,000
cycles such as the Fairchild Dynamic pickup #209-4, the Western Electric #9A, RCA diamond
point pickup, etc. It is obvious, of course, that other units in the systems such as amp-~
lifiers and speakers must also conform to similar frequency response characteristics, since
the "over-all" quality and response can only be as good as the weakest unit in the sys-
tem.

So far, only the frequency response has been mentioned. Distortion is equally
important but not always adequately taken into account. The Fairchild "over-all" distor-
tion at 400 cycles, using the #3A or 3AC cutterhead, #295 Amplifier and #209-4 Dynamic
pickup is less than 5%. (Our laboratory tests show as low as 3%). This means that a record-
ing made on our equipment and played back with our dynamic pickup through an adequate speak-
er system will come pretty close to perfection in the quality of "naturalness". There arec
cutterheads and pickups on the market whose distortion content is several times that of
the Fairchild units. Speakers present one of the greatest problems to effective sound re-
production but several are now available that are quite adequate. Amplifiers good to
10,000 cycles and with low distortion content are easily available but amplifiers especial-
ly adapted to recording such as the Fairchild #295 are comparatively rare,

Equalizing for Recording

The "highs" need to be boosted on the inside of a 16 inch disc (15 minute program, cen=-
ter about 8 inches using 118 lines per inch) so that in playing back the brilliancy will
not suffer too much by comparison with that on the outside of the record. It is impossible
to reproduce 10,000 cycles (8 inch diameter, 33-1/3 speed) at full intensity due to the
diameter of the reproducing needle point being greater than the wave length of a 10,000 cy=
cle note at that diameter. Bearing these facts in mind the set of the equalizer dials as
given in the following diagram are for recordings for flat playback. (Orthacoustic is also
given but should in no case be used unless sure that the record is to be played on a pick=
up with Orthacoustic Characteristics).

Equalizer dials (top row) are, for our purpose here, numbered from 1 to 4, left to right.
No. 2 permits selection of amnmy frequency from 20 to 100 cycles in the bass. Please refer
to charts I, II, III and IV for the shape of the curve, 20, 40, 70 and 100 cycles arbitra-
rily selected - (any others could be used.) Dial #1 regulates the amount of bass boost de-
sired. (Note the curves arbitrarily boosted at 5, 10, 15, 20 db. - they would equally ap-
ply at any other set of the dial from O to 20 db.) Dial #3 permits selection of any fre-
quency on the high end of the frequency spectrum from 4000 to 10,000 cycles, also continuous~-
ly variable, and Dial #4 regulates the amount of the boost from O to 20 db. See charts V,
VI, VII, VIII. Chart number IX shows effect on the amplifier when dials ("gain"), #1 and
4 are at 0, etc., Please note that no matter where the dials #2 and #3 are set, there is no
effect of the equalizer on the frequency response if the "gain" dials #l1 and #4 are at
zero.

From this it will be seen that the initial adjustment, and three other 'sets' of the
dials, is sufficient to equalize to meet the changing diameter needs and keep an even bril-
liancy from inside to out. The Fairchild cutterhead is especially adapted to equalization.
By referring to curve of the cutterhead you will note it is 22 db. below reference at 50
cycles and flat at 1000 to 8000 cycles. These frequency characteristics are almost identi-
cal with equalized modern pickups which have a bass boost of 18 to 20 db. at 50 cycles and
flat from 1000 to 8000 and beyond. By adding a small amount of bass as shown, the result
will be found to be idesl.

You will note that 5 db. at 8000 is.left in from 7th to 15th minute. This theoretically
would not give back a flat playback but in practice about this amount is necessary to com~-
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pensate for the softness of record material which does not actuate the playback needle at
full strength.

You may find less bass boost necessary or more. Or you may wish to put in more highs in
the center. In general the above has been found to give the most satisfactory response and
wide variations from this pattern should be avoided.

Recording for flat playback 33-1/3 speed
118 lines per inch

Time (min,) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Bass boost ~-~ in db, ===~
(Dial 1)

Set at 50 cycles
(Dial 2)

——— -3 —a-=5 ~~-to end -

N mem— s nmr e Qee O

High boost in db, =---- 1
(Dial 4)

Set at 8000 cycles
(Dial 3)

For Orthacoustic Recording 33-1/3 speed
118 1lines per inch

Time (min.) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1s
1
1

Bass boost in db. ———=b= 7 to end - ———
(Dial 1)
Set at 70 cycles
(Dial 2)

High boost in db,===-a-- 1
(Dial 4)

Set at 10,000 cycles
(Dial 3)

B e 12-=~to ende-—==ccccccmmmcrccrccce e

AMPLIFIER RESPONSE UNIT 295
LFLAT POSITION BASS 20~ H! I0KC.

2 FLAT POSITION BASS 100~ HI 4 KC.

3. 20~ BOOST BASS 20~ GAIN MAX.
4. 100~ BOOST BASS {00~ GAIN MAX.
5.4 KC. BOOST HIGH 4QKC. GAIN MA X.

6.10KC. BOOST HIGH IOKC. GAIN MA X,

+30

+20 e AN\

\
NN ZAREN 1Y |
| S

IN CYCLES

4T ~ L =
N r\/ -
o1 ] s ——t
ZF=F FH ————— — 11
2
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MODEL 295

FAIRCHILD AVIATION CORP.
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MODEL P-2
FARNSWORTH TELEV. & RADIO CORP. T

09—30\ o /—71-12 (Part 1)
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F1GURE 2
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MODEL P-2 CAPEHART  pARNSWORTH TELEV. & RADIO CORP.
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FIGURE 4
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FARNSWORTH TELEV. & RADIO CORP. MSM:
(Part 1)
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FIGURE 5
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99-34-12

FIGURE 6 99-34-11

FARNSWORTH - MODEL P-2 NOTCR DATA

Although standard speed of phono motors is 78.26 rpm
manufacturing requires broad tolerance of speed limits -
commercial practice is 76.59 to 80.00 rpm.

New type stroboscope disc supplied by Farnsworth -
is arranged for 79.23 and 77.42 as well as the 2 speeds on
the older one - 78.26 and 33.33 - and the upper and lower
limits above (76.59 and 80,00).

©John F. Rider
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MODEL P-2 CAPEHART

(Part 1)

FARNSWORTH TELEV. & RADIO CORP.

MECHANICAL ADJUSTMENTS

1. TO REMOVE THE TURNTABLE 13-51,
(Fig. 1)

The Turntable unscrews from the Record
Spindle, 56-123 (Fig. 6) by rotating the
Turntable counter clockwise. The Spindle
Gear, 57-8 (Fig. 6) should be held by a
screwdriver while unscrewing or while re-
placing the Turntable. Under no circum-
stances should you attempt to hold the
Record Spindle 1in a pair of pliers when
removing the Turntable. Care should be
exercised while holding the Spindle Gear
not to damage the teeth of the gear.

When replacing Turntable make sure
that 1t 1s securely screwed down against
the stop washer.

2. TO ADJUST OR REPLACE IDLER PULLEY
36-72, (Fige 3)

The Idler Pulley 1s used to transfer
power from the Motor Pulley 36-71 (Fig. 3)
to the Turntable. Unless it 1s held under
proper tensionby the Idler Spring the turn-
table speed may be too high or too low, it
should fall between 76.59 RPM and 80.00
RPM. This tension 1s adjusted by loosen-
ing screw 99-19-3 (Fig. 3) -hold'ng the
Spring Holder 45176 (Fig, 3) and turning
the Spring Holder to secure the required
tension. Be sure to tighten screw hold-
ing the Spring Holder.,

To replace the Idler Pulley remove the
Hair Pin Cotter 99-34-14 (Fig. 3) and the
Thrust Washer 50209 (Fig. 30 After removing
the Idler Pulley remove the other Thrust
Washer 50209 underneath the Pulley. When
replacine the Pulley 1t is hest to replace
both the Thrust Washers with new ones. A
sinegle drop of oll should be used on the
Pulley Stud when the Pulley 1s replaced.

CAUTION--Do not allow any oll to get
on elther the Motor Pulley 36-71 (Fig. 3)
the Idler Pulley, or rim of the Turntable,

3. TO REPLACE TURNTABLE DRIVE BRACKET AND
STUD ASSEMBLY 64216 (Fig. 3)

After removing the Idler Pulley and
Sprine 39245 (Fig, 3), remove the Motor by
removing the three RHMS 99-19-3 (Fig. 3)
then remove the two nuts and the brass
washer which are normally covered by the
Idler Pulley. Next remove the Screw 99—
19-7 (Fig 3) and the Spacer 42165 (Fig. 3).
When replaced, the Bracket and Spindle
Assembly must move in all directions with-
out binding or sticking. Be sure the
double nuts are locked securely.

4. ADJUSTMENT OF RECORD SHELVES 09-29 AND
09-30

.

The center 1line of the record shelves
should form a straleht 1line passing
through the center of the Record Spindle.
They should be exactly 9-21/32" apart when
in the 10* position ana equidistant from
the spindls. The shelves may be lined up
by loosening the set screws on the shelf
locking Cam and Gear 15-10 or 15-11 (Fig.
2), After alignment tighten set screws.

S. ADJUSTMENT LOCKING LEVERS AND SHELF
LOCKING CAMs 07-26 AND 07-27 -~ 15-10
AND 15-11 (Fig. 2)

The Front Record Shelf 09-29 (Fig. 1)
should be lined up with the Record Spindle
in the 10" position. The Shelf Locking
Cam 15-10 (Fig. 2) 1s 1lined up with the
center 1line »nf the Gear Sector assembly
07-28 (Fig.2) and adjusted until the Lock-
ing lever 1s properly seated In the Shelf
Locking Cam 15-10. The set screws of the
Cam and Gear assembly are then tightened,

The rear record shelf 09-30 (Fig. 1)
should be 1lined up with the Spindle and 1in
the 10" position, The Locking Lever Hex~
Head mounting screw 36-114 may be loosened
i1f the adjustment of the Locking Lever to
the Cam and Gear Assembly need be changed.,

©John F. Rider,
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MODEL P-2
CAPEHART

FARNSWORTH TELEV. & RADIO CORP.

OH. ® & s 8 e * e 8 e 2 2 e 8 e e ¢ & e e & » meﬁHHﬂE&_.ﬂ\Hxﬂ* o T-9¢
- T Crocort ot evoRad TRISAID ‘Meaos wcﬁaame JT88 *H'd 48/S X v# 6£T~9€
3 or B o] 2o o] mmorel el sRei il o -+ '+ seujsrey Furadg wiyog 15T-08

or* D o e G A <7 JouseM 99T-00
» ot Tt e e e et pmg wey upE ‘AN BEH/T coT-o0
L oor AT LN L O O e o e s+ <9708 Fulqumou goT-o0

ot S e e e e et e et e e e equrrdg FUTIUNOK 407 AN LoT-0%
Mm or* ) DESH uponasm pa0ooey (sAITTiud) °S°W'H'J ,9T/S X 9g—¥ 2eT~9¢
~ 0o1° N * * *Assy uld d1al "S°W'H Puld ,¥/1 X 229 T2T-92
otr* sttt e e r e e 0 rqg0ddng WIV BUOL *S°W°H PUTd ,9T/S X 288 021~9¢
or’ ¢ttt e e e e e e e vgqg0d JTAUS - *S°H'H DPUIH ,8/8 X 22-8 61T-92
ot* Sttt ettt oA BUINOOT ‘MaIO8 ‘W PESH X8H ,T X 28-0T LIT~9¢
or’ sttt vt qaN0Rf JOAYT 1FTT ‘MOIOS ‘W DESH *XOH ,¥/1 X 2201 9TT-92
o1° © * ° JBep P JBAST BUINO0T ‘Iead] 308(6H °S°W'H'H ,I8/12 X 22-01 YI1-92
ot eoe e ST VT T 6A0T wmyey Wiy suol JeuewM ATT~00

o’ Ce e es e e e e e e e e e e o V00000 TR0 JOUSEN 100EdS TT1-o8

ot* Sttttteceeess s+ 03008 dpep - ISUSSM 1008dE OTT—99

o LR cVu e N b eEn o 5 » +Xssy urd diag OT-21

e T o o 6 8 s ¢ 6 6 0 6 8 6 s s s e o o hmm< 1e%08aq uhonazm OHUC«Qm 2T

08 e et e e e e uc it oo e a e hraus Toy ASSY WS B 126D T1-aT

0g* « ® s & & & » s s s s s =2 e e s v w Hwﬂmuﬁoﬁm-hwm<§ﬁhmg oT~3T

00°'z 2 el s N s e e e e G Rl e <l e < aTqraumy 1521

ob'e @ o o 8 o 8 o 4 e 9 v e = e » s @ zmm< 19)oRIG PUE JBeD uwﬁvcﬁam T

08°1 © ottt t 9jerdwod 03 uid sOgHS-T Spesu *Assy Jeep P orpuidg o<1

SN e s o » e e s 4 8 5 o 4 e+ v s e & hHDE®wm<E.®O pue 1JBUS LOMﬂBH& 68-2T

0% Trterteeee e o - fIquessY JoAdT BUTNIEIS oo 1

QLY ® o o & o » B s 4 s - e e e e o .Wﬁ.mm pUR 0WWO.ID UMS ~Q=lxoﬁn~ gz-T1

00°9 Srrtieseeeee e e 2T fouessy jeX0RIE 7 TRASALD 2060

ob'2 I T I I T Y ...hHDSmmm<E.8EaQ: 2e-60

002 Sttt s e e e s e et 2 LTQUISSY PBSH JTouS 3uoddng pIooeH Jeey 02-60

Se° I s R e R L »Hnaomm< pesH 3jeug jJoddng paoosy juodd 62-60

o Cermeee e e e sTe T Rquassy JeAd] UImey WAV 6uo) 9560

mw. e & & * . & + & 2 &« e« = e v e & v u e hHDEQmm< Nuil wﬁﬂpoméoo 82=L0

qr* L T S Y aeey n%.ﬂﬂﬁwmm< RETY: 51 MC.“MUS 12=10

QT* § t t ottt e e we .+ e e eniory ATQUESSY Jonw] BUHOOT 0020

FOIMd ISI1 NOILJT¥0SAA *ON I¥vd

1517 D4 Slavd

"OT AYS JO £379008TA ® ULTk
Tio suiyoew Jo opetd3 poo3 ® ATU0 8sp

‘ATquessy dia uUOT30TI4 YUY U0 pesn
8Q PTNOYS TT10 ON *©7QBIUJING SUYF JO WJ JO
£oTInd JATPI ‘AoTInd Joj0W &Yl uo s399 TI0
ou jey3} 888 03 UeWBl 8q PINOUS oJB)

*pesn oq AW SUITOSBA JO W[TJ
ulys ® 9sed SIY} UQ °*epew S| Juswedeld
~-8d B S69TUN AJeSS909U 8q TlI4 Bulaeaq
Wle 3u0l 8yl JO UOTIBOTJIQNT Jeylany oN

*3ded Au®B uo pesn
3uTsq TI0 JO SE00Xs U qusaedd 03 DeSIole
-X8 9q DPINOYsS aIB) rsze3untd ,271 pue 0T
8yj uo 110 jo doap OTBUIS V "S8pJd JoAST
BUIMS WIY SUOL 9U3 9J9UM WEB) STY1 JO 99BJ
83 U0 BWOS OSTB ‘We) UTEY 8yl JO U3esl
8yl uo sulTasep 83TuM Jo uojjeolrdde judil

AJOA ¥ "J9A®] 2JTT WIV SUOL 89Ul JO JATTOJ
8y3 JOJ UTd 8ys uo 1o Jo doIp aup °J030[
8yl Uyl 83I8J 8Y3l U0 TI0 Jo sdodp @eJul
JO om] *9TqeluUJn], 9y3 Sujaowsd AQ 9IQqT

-£8800® ST DUB 38X0BIQ 8U3 JO do03 8yl 1®
ST J8U30 du3 ‘Jeep 9TPUIAS Y3 JO W0330Q
U3 3B DOIBOOT ST JaUsem 8uQ  "18XorIg
Jeepn oTpuldg 8yl UT SI9USEBM 1T8] OM] 9yl

uo 3nd 8q PTNOUS TI0 JO S0P 88U} JO Ou3
‘I88f UoBo @OUO JO SUIUOWL XIS AdeAy

——gTTe0
1INS8d TTIA SNOIL
ONITI0 9TAWIE JUIMOTTOY oYL °*yy

60]AJS88 JO TMUIUW B UT
=INYLSNI

“HdY 00°08 03 WdY 65°94
Wodag ede S3IWIT INO  “LdY 92°8L AT30eX8 j®
ung TTI# YOTUM SJ0J0W 8JN088 03 9Tqjssodu]
S1 37 SeOuUBISTO] TBIOJSUNOD 03 eng

03345 YOLOW °€l

*I8A9T BUTIJBIG SUY JO pue aug
pueq Jo J8ylamJ Ul uld Jullaeig ay3 8AlJap
J8U3te ‘ArIedoad oFesus JouU Op Yiseq ayy
J1 oTqlssod age sjuswisn(pe om] *3utddoy
Jnoysta Jeap sTPUTdS eul Ul YsSsW 03 We)H
Ulel 8yl Jo yisel syl MOTT® 03 8e-¢T JoAdT]
3uijJelg 9U3 JO pUS 9Y3 oIBIUS pInous
pue [ g/1 anoqe s30ef0Ja pus pajujod 8yi
DUEB USNTJ ST PUS SJENDS dY3 TIIUN (9 °*3T4)
8-4G JB3D @TpPUTdS SY3 03UT USATJID ATTBWJIOU
S1 (9 °414) 60ghg UId Sujjaeig ayy

(9 *61d) ge~gi ¥IAIN
ONILYYLS ONY 60E¥E Nid ONILYYLS °21

pefeld ueeq SeY DJ0OSJ eyj Jo 3Jded B Jejje
oIqeiuIny 6yz Jo UolanfoAed YoBE NOITO
pPnoT ® esned TTTA UOT30]I] OAIS80IXY

‘(9 °*314) 8L-CT JeAe]
Burjgels eyj Jo puse 8yl JJo (9 °Brd) SIS
dia], oSBOTeY JoA2] 3Jujlaelg eaouw 03 AJges
~8806U S] UeU} UOJ3OTJJ eJou Aue aq JIOASU
pTNOUs oJeyl  *(pPIooed eyl Jo pus Ul
8Jojaq 8d1a3 Je3ueUD JI) UOTIOTIJ O5BEID
~9p 03 98TMYJ0TO PpUB (pPJI0Ded JO Dus 9Je
dTJ3 30U 890D JEBUBUD JT) UOTIOTI] 98BOJID
-UT 03 O8TMY00TO JOlumod JBIT0D umyl ‘(S
*314) SBIgY JBTT0) Joddp UT Og-62-66 MO
308 T0387J4g USSOOT U0Isues 3sn{pe of

*(9 "31d) Tg-L0 dTa] egee(ey Joae 3ul
-3ae1g 8yl edlad (G BTd) L8I9Y JeBuly diay
ayl ~®chaam PJ0O3d 8y3 JO J83U80 8yl woJJ
48/L~T 81 ©Ipesu oyl ueus ‘8]  wsTURYOSY
dray syy Jo Aquew3sn(pe Jedouad seyj

(S °61d) - WSINVHI3W dI¥L "}t

*Z20 ¥/1-g 03 ‘20 g
Wod) s8] aanssead sTpassuU 8yl os pajsnfpe aq
PINOUsS (¥ "3T4) SeL9 usnag dnyold 8yl

‘(¥ "314) 61299 Jo dIT auodJ
ay3 Bujpuseq £q epeuw ST jusmisnfpy “W9T/S
03 ,9T/¢ Woay 93eTd 8seq 8Y3 JO doa ayi
J¥9TD PINWUB OTPYsU  BU3 3880 oyy 4J0  pue
PJOOad 9U3 JJO ZT~-TL WIe SUOY 8UY UITH

*pauslu3TIaL ST NN H007
adng ag *9ouBJIEBOTO Jo0doad oJnoes 01 ﬁm
*3Td) 91299 Jo siaed LT-92-66 Medog 3sn(pe
*G-gT-66 I H007 U9S007 -- juem3sn|py

"'SOATOUS QU7 U0 pPJOded W0330q 8U3 JO W0130Qq

9y3 MoT8q L,9T/¢ 94 PINOUs uanied S3|
uy aurod 3seydiy eyl je wre dnxoid 8yl jo
dog au3 “SPATOUE SU3 U0 SPJIOVAd UlTm

(1 *B13) 2i-1L WYY 3NOL 40 LN3WISNFQY °01L

*8pell 87 JUsULSN(pPE J93,® DOUSIUSTI
ST 9-TI-66 INU 8ans oag *9Tpuldg paoosy
8yl Jo JI93U8d 9yl wWwodJ ,8/L-G sdodp 9Tpasu
8yl Ti3un GT-8T-66 M8JI08 ISn{pe pue gGI-9g
Jo 3aed ode 3s9y] 9-T1T-66 INN HD07T U3S00T

‘uor3 18o0d 3urferd ul JeBUBYD DPJIOOSI

8ABY DUB B8DJOD6J 2T JOJ S8OATOUE DPJOOSL
@y3 1398 Isnfpe o] ‘doap 2T eu3l 3es
IXON “uLre euol eyl ujp usmop pue dn  Kerd
Jo jumowre TTeWS ® 3Q DINOUS 8J9UL  *9T-92

~66 A0I0S 398 8U3 UelUITL (S °ITH) LB829Y
J03utyg dia] ey jsujede dn ATWI]] XuBID
WIy 8uoj 8yj DIOoY ewl) owes eys je (Z Bl.d)
2GT-9G J9A67] JUujmg WIy Suo] 3suiede ATwaly
queBJ) IV 6uUc] DTIOH  *eTpulds pJodsd Jo
183U8d WOJJ ,8/L-% 2IDPesU 308 (G “I1Jd) 9T
-93-66 8108 3185 WIY euo] ussooT ‘uoylisod
3uiAeTd uy JedueYd pIOOed OA®RY 1SN[pE 0]
*eTpUIdg DI0DSY OU} JO 193U6d WodJ ,8/L-V
8puB] ©Tpedu 8yl 08 (G '3BT4) 99899 NUBJID
wry euoj eyj isnfpe ‘uoyrarsod 0T ul

ONIGNYT 37033N  °6

*doag 8y3 Jo pue
8yl 3B Pueq 06 9Y3l JO @0B] SPISUl auU3 03
938Td eseq oyl JO epISsUl 8yl WodJ ,¥/1-g
8q pInoys £629% doig J9Buld dilJay 8yl

(2 *B1d) €6297 JOLS ¥IONIJ dI1¥L 3HL °8

*Ja3uByd
eyy wel pue wed Je3unyd ey3z uoc pulq ued
37 SB JIBJ 003 J9AC 1398 j0uU 8] ATQUESSse Ul4
dial eyl 3eYl 998 03 DOS]OJIBXS6 8Q DPINOYs
aIe) ‘we) UleW 8yl uo QT~41 ATquessy
uid dray eyjz 3uiisn{pe £q padurys oq Lew
B8JuURISID 5TUY, ©,520° 031 ,0TO" WOJJ) SIATIUS
DICO9Y 8U3 JO e@3pe eUl JOAC PUSIXS pINoOys
(T 314 02-60 998s) LIT-9S Jedunid 3T
eu} pue 9IT1-9§ Je3unid ,0T °U3 y3jog

(9 *613)
Ob-L1 ATBW3SSY Nid di¥L 4O INIWISAFGY =)

(9 "391d) 8-48 Jeey @Tpuiag oyl
Jo 3aed yjoq Uld BUTILEIS UL JO doi euy
pue moa mﬁ«u#mmmm |8yl JO wo03l30Qq 9yj Jealv
OSTE 3SnW J9Ae] JUJIJIe3S @uj} JO pUd jLOJ,
9yl "4UTYONO3 NOUITH (9 *m1d) 88~¢1 JeAo]
3Ul3JBRAS SY3 JO DUd dUY3 JBA0 SSBU  TTIm
(9 *414) STe¥9 dIJL 9SEBOTOY J8A®T JUuIIIelg

syl  ‘uoijrsod ,Tenuwy, eU3l Ul S] SUYIEW
oyl Ueys 3BU3I OS peasnfpe 8q pINCys
(9 "314) Uur L\, 3B usoys we)y sIyJ

(9 *01d) 8E-E€1L ¥IATD ONILYUVLS
40 WYJ dI1¥l NON 40 ANIWLISATQaY

©John F. Rider



118

MODEL P-2 CAPEHART

FARNSWORTH TELEV. & RADIO CORP.

(Part 1)
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MODELS P-2, P-3
FARNSWORTH TELEV. & RADIO CORP. CAPEHART
(Part 2)

THE MODEL P-3 IS THE SAME AS MODEL P=-2 EXCEPT THAT
THE MODEL P~-3 HAS A PIAY CONTROL ADDITION.

RECORDS FAIL TO DROP

A, Failure of records to drop may be due to:

1. Shifting of the spindle assembly, causing it to be too close
to rear record shelf, ’

2. Shifting of record shelves.

3. Excessive pressure or jamming of spring between head of
plunger and its housing of 12" plunger spring.

4. Record release plunger does not extend sufficiently beyond
edge of record shelf,

5. Over size diameter record or center hole of record eccentric
with relation to rim of record.

The first step in checking this operation is to determine if all adjustments
are correct,

The spindlec assembly should be checked first to determine if it is correctly
centered, Loosen the three mounting screws., The rubber grommets in this
assembly will tend to automatically centor it when the screws have been loos-—
ened. Now retighten carefully. Turn screws all down evenly, do not tighten
one fully - and then the balance. It is best to tighten the left hand screw
first - this will be less likely to shift the spindle assembly out of line.
Careful checking with a 12" record as a gauge will indicate if the spindle
assembly has shifted, and in which dircction.

B. The relative position of the record shelves should next be determined as

- described in the service notes. If either shelf (usually the rear) is too
close to spindle or front shelf, the two screws holding the rear side of the
record post to the base plate should be retightened as sescurely as possible.
If this does not correct the condition, it will usually be found that there
is a fiber shim between the rear edge of the post and the base plate, which
can be removed by loosening the two screws and driving a thin wedge under the
rear side of the post. The shim can then be worked out with a knife - and
the screw retightened securely after the wodge is removed.

Make sure that the record release plunger on the rear rocord shelf ~ when in
full release position -~ extcnds up to 1/32" beyond the extreme edge of the
record shelf,

If record release plunger acts sluggish make sure there is no metal burr or
dirt retarding its action.

More effective release action can be obtained by filing the release plunger

so as to have a slight downward taper - this taper or undercut should not
exceed 15 degrees. Filing the rclease plunger so as to have a taper or under-
cut will facilitate releasing records which are slightly ovcrsize,

IF TWO OR MORE RECORDS DROP

This condition might be caused by:

1. Rear shelf rclease plunger sticking or sluggish due to a burr
or dirt,.

2. Plunger support, part #56-125 below base plate has shifted to
either side. 12" retard plunger in front shelf has stuck in its housing.
(early production).

3., Front or rear record shelf has shifted outward.

©John F. Rider
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CAPEHART

MODELS P-2

FARNSWORTH TELEV. & RADIO CORP.

(Part 2)
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MODELS P-2, P-3

CAPEEART
(Part 2)

FARNSWORTH TELEV. & RADIO CORP.

REFERENCE TABLE FOR AUTOMATIC MECHANISM ADJUSTMENTS

Symptom

Check and Correct

Does not play automatically.

Solenoid relay circuit and S2, S5, §6, L1, L8. Section 19,
20. S4 under recording arm open.

Keeps on repeating automatically.

Check S1, S2. Section 15, 26, 27.

Trips before record is finished.

Section 27.

Does not trip at end of record.

Section 27, 26.

Does not feed new record.®

Section 2, 3, 1

Record does not center on turntable.

Section 1, 7, 9, 10.

Does not reverse records properly.

Section 1, 8, 11, 12, 13, 28.

Does not reverse record.

Section 1, 8, 18, 28, 25.

Pickup does not land correctly on record.

Section 5, 6, 16, 17, 14.

Chatter while changing record.

Section 21, or short circuit in relay trip system.

Ringing noise while changing record.

Section 4. J

Record Selector Lever does not work properly.

Section 25, 23, 18.

* Make sure record is not warped or chipped or has rough edges.

NOTE: When Automatic Mechanism jams, shut Master “Power” Switch “OFF” before clearing the jam, as the turntable
“Motor Switch” does not shut power to the motor off while the mechanism is in cycle.

Note:—When mechanism jams upon first being played after
being unpacked, check to see whether the record magazine is
lined up as stated in Adjustment 7. Also check to see if the
Record Reverse Arm Lock No. 46 Fig. 2 is on top of the
Record Reverse Arm Lock Stop No. 48 Fig. 2.

1. MAGAZINE LINK ADJUSTING SCREWS
(“D”) (Fig. 1).

The record magazine should always come back snugly
against the magazihe stop screw, “'C,"” Fig. 1. If it does not,
it is necessary to loosen the two set screws (“D," Fig. 1) to
a sliding tension and run the record changer through a cycle
of change. When the magazine has reached the horizontal
position, as shown in Fig. 1, 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 maga-
zine link will adjust itself so that the magazine is snugly
against the stop screw. Then tighten the magazine link
screws “D."

2. RECORD SEPARATOR ADJUSTMENT.

The separator stop *J,” Fig. 1, should be adjusted so that
a small 10” record will positively clear the knife portion of
the separator lever as shown in the following illustration. A

PLalk LOWER ECG! oF TECOAD ON
Tel SuEPORT srmS AND IMLGLY
AGASS) ¥HE SHOULDER

standard to use is to make certain that there is approximately
140" clearance between 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 (7) (Fig. 1) without binding.

3. RECORD SEPARATOR HOOK AD]JUST-
MENT.

After adjusting the record separator it will be necessary to
check the record separator hook (7) (Fig. 1) to see that it
enters the slot in che record separator without binding. This
hook is threaded and by loosening 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 inexperienced person.

SEPARATOR HOOK AND ARM (7) (Fig.
7).

Be sure set screw “K" in Fig. 4 is screwed all the way in.

4. RECORD MAGAZINE BUSHING (13)
(Fig. 1).

If a ringing noise is heard while the instrument is changing
records, i. e., such a noise that might be made by a spring, it
will be found that the Durex bushing (13) (Fig. 1) is too
tight, in which case it will be necessary to loosen the lock
nut of the holding bolt, and back the bolt out, from a quarter
to a half turn, then tighten the lock nut.

5. 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 (18) (Fig.
1) so that the record hits the rubber roller (21) (Fig. 1) in
the center. Start the record changer through a cycle and
stop it when the tone arm lever hook (22) (Fig. 1) just
touches the stop lever assembly. In this position adjust 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.

©John F. Rider
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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 ¥%3”
between the pickup head and the record tray. This distance
may be checked between the bottom of the record tray and
the bottom of the pickup when the record tray is approxi-
mately parallel with the pickup.

6. TO ADJUST THE STOP LEVER HOOK
(22) (Fig. 1).

Always adjust the tone arm position on a 12” record
before adjusting for a 10” record. Adjust the tone arm stop
lever hook (22) (Fig. 1) by moving it in or out. This hook is
locked in place by a set screw in the stud whose mut is shown
in Fig. 1 as No. 2. 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 (18) (Fig. 1) 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 (21)
(Pig. 1) against the edge of the record and the stop lever
hook (22) against the blade of the stop lever (18} the needle
should stop on the record exactly 342" 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 (22) (Fig. 1) against the blade, the stop lever
should allow the needle to stop on the record 342" from the
edge of the 10” record. A 6-32 screw shown in Fig. 1 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 (18) (Fig. 1) up 6ér down. If it is
necessary to bend the stop lever it will be necessary to re-
adjust for 12” records.

7. THE ADJUSTMENTS OF THE RECORD
MAGAZINE.

Before attempting to adjust the magazine, be sure that the
center of the magazine pivot pins (6) (Fig 1) is 8%” above
the base plate. This height is very important and we recom-
mend checking the height of the right hand pin, when look-
ing 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 4, Fig. 2) is between 142” and
146" inside the left hand side of the Reverse crank, when
looking at the magazine. That is, the left hand edge of the
record reverse fork is about 14" or ¥g” 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 (55) (Fig. 2). If
the guide strikes either of the support pins it will be neces
sary to bend the pin away from the guide so they can not
strike. If it is necessary 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
%¢" 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 necessary 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-

MODEL 16E
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ward from the magazine, have ample clearance in the chan-
nels, 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 separator hook (7) (Fig. 1) does not
bind in the slot in the end of the record separator arm (45)
(Fig. 2). If it does the section covering these parts give the
adjustment.

8. MAGAZINE STOP SCREW.

The magazine stop screw “C,” Fig. 1, should be adjusted
so that the crank pin (part of 9, Fig. 1) is approximately
3g” from the edge of the record reverse arm fork (part of 4,
Fig. 2) which is furtherest from the magazine, when the
record reverse guide is in front of the magazine, that is, in
the reversing position.

9. TO LOCATE AND ADJUST THE RECORD
TRAY (29) (Fig. 2).

In assembling the record tray to the record changer, the
first tooth of the driver quadrant (107) (Fig. 3) should mesh.
with the second tooth of the driven quadrant of the tray as
shown,

With the two gears properly meshed, loosen the Allen set
screws which hold pins No. 8, Fig. 1, in place. This will
allow you to move the record tray sidewise, adjust tray side-
wise 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. 24 are
indicated in Fig. 2.) :

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 “A,” figure 1. At this
position, the points of the ten-inch felts (24) (Fig. 2) 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 ecceptric screw (15) (Fig. 1) “B” 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.

107 FIiG.3 134 FIG.7

10. TQ ADJUST THE VERTICAL BUMPER
GUIDE (10) (Fig. 2).

This guide is located back of the magazine cross bar (33)
(Fig. 2). 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 (31) (Fig. 2). This vertical
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
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lower part of the vertical 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 (39) (Fig. 2). This adjustment is not critical. 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 bouncing against the points of the
upper record support (39) (Fig. 2) it will be necessary to
bend the vertical bumper (10) (Fig. 2) 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.

11. RECORD REVERSE GUIDE (41) (Fig. 2).

With a 12” record in the magazine the record reverse guide
assembly (41) (Fig. 2) should be parallel with the record
when in the reversing position, in front of the magazine.

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 (42) (Fig. 2), if the eccentric cam (77)
(Fig. 4) 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 reverse guide
pin tubing. Care should be taken when making this adjust-
ment so that the crank pin (part of 9, Fig. 1) 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 position
parallel with a 12” record.

12. REVERSE ASSEMBLY LINK ROD.

Loosen lock nut “H,” Fig. 6, while the record changer is
in the reversing position, that is, when the reversing assembly
(41) (PFig. 2) is in front of the magazine. Remove the screw
(79) (Fig. 4) holding the reverse segment link (80) (Fig.
4) to the reverse segment (61) (Fig. 4) and lengthen or
shorten the link, by the link thread until the reversing crank
(9) (Fig. 1) stands with the crank pin just barely touching,
but not binding, against the front side of the fork (4) (Fig.
2). After the adjustment has been made, lock the link in
place with the lock nut “H,” Fig. 6.

13. TO ADJUST REVERSE CAM ARM AND
ROLLER ASSEMBLY (57) (Fig. 3).

See Section 7 under Instructions For Replacing a Reverse

Cam.

14. 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 (87) (Fig. 5) travels in the exact center of the tone
arm lift cam (86) (Fig. 5). As shown at “M” in Fig. 5.

15. TO ADJUST THE CLUTCH THROWOUT
LEVER AND CAM.

The clutch throwout lever cam is shown as No. 125 in Fig.
7 and is adjusted by loosening the shoulder screw (69) (Pig.
4) to a sliding tension after the record changer has been
stopped in the playing position. The clutch throwout lever

cam should just clear the point of the turntable throwout
cam (93) (Fig. $) with the clutch disengaged. Unless clear-
ance 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.

16. TO ADJUST THE PICKUP ELEVATION.

When the tone arm swings in towards the record, the pick-
up arm lever hook (22) (Fig. 1) comes to rest against the
pickup arm stop lever (18) (Fig. 1) and when the tone arm
lowers the pickup toward the record it pauses momentarily be-
fore 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
(87) (Fig. S) is at the point marked “L” in Fig. 5 on the
lift cam (86) (Fig. 5). 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 lock-
nut.

17. PICKUP FEED IN ADJUSTMENT.

The collar of the pickup arm swing lever and collar as
sembly (84) (Fig. 5) should ride on the leather facing of
the friction cam (96) (Fig. 5) until the pickup arm lever
hook (22) (Fig. 1) has engaged the stop lever (18) (Fig.
1). Then a slight amount of friction should be maintained
after the ball at the end of the pickup lift arm (87) (Fig. 5)
has engaged with the lift cam (86) (Fig. 5). 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 for-
ward, 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.

18. TO ADJUST THE REVERSE CAM SHIFT
LEVER (105) (Fig. 7).

This lever is moved by the reeord control shaft (116) (Fig.
7) and is held in position by an Allen set screw. It should
be positioned on its shaft so that the record reverse cam (85)
(Fig. 5) is firmly engaged with its pin (74) (Fig. 4) in the
“Both Sides” position. In the “One Side” and “Repeat”
positions it should have good clearance with the pin. If any
adjustment of this lever is made be sure to check the setting
of the Reverse Cam Arm and Roller Assembly (57) (Fig. 4)
as instructed in Section 7 of the instructions on replacing a
reverse cam.

19. TO ADJUST THE SOLENOID MOTOR
SWITCH (108) (Fig. 6).

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 disengaged, in this
position the clearance between the bottom points should be
approximately 9g”. While the clutch moves from the dis
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engaged 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 should
make good contact and the clearance between the upper
points should be approximately 34,”.

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 Jock the
switch in position. This screw is near the point of the tapered
bakelite 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 contacts 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 thus insuring the completion of the change
cycle even though the instrument is switched to radio or
turned off.

20. CLUTCH CLEARANCE.

The clearance between the driven (70) (Fig. 5) and driv-
ing (99) (Fig. 5) members of the clutch should te approxi-
mately .020” (Twenty thousandths), and is adjusted by
Ioosening screw “N“ Fig. 7 to a sliding tension and adjusting
the clutch fork (121) (Fig. 7) and the solenocid to clutch
lever and pin assembly until the proper clearance is obtained.
After adjustment is made lock the screw “N,” Fig. 6.

21. TO ADJUST SOLENOID WEDGE SPRING.

This phosphor bronze spring is located on one of the three
spacers used to mount the solenoid plate bracket to the
solenoid bracket. It is used to prevent clutch chatter or
bounce when the clutch engages. The only adjustment is to
bend the spring to a snug fit with a long screw driver 50 as to
increase or decrease its pressure on the solenoid to clutch lever

(118) (Fig. 7).

22. TO ADJUST THE RECORD REPEAT LOCK
LEVER (82) (Fig. 7).

The purpose of this lever is to prevent accidental shifting
of the Selector Arm while the instrument js not in the play-
ing position. In the “Repeat™ position this lever is on the
side of the Solenoid to Clutch Lever (118) (Fig. 7) away
from the main cam. In the “One Side™ and “Both 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 %4g” when moved under it.

23. TO ADJUST THE REVERSE CAM LOCK
LEVER (115) (Fig. 7).

This lever should be on the main cam side of the solenoid
to clutch lever when in the "Both Sides™ position. And on
the opposite 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 {g”
when moving under it.

24. TO ADJUST RECORD REPEAT THROW.
OUT LEVER (119) (Fig. 7).

No adjustment of this part is necessary.

25. TO ADJUST RECORD REPEAT CLUTCH
LEVER (83) (Fig. 7).

The adjustment of 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 dis-
engaged in the “Repeat™ position. The fork of this lever
should not bind the sliding clutch in either the “Repeat™ or
“Both Sides” position.

26. TO ADJUST THE STOP TRIP SWITCH
(137) (Fig. 8).

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 14"
After replacing the trip arm (27) (Fig. 8) in the switch,
after the switch cover has been removed, set the turntable on
the spindle, push stop trip arm (142) (Fig. 8) slowly about
14" toward the magazine and then turn the turntable through
one complete revolution. This will insure the fibre cam, on
the turntable, resetting the trip switch, the clearance between
the trip arm and the moveable arm of the switch should be
%2”. The distance between the trip arm and the switch trip
guard finger should also be 14.”.

To adjust the clearance between the trip arm hook (27)
(Fig. 8) and the moveable switch arm, loosen the screw in
the bakelite switch base, at the end nearest the tone arm.
Move the switch until Y2"” clearance is secured between the
trip arm hook and the moveable arm of the switch, then
tighten the screw holding the switch. In making this adjust-
ment 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 positien; loosen this
screw, adjust the switch, then tighten the set screw.

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 (27) (Fig. 8) and the
auto stop trip lever—short (142) (Fig. 8) should be just
sufficient to close the automatic stop trip switch (137) (Fig.
8). The friction is regulated by adjusting the screw which
tightens the flat spring (141) (Fig. 8). If the tension is too
great the instrument may trip before finishing a record, if
not enough tension is had the instrument will not change
records when the needle hits the automatic change groove.

28. INSTRUCTIONS FOR REPLACING THE
RECORD REVERSE CAM AND ITS
ADJUSTMENTS.

1. Set record changer in the playing position. Carefully
mark the drive gear (92) (Fig. 3) on the main shaft and the
driven gear as shown 81, Fig. 3, by prick punch marks or
scriber, so that the same teeth can be engaged after re-
assembly, thus insuring proper timing.

2. Remove the, two bolts, one (60) (Fig. 3) securing the
magazine slide and roller assembly to the magazine slide arm
lever, and one (15) (Fig. 1) securing the record slide a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>