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Preface 

This book presents the basic information needed to repair record chang-
ers. The everyday mechanical motions involved are first explained one by 
one. Next, the levers, cams, gears, and other actions that produce these mo-
tions in record changers are taken up. By considering only one motion at 
a time and learning the easy practical way to correct its troubles, the reader 
gains confidence along with competence. 

For years the serviceman has been faced with the problem of obtaining 
basic record-changer information. The few service manuals that were avail-
able often did not teach. As an analogy, they gave a map of a maze of 
streets along which the serviceman could travel with little idea of where 
to go or how to get there. Now at last the serviceman can be independent 
of such information. Only rarely will such service manuals be needed. 
The book is intended for home study, for reference, and as a classroom 

text in vocational and trade schools. The practical how-to-repair approach 
allows the reader to apply his newly found knowledge to his own changers 
and to others right from the start. 

For men working in service organizations, whether as drivers, helpers, or 
apprentices, the book offers an opportunity for rapid upgrading. The radio 
and television serviceman will benefit by broadening his knowledge. 

Manufacturers of record changers and combination radio or television 
sets can use the text for company-sponsored training courses, helping ambi-
tious employees to progress in a minimum time to take over test and trou-
bleshooting positions of greater responsibility. 

Just as in radio and television servicing, a thorough knowledge of the 
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basic fundamentals is very important for fixing record changers. Each manu-
facturer has a different arrangement of mechanical parts reflecting the taste 
of the designer, much the same as each house reflects the ideas of its archi-
tect. As a result, the variety is almost endless, even though the changers 
may have the same basic form of operation. 
Knowing the basic fundamentals or motions makes it easy to figure out 

the operation of a particular record changer. The actions can then be iso-
lated and the faulty operation spotted. This leads to a quick and sure re-
pair that usually involves nothing more than adjusting a screw, bending a 
lever, or cleaning some parts. 
This how-to-fix knowledge is built up in a convenient, logical sequence. 

The serviceman is first introduced to the clean, pleasant atmosphere of 
servicing record changers both in the shop and in the home. The instruction 
is entirely practical throughout, even down to details of the tools and work-
bench required. With his equipment ready, the serviceman can start get-
ting practical experience after studying only the first few chapters. 

Replacing needles and pickup cartridges can be a big business, particu-
larly if given proper attention. Since these two parts are the causes of most 
of the troubles in record changers, they are studied first. The reader is thus 
ready to start making actual repairs by the time he has finished the first five 
chapters. 
Next comes a study of motors and motor drives. The three main chang-

ing actions—tripping the change cycle, dropping the record, and cycling 
the pickup arm so the next record will play—are discussed separately for 
simplicity. The mechanisms discussed are those most likely to be encoun-
tered. Causes of trouble and practical how-to-fix details are provided while 
the mechanism is fresh in the reader's mind. 

Special, deluxe, and auxiliary features such as automatic shutoff, special 
45-rpm changers and spindles, and various amplifier techniques are similarly 
handled. A summarizing chapter then introduces simpler and faster meth-
ods of troubleshooting and checking the record changer. 
Magnetic tape recorders, now becoming increasingly popular, offer addi-

tional repair business. A separate chapter is devoted to these machines and 
their problems. Since no changing mechanism is involved, magnetic record-
ers are even easier to repair than record changers. 

Since new changer designs use the sanie basic motions, often in simpler 
forms, this book prepares for the future as well. The basic knowledge com-
bined with experience will assure recognition in a field currently mastered 
only by few. 
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1 

Handling Record-changer 
Service Calls 

Value of Record-changer Knowledge. In recent years the use of record 

changers, wire recorders, and tape recorders has become more and more 
popular. Almost every home that has a radio or television set in it also 
has a record changer. Sometimes the automatic record changer is included 
as part of a combination radio. Sometimes it is a separate piece of equipment 
that is plugged into or used with a radio. 
Record changers are not as troublesome as radio or television sets, but so 

many changers arc now being used in homes and in industry that service-
men encounter them quite frequently. Unfortunately, however, many serv-
icemen don't know how to fix record changers. It is truly surprising how 

many top-notch radio and television servicemen are actually turning down 
record-changer repair jobs even though the modern changer is simple in 

design and quite easy to fix. 
The serviceman is not totally at fault here because only a few trade schools 

thoroughly cover the repairing of record changers. Besides, there has pre-
viously been no common source of basic information. Manufacturers' in-
formation is available on individual models, and there are books which 
compile data on a number of individual models, but there has been no 
source which thoroughly discusses the common fundamentals involved. 

It also seems that mechanics of gears and gadgets for some reason tends 
to confuse the serviceman. Although the serviceman encounters each of 
the mechanical elements of a changer in everyday life and work, the 
combining of all these in an automatic record changer seems to discourage 
and even scare him. 

1 
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Confidence a Prime Requisite. One of the most important features in 

any type of service work is confidence. This can be gained only through 

a thorough knowledge of the subject. When a serviceman recognizes the 
basic actions involved, he has a familiar starting point for tackling any 
record-changer problem. This is the basis of confidence. 

Easy and Profitable Work. Record-changer servicing is a good source of 
income. There arc servicemen who specialize in this field exclusively. Vir-

tually every record changer in use requires a new needle. A proper approach 

to the problem is almost certain to result in a sale. In addition, many of these 

same record changers require a new pickup cartridge for proper results. This 
adds to the income. 

There is no servicing job quite as simple as changing a needle or a car-
tridge. Record-changer servicing as a whole is relatively clean and physically 
easy. Manufacturers use women in assembly and test, as shown in Fig. 1. 
The work is just as easy for you once you know how. 
Wire and Tape Recorders. The existence of many wire and tape recorders 

adds to the service business. Although wire recorders are being manufac-

tured in smaller quantities, tape recorders are becoming increasingly popu-
lar. Both of these recorders are discussed in a separate section of the book. 
Although the operation of tape and wire recorders differs considerably in 

appearance from that of the disc-type record changer, the mechanical 
actions arc very much the same, though fewer. 

Customer Relations. Needless to say, good customer relations are im-

portant in any business. The impression which a serviceman leaves with 
the customer can mean added profits and a much more pleasant job. 

Customer relations are services extended to the customer which are not 
of a technical nature. The important point in all contacts with the customer 
is to try to appreciate his point of view. The prime qualities expected are 
courtesy, consideration, honesty, and value. 

Respect for the Customer's Property. I Iome is a man's castle. What may 
be a piece of junk to one person may be a prize possession to another. This 

point of view must be borne in mind in all transactions. Walking on the 
sidewalk rather than on the grass, using the doorknob rather than the wood-

work when entering or leaving, closing the door rather than slamming it 
shut or leaving it ajar, wiping the feet rather than tracking in dirt or mois-
ture—all are simple but important considerations. 

Your hat should be removed in front of women and in the house. Any 
jacket or coat which is taken off should be neatly placed in a spot where it 
will not cause concern. When work is done in the home, newspapers or a 
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cloth should be laid on the floor before placing the tools or the record 

changer there. Tools should generally be returned to the toolbox rather 
than placed on the floor. They should not be placed on top of furniture, 
as this is almost a sure way of scratching it. Caution should be used so 
that tools which are tucked into the pocket will not accidentally scratch the 
furniture or the wall. 

Fig. 1. Record-changer repairing is Ii,t, clean work generally requiring only adjustment of o 

screw or bending a piece of thin metal 

Another point to avoid is using furniture as a base when writing out 
invoices or receipts. A wood finish is usually soft, and an impression may be 
left in the surface. A magazine placed under the paper will solve this 

problem. 
Considerations for the Work Area. In most instances it will be found 

that pictures, vases, clocks, and other ornaments are placed on the record 

changer, radio, or television set. These should be moved to a spot where 
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there is no possible danger of damage. Furniture which might get in the 
way should also be moved before beginning work. Anything which is moved 
at the beginning of the job should be returned to its original position. 

Where record changers are being repaired in the home, it may be a good 
idea to request the use of a card table. The record changer may then be 
placed on the card table, taking caution to first place a newspaper or other 

means of protection over the card table's surface. The card table will provide 
a convenient means of work. 

Upon completing the job, any scraps, including newspapers, should be 

cleaned up. If necessary, a vacuum cleaner should be requested. If the 
customer advises the serviceman not to bother because he or she will clean 
up, this is perfectly acceptable, but the serviceman should first offer to do it. 
If the serviceman becomes dirty from working, he should ask permission to 
wash up in the kitchen. This will prevent any dirt or grease from being 
carried about the customer's home or on to the next job. 

Personal Attitude. A cheerful disposition is a big asset in servicing. A 
smile goes a long way. It helps to put both the serviceman and the customer 
at ease. 

The customer's questions often are prompted by ignorance, and a word 
of explanation is in order. However, it is never desirable to try to impress 
the customer, either by the use of technical terms or by boasting. The facts 
should be stated simply. If the answer is unknown, this fact should be 
acknowledged. If questions are of a general nature, a general answer should 

be given, indicating that specific examples do not always follow the general 
case. If specific answers are not possible, it is permissible to give .your per-
sonal opinion, saying frankly that others may not fully agree with it. 
Endorsement of Products. Caution must be used in evaluating a product 

or in condemning it. An approach should be used which avoids a definite 
opinion or answer. It is usually possible to say something good about any 
product. In general, it is not wise to say positively that any one product 
is the best. Even if such a feeling is in order, it may get you into trouble. 

For example, to remark that product A is the best available may bring 
repercussions if the customer talks to a neighbor or friend who owns 
product I3—the owner of product B may be a present or future cus-
tomer. 

Customer Information of Considerable Value. Conversation with the 

customer regarding the nature of the trouble is very helpful and often es-
sential. At the time of the customer's request for service it is often possible 
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to obtain much information which will be of later value. The type of trouble 
involved, whether or not such trouble exists constantly or intermittently, 
whether or not it occurs on all records and all sizes of records, and whether 
or not the difficulty occurs only with the phonograph as opposed to the 
radio operation—all will assist the serviceman in making an intelligent 
approach. 

If the trouble occurs in the phonograph only and is concerned with poor 
tone or volume, it is quite probable that the needle or the cartridge is at 
fault. If the changer-operating difficulty occurs with only a few records, 
it is possible that they have badly worn center holes, are of nonstandard 
dimensions, or lack a changing groove. Discussion of the problems with the 
customer both before leaving the shop and after arriving at the home can 
therefore be of considerable value to the serviceman. 
Customer Operation of Record Changer. When making a call to service 

an unfamiliar record player, it is often advisable to have the customer start 
the operation. This enables the serviceman to get his bearings and saves 
embarrassment. Moreover, it is possible that the customer is operating the 
record player in an improper manner, which will become apparent by his 
actions. 

Confident Appearance. At all times the serviceman should exhibit an 
air of confidence. If a questionable point occurs, he may stall for time by 
engaging the customer in conversation or by operating the record changer in 
a manner which will not damage the unit. This enables the serviceman to 
view the situation and to think out the problem with which he is faced with-
out letting the customer become aware of the complications involved. 

Personal Appearance. The serviceman should be presentable at all times. 
A neat appearance breeds neat work, which is appreciated by both customers 
and fellow workers. Much effort has been extended to raise the electronic 
serviceman to a professional status. To succeed, the serviceman must play 
the part. 
Summary. It is not intended that this short discussion give all the details 

of conduct pertaining to service calls. The basic considerations have been 

pointed out, including the more frequent problems confronted. The prime 
principle is to be aware of the customer and to give him 100 per cent con-
sideration. There is no substitute for being observant and thoughtful. 
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QUESTIONS 

1. Are record players as troublesome as radio or television sets? 
2. What is one of the simplest of servicing jobs that will help virtually every 

record changer in use? 
3. Is the wire recorder more popular than the tape recorder? 
4. What considerations should you give to a customer's property? 
5. Why should you be cautious in endorsing products? 
6. What personal traits should you emphasize? 
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How a Record Changer Works 

Mechanical Record Player. The mechanical phonograph was the forerun-
ner of our modern record players and changers. In this unit everything was 

accomplished mechanically from the spinning of the record to the repro-
duction of the sound. 
When recording, the desired sounds were collected by means of a horn, 

as in Fig. 1, and guided to a thin diaphragm, which was free to vibrate 
when the sound waves reached it. By use of a lever a pointed stylus was 
connected to the center of the diaphragm and thereby caused to vibrate. 

LEVER 

PIVOT 

CHUCK 
ST YL US 

NOTION 

GROOVE 
IN RECORD 

DIAPHRAGM 

RECORDING 

( 
SOUND 
WAVES 

PLAYBACK 

Fig. 1. Early method of recording and reproducing sound. Grooves are cut in recording by a 

stylus with a sharp cutting edge. Records are played back with a needle, which has a rounded 

point 

'llie stylus rested lightly upon a disc or record coated with wax on the 
upper surface. This record was rotated on a turntable at a predetermined 

speed while the needle was moved across the disc surface. Thus the stylus 
cut a spiral groove in the wax coating. As the sounds caused vibration of 

7 
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the stylus, the spiral groove became wavy. These waves were proportional 

in both amplitude and frequency to the original sound waves. 
To reproduce the recorded sounds, the process merely had to be reversed. 

The turntable and record were rotated at the original speed by means of 
a spring motor. A rounded-edge needle was allowed to follow the wavy 
groove thus causing the diaphragm to vibrate. This vibration, in turn, 

moved the surrounding air, producing sounds that were concentrated by a 
megaphone-like horn or sound box and then passed on to the listener. 

The soft wax-coated disc could not withstand very many playings because 
the friction of the needle as it followed the groove soon caused the record 
waves to disappear. Consequently, the original wax disc was used only as 
a mold or pattern from which other records were made, of harder, longer-

lasting materials. The main disadvantages of the mechanical system, how-
ever, were the limitations in volume and sound fidelity. 

Modern Mechanical Record Player. The old phonographs are rarely in 
use today, and it is unlikely that you would be called upon to repair one. 
However, their exact counterparts, the portable phonographs, which are 
generally packaged in luggage-type cases, are in widespread use in the home, 
at beaches, vacation spots, or places where electric current is not available. 

Operating the Mechanical Record Player. The following procedure is 
generally used in operating a mechanical, or portable, phonograph. The 

crank is removed from its storage hole or clamp, and inserted in the crank 
hole on the side of the case. Before the machine can be wound, the brake 

lever must be placed in the sTor position so that its leather shoe is in con-
tact with the inside surface of the rim of the turntable. This stops the move-

ment of the turntable. The motor spring is then wound until the crank 

stops. The spring should not be forced beyond this point because any fur-

ther strain is apt to break it or one of its associated parts. 
A needle must be placed in the chuck of the sound box and the thumb 

screw tightened to hold it secure. After a record is placed on the turntable, 
the brake lever should be moved to the START position. This allows the motor 

to rotate since the shoe no longer contacts the turntable rim. In a few 
seconds the motor will attain its proper speed. The sound-box head may 
then be placed gently on the record so that the needle contacts the record 

in the space between its outer edge and the first grooves. At this point the 
starting groove engages with the needle and carries it forward to the playing 
grooves. 

Control of Turntable Speed. Mechanical record players have a speed 
scale and pointer. On one side of the center line the speed-indicating scale 
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is marked FAST, the other side is marked SLOW. Under normal conditions 
the pointer is set at the center line of the scale, which provides the correct 

speed of the record. 
In order to check the speed of the turntable, a stroboscope disc can be used 

and the speed pointer adjusted accordingly. The stroboscope disc will be 
discussed in detail later. An alternative is to adjust the speed to produce the 

most pleasing sound. 
When the record has been played, the brake lever should be moved to the 

STOP position. The sound box should then be removed from the record and 
placed on its rest. In some machines an automatic device is used which 
throws the brake to the STOP position at the conclusion of the record. 

In some of the old record players an electric motor was substituted for 
a spring motor. In this case the stopping and starting of the motor was done 
with an electric on-off switch. Automatic stop switches were sometimes 

used, eliminating the necessity of turning off the motor. 
Electronic Record Players. the mechanical phonograph has been out-

moded by the modern electronic record player. About the only similarity 
between the two devices lies in the physical character of the record. The 
recording process utilizes a microphone which converts the desired sounds 
into electrical energy which then is amplified by vacuum tubes. Next, the 
resulting signals are fed to a recording head which converts them into 
mechanical vibrations. These vibrations, through the medium of a recording 

stylus, produce the wavy groove on the surface of the rotating disc. 
To reproduce the original sounds, the record is rotated again at its 

original speed, and a needle following the wavy groove produces mechanical 

vibrations, which are converted into electrical energy by a pickup mechanism. 
The resulting electrical energy may then be amplified by vacuum tubes to 
any desired level, and finally reconverted to sound by a loudspeaker. A 
volume control is provided in the audio amplifier to control the level of the 

sound reproduced by the loudspeaker. In most cases the power required for 
turning the record is supplied by an electric motor. Since synchronous a-c 

motors are used in these players, speed regulators are generally unnecessary. 
Operation of Modern Record Players. The operation of a modern record 

player is quite simple. The motor must be turned on by means of a switch, 
a record placed on the turntable, and the pickup arm lifted from its rest 
position and gently lowered into the playing grooves of the record. The 

volume control of the record player, amplifier, or radio, depending on which 
is used, will have to be regulated to give the desired amount of sound. At 
the conclusion of the record, if there is no automatic stopping device, the 



10 Repairing Record Changers 

motor must be turned off. The pickup then should be removed from the 
record and placed on its rest. 

This same system is used when the radio and record player are combined 

into one unit, called a radio-phonograph combination. Some of these record 
players are put into portable cases and look very much like the mechanical 

portable except that they are all electric, incorporating their own amplifiers 
and speakers in the design. Others, table-model phonographs, are installed 
in wooden cabinets. Whatever the case may be, the operation of all these 
units is similar. 

Wireless Record Players. Several manufacturers designed their record 
players so that they could be played through a radio with no connection 
to it. This was accomplished by means of an oscillator that was built into 
the record player. This oscillator sent out a signal capable of being picked 
up by the tuning portion of a radio in the same manner as this tuning 
portion picks up a signal broadcast by a radio station. 

Wireless record players were used mostly when the record player was 

placed at a distance from the radio. This idea was once very popular and 
still is used sometimes, even though a record player attached directly to 
an amplifier is much better. Like radio signals, signals from the oscillator 
are subject to man-made and atmospheric disturbances, and the quality of 
tone through a direct hookup is much better. 
The operation of wireless equipment is the same as previously described 

except that the radio must be tuned to the proper dial setting to receive the 
oscillator signal. 

Automatic Record Changers. The desire to have continuous music for a 
long period of time without constantly operating the record player resulted 

in the development of the automatic record changer. Once placed in opera-
tion, several records are played in succession, requiring no further attention 

until the last one is finished. Selection of the records and proper operation 
of the pickup arm are accomplished automatically. 

Because of the popularity of these record changers many electric portables, 
many table-model phonographs, and almost all radio combinations use 

them. The automatic changers operate in various ways, but they all ac-
complish the same job regardless of the manner in which it is done. 

Types of Records. The early record changers were designed for use with 

standard or 78-rpin ( revolutions per minute) records only. At that time 
33%-rpm records were used solely for motion picture and transcription 
purposes. Only recently did the 33%-rpm microgroove, or long-playing ( LP), 

record become available for domestic use. The 45-rpm record followed shortly 
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thereafter. As a result record changers that are designed for 78 rpm only, 
for 78 rpm and 331/3 rpm, and for all three speeds are now in use. The single-
speed 45-rpm changer is also used extensively as a separate plug-in unit be-
cause of its significant differences and low cost. Other speed combinations 
arc used in small quantities, also. 

Operation of Record Changers. A general over-all procedure for the 

operation of record changers will follow. Because of the many different 
methods used by the various manufacturers to do the same job, detailed 
procedures will be indicated in later chapters. 

RECORD sr-Ail/LIMP 
RECORD 
SUPPORT 

SPINDLE— 

PICKUP ARM 

CONTROL KNOB 

RUBBER NEEOLE PAD 

PICKUP ARM REST POST 

PUSH PLATE 

SELECTOR SHELF 

PLUG 
(TO AMPLIFIER) 

A- C PLUG 

Fig. 2. One style of automatic record changer, showing those points which are important to 

operation 

Before an automatic changer is operated, the buttons, levers, and adjust-
ments should be studied thoroughly. This saves damaging of records, needle, 
pickup cartridge, or other parts of the mechanism. One general style of 
record changer is shown in Fig. 2. 

The usual record changer can be operated in either the manual or auto-
matic method. When the control knob is turned to MANUAL, or M, the 

machine will operate as an ordinary electric record player. The operating 
procedure is then as previously described. 

Automatic Record-changer Operation. When the control is moved to 

AUTOMATIC, or A, the machine operates as an automatic record changer. 
Assume that an automatic record changer is being set up to play a stack of 
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10-inch records. The record support, or supports, must be placed in the 

10-inch position and the stack of records put in place over the spindle. Any 
stabilizer arm or record weight should then be placed on the top of the 

stack. If there are any levers that can be placed in a position marked 

10, or if there are any buttons marked 10, they should be moved into posi-
tion. This will generally affect the record supports. 
When playing standard 78-rpm records, make certain that the cartridge 

or needle is set in the STANDARD or 78 position. This adjustment will be 
located on the pickup arm, near the needle. The motor drive mechanism 
should also be set in the 78 position. This is located on the base of the 
changer. The motor may then be started, and the lever or button marked 
REJECT operated. The mechanism now will start through its automatic cycle. 
Some changers will turn themselves off and move the pickup arm to its 

rest position when the final record has been played. In this case, it is only 
necessary that the record supports be moved out of the way and the records 
taken off the turntable. 
On record players which keep repeating the last record instead of stopping 

automatically, the pickup arm should be lifted up from the surface of the 
record when it starts replaying and then placed in its rest position. The 
motor switch must then be shut off, the record supports moved out of the 

way, and the stack of records removed from the turntable. 
A similar procedure is followed for playing a stack of 12-inch 78-rpm 

records except that the supports, levers, and buttons must be placed in the 
12 position. 

Likewise, other record speeds require adjustment of the pickup or of the 
needle and drive mechanism to the 33% or 45 position as required. The 

LP or 33%-45 position of the pickup is used for both speeds since the same 
needle is used for both. In some cases the same pickup or needle position 
may be used for all records owing to the use of a compromise needle. In 
some cases it is necessary to insert a special plug-in spindle before playing 
7-inch 45-rpm records. 

If a changer is made for one speed and one record size, it is obviously 
unnecessary to make the preliminary adjustments. 
Removing Pickup from Record. Many record changers are designed to be 

childproof. Since not all arc designed this way, it is necessary to use caution 
in handling the pickup arm. When the pickup arm is removed from the 
record, if it has gone more than one-third of the way across the record, the 
REJECT button should first be pushed. Then the mechanism should be al-

lowed to swing the pickup arm up and off the record and back down again 
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into the starting groove, before it is manually removed. Thus the whole 
cycle has been completed and the pickup arm is free, with no danger of 

initiating the change cycle. 
The motor switch should never be turned off while the pickup arm is 

still going through a part of the change cycle. 
Ten- and twelve-inch records should never be placed on the record support 

arms to be played at the same time unless it is definitely known that the 
machine is an intermix record changer. An intermix record changer is de-

signed to play both 10- and 12-inch records intermixed in a stack. It can be 
recognized by the absence of controls marked 10 and 12. 

Use of Reject Control. The purpose of the REJECT control is to actuate 
cycling of the record changer. This causes the bottom record of the stack 
to drop in position for playing, and then moves the pickup arm into the 

starting groove of the record. If the REJECT button is pushed while a record 
is being played, the pickup arm is automatically raised and moved out of the 
way by the mechanism before the next record is dropped. 

Intermix Record Changer. In the case of the intermix record changer 

the previously described precautions on setting the record supports may be 
neglected. Ten- and twelve-inch records may be stacked at random and 
placed on the record supports. 

Records. The purpose of a record is to store sounds. The record changer 
and the associated amplifier and speaker equipment provide a means of 

taking the recorded information from the record and converting it back into 

audible sounds. 
Recordings are generally made on both sides of a record. Where the record 

contains popular songs or music, a different selection is recorded on each 

side of the record. With microgroove recordings one side of the record may 
contain several musical selections. With these records the sequence in which 

the music is played is generally of little consequence. 
With classical music or even the semiclassical types such as operettas 

the musical score is of rather long duration. Here it is not usually possible 

to get the entire selection on a single side of a record. With the standard 
78-rpm records it is then generally necessary to use several records to present 
the complete group or sequence of music. Such records are assembled into 

albums for sale. Albums consist of two to possibly eight records recorded on 
both sides. Even with long-playing 33%-rpm records it is sometimes neces-
sary to use two or more records for a classical selection. 

Records for Manual Operation. If the records are played manually, it 
is convenient to start the musical sequence on one side of one record and to 
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continue it on the other side so that the operator need only turn the record 
over to continue the sequence. The third portion is contained on another 
record and the fourth portion on its reverse side. 

Records for Automatic Operation. In the usual record changer only one 
side of the record is played. Upon completion, another record drops onto 
the turntable and one side of it is played. As a result, it is necessary that the 
first part of the musical sequence be placed on one record and the second 
part on another record. The third part would likewise be placed on a third 
record. 

PARTI 

PART 2 

PART 3 

(A) START (B) FINISH 

Fig. 3. The recording sequence of a three- record album for use with an automatic record 

changer. When the first three parts have been played, the stack must be turned over to play the 

other three parts 

The initial arrangement of a three-record album is illustrated by Fig. 
3A. For convenience it is desirable that the stack of records can be re-
moved intact and merely turned over on the record changer, as in Fig. 
3B, to complete the playing of a long musical composition. This arrangement 
of records is said to be made for the drop-type record changer. Since virtualls 

all record changers and record albums currently being made are of this type, 
it is generally not necessary to specify. On the other hand, it is possible that 
a record dealer may overlook this fact and sell your customer an album of 
older records made for manually operated phonographs. Here all you can do 
is explain why record albums have been made two ways and suggest that 
the customer try to exchange his album for the other type. 

Functions Recorded on a Disc. In addition to the grooves which contain 
the music, a record generally has other desirable features which are necessary 
in the operation of a record changer. 
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Except for a few very old 78-rpm records, practically all records have a 
lead-in groove at the outer edge of the record. This groove starts at the extreme 
outer edge and leads in to the point where the reproduction portion begins. 
This portion of the record is a band approximately 3/16 inch wide next to 
the edge of the record. It provides a convenient area in which the operator 
may set the needle down on the record. By placing the needle down in this 
area, the operator is assured that the very first notes of the recorded portion 
will be played. This portion is known as the starting groove. 
The starting groove moves inwardly in a spiral manner much more rapidIN 

than do the recorded grooves of the reproduction portion. This limits the 
time that the operator is required to wait before the record begins. Modern 
records designed for use with automatic record changers require this start-
ing groove since, due to mechanical tolerances, the set-down or indexing 
mechanism does not drop the pickup arm at absolutely the same place each 
time the record changer operates. The set-down point is bound to vary 
slightly due to mechanical tolerances in the manufacturing process. 

NEEDLE VIBRATORY MOTION 
OF NEEDLE 

RECORD 

(o) 

NO FAINT 
SOUND SOUND 

LOUD SOUNDS HIGHER-FREQUENCY 
GREATER SOUND 
WIGGLES) (MORE WIGGLES PER 

/NCH 
(8) 

Fig. 4. An enlarged view of a record and needle illustrates the nature of the sound track. 

(A) Wiggles in groove contain the sound. ( 13) The number of wiggles determines the frequency, 

and the amount of wiggle determines the volume 

Recorded Sounds. The reproduction portion of a record occupies the 
prime area since this is the purpose of the disc. It contains a continuous 
series of grooves in the otherwise smooth disc. This is illustrated in Fig. 4. 
With modern records the depth of the groove is held constant but it waves 
from side to side as the pitch of the music changes. The number of times 
it moves from side to side in each second of time determines the frequency 
or tone of the reproduction. The relative loudness is determined by the 
amount of lateral variation of the groove. Actually a single tone is only held 
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for a very small portion of a second. In addition, several tones may be 
superimposed on one another since they can occur simultaneously. As a 
result, the variations from side to side are constantly changing. 

The recorded portion of the record varies in width from about 1 inch to 
31/2 inches on the commercially available records. The amount of space 
allotted to reproduction is dependent upon the size of the record, the width 
of the groove, and the desired quality of the sound. The term playing 

grooves will be used to designate this area. 

Finishing Groove. At the end of the reproduction portion is a finishing 
groove. Since the playing of the record started at the outer edge, this 

finishing groove is on the inside. This groove has a fast-leading spiral in 
much the same manner as the starting groove. With the manual record used 
in earlier times, this groove led rapidly inward for about % 6 to lA inch and 

then stopped in a continuous circle so that the needle stayed in the same 
groove until the pickup arm was lifted from the record. 

The present-day record also makes use of the finishing groove. In this 
case, however, not only does the groove lead in at a rapid speed, but when it 
reaches its maximum excursion ( smallest diameter), it then moves outward 
to the start of the finishing groove. A groove with a continuous spiral in and 
out results. This finishing groove is used in conjunction with the pickup 
arm to operate the mechanism which causes the record changer to trip and 
change records. 

Characteristics of the Grooves. Early records had grooves that varied 
up and down. As the pitch at any instant changed, the groove changed in 

depth. As a result of the appearance of this up and down cut in the record, 

the groove was often called a hill and dale type of recording. Because of com-
mercial disadvantages of this vertical type of groove the lateral or sideways 

variation came into being and is now used predominantly. The vertical cut 
is today used in some professional recording equipment, chiefly for recorded 
radio programs. Commercial recordings all utilize the lateral type of groove. 

The number of grooves per inch varies depending upon the type of record 
and the playing time for the selection. In order to standardize on records, the 
arca used for the reproduction portion has been defined. For flexibility 
there may be more than one standard for a record size. Seven-inch 45-rpm 

records, for example, are made in two ways: one with about 7/g inch recorded 
portion and the other ( extended play) about 1% 6 inches. 

Within the limits of any one standard size, a relatively long reproduction 
requires a large number of grooves, whereas a short recording requires a 

relatively small number of grooves. The needle radius and therefore the 
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shape of the groove is determined by industry-wide standards. Also the 
relative loudness of the record is determined by the amplitude or amount 
of lateral variation in the groove. Since the maximum number of grooves 
in a given space is determined by the width of the groove and the lateral 
variation, a limit is set as to the maximum number of grooves which can 

be recorded. 
The number of grooves used per inch is known as the pitch. For the stand-

ard 78-rpm record the cutting pitch varies from approximately 88 grooves 
per inch to 112 grooves per inch. In order to present more playing time in 

a given recorded area, recordings are made at slower speeds and with smaller 
groove sizes. These are often known as the long-playing or microgroove type 
of record. The 45-rpm record is made only in the 7-inch size and has from 
about 120 to 275 grooves per inch. The 33%-rpm records use from about 
120 to 300 grooves per inch. It is interesting to note that at least one record-
ing group uses a variable number of grooves so that where the volume is 

low a greater number of grooves per inch are used. When the recorded 
volume and therefore the amplitude of the lateral cut increases, the number 
of grooves is decreased. This allows a greater over-all number of grooves to 

be cut in the reproduction portion of the record. 
Characteristics of Recorded Sounds. The sounds that can be heard and 

that arc normally recorded can range from a low of around 30 cycles to a 

high of around 15,000 cycles. Only a few special high-fidelity records cover 
this entire range, however. 

Because of the characteristics of the human ear, not all sound frequencies 
are of equal effect. Hearing varies from individual to individual, and many 
older people cannot even hear frequencies above 10,000 cycles. Furthermore, 
there are technical factors that actually make it desirable to use a limited 

frequency range on the average commercial record and in record-playing 
equipment. One important factor is the inherent noise produced by the 

needle traversing the surface of the record. This noise occurs at audible 
frequencies above 10,000 cycles per second. Another is the high cost of 
loudspeakers that are capable of reproducing extremely low and extremely 

high frequencies. 
Taking into consideration the human limitations, the drawbacks of sur-

face noise, the limitations of the loudspeaking device, and the cost of con-
structing equipment capable of reproducing the upper and lower frequency 
extremes, it is common practice to restrict the range of reproduction. 

Various recording standards have been devised, and record manufacturers 
use several of these. Basically, two characteristics are available for use in 
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recording; constant amplitude and constant velocity. These are shown in 
Fig. 5. With a constant input, constant-amplitude recording gives an equal 
lateral excursion for all frequencies. Constant-velocity recording moves the 
stylus the same lineal distance for all frequencies. This gives a lateral ampli-
tude which changes with the frequency; the higher the frequency, the 
smaller the amplitude. 
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Fig. 5. Illustration of recording characteristics. Comparison of A and B shows difference in 
appearance when plotted for relative amplitude and relative velocity 

To have constant amplitude, the needle must travel further at high 
frequencies than at low frequencies. This requires additional power at the 
higher frequencies. Constant velocity, on the other hand, limits the number 
of grooves per inch because the lateral amplitude is large for the low fre-
quencies. 

In general, records are made with constant-amplitude recording for the 
low frequencies. At some frequency, called the crossover point, this is 
changed to constant velocity. 

Noise is a high-frequency phenomenon. Since it is desirable to keep it to 
a minimum in relation to the wanted high-frequency audio, the latter is 
increased in level when recording. Then when the record is played back, the 
high frequencies can be reduced in level and the noise will be subdued. This 
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increase in level is usually something between constant amplitude and con-
stant velocity. 

The various standards are designed so that it is relatively easy to compen-
sate for such variations by means of special tone controls. The stan-
dards differ in the amount of such compensation. In Fig. 6 the record-

ing characteristic used by RCA for Victor records is compared to the char-
acteristic used by the Columbia Broadcasting System for their Columbia 
records. 
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Fig. 6. Recording characteristics of Victor ond Columbia discs 

To understand these curves, it is necessary to define the scales used. Loud-

ness or signal level is described by the term decibel which is the ratio of 
one level to another. The abbreviation db is usually used for decibel. In 
amplifiers it is customary to work with either power levels or voltage levels. 
A ratio of one is used as reference and is equal to zero db. 
A voltage ratio of two to one is equal to 6 db. A voltage ratio of ten to one 

is equal to 20 db. Other values are indicated in Table 1. Decibels of power 

ratios are similarly indicated. The other scale of the curves is in frequency. 
However, it is customary to speak of decibels change per octave, so it is 
necessary to define an octave. An octave is a frequency ratio of two to one. 
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It will be noted that the Victor records have a high-frequency rise of ap-

proximately 4 db per octave above about 1,000 cycles per second (cps). The 
Columbia records have a rising compensation of about 5 db per octave over 
this range. Both characteristics tend to level off somewhat in the neighbor-

hood of 600 to 1,000 cycles per second. Below this the Victor characteristics 
drop off at about 6 db per octave, while the Columbia records drop off at 
about 5 db per octave. 

Table 1. Power and Voltage Ratios Expressed in Db 

Power Ratio P: P. Voltage Ratio E: E.: Decibels ( db) 

1 1 0 

1.26 1.12 1 

1.58 1.26 2 

1.99 ( roughly 2) 1.41 3 

2.51 1.58 4 

3.16 1.78 5 

3.98 ( roughly 4) 1.99 ( roughly 2) 6 

5.01 2.24 7 

6.31 2.51 8 

7.94 2.82 9 

10.00 3.16 10 

12.6 3.55 11 

15.8 3.98 12 

19.9 4.47 13 

25.1 5.01 14 

31.6 5.62 15 

39.8 6.31 16 

50.1 7.08 17 

63.1 7.94 18 

79.4 8.91 19 

100.0 10.00 20 

Restoration of the audio response to its original form is done in the 
amplifier. This is called compensation and is provided in the form of bass 
or treble boost. Where the amplifier is a standard unit, a preamplifier is 
often used to compensate for the cartridge and record characteristics. Some 
expensive amplifiers have a switch which allows selection of the compensa-
tion so as to match the particular record being played. Most amplifiers, 
however, have only a single compensation circuit which is a compromise 
between that required for the various recording standards. Most listeners 
will not be able to discern the difference. However, if the listener is a high-
fidelity enthusiast or complains of the difference between different make 
records. this knowledge becomes of importance. 

Needle Pressure and Shape. The information which is recorded in a 

disc is picked up by means of a needle which rides in the groove. The manner 
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in which the needle fits into the groove is important since if it fits incor-

rectly or exerts too much pressure, it will cause undue wear either to the 
record or to the needle. On the other hand, insufficient pressure will result 
in weak volume and possibly a tendency for the needle to skip grooves or 
slide across the record. 

The pressure of the standard 78-rpm needle should generally be between 
% and 11/4 ounces. The pressure of the needle for microgroove recordings 
should be between 5 and 7 grams. 

The pressure which the needle exerts is due primarily to the weight of the 
pickup-arm assembly. As a result, it is necessary to balance this in a rather 

delicate manner. Although the needle pressure in itself is not very great, 
the force per square inch of needle surface is rather tremendous because it 

makes contact with the record at only two points. The included angle of 
the needle is approximately 45 degrees. The needle rides in a groove which 
has an included angle of almost 87 degrees. 

Pickup, Amplifier, and Speaker. The needle serves as a means of trans-
mitting the groove variations to the pickup. The pickup is an electro-
mechanical cartridge which converts the mechanical variations to electrical 
variations. An exact transfer is desired in order to faithfully reproduce the 

recorded portion, but this is not always possible and variations may exist. 
The electrical variations produced by the cartridge are an audio signal of 

very low intensity and cannot drive a loudspeaker. An amplifier is therefore 
required to build up the strength of the audio signal. The loudspeaker is 
another electro-mechanical device used to convert electrical energy to me-
chanical energy. The mechanical motion of the loudspeaker cone pushes 
the air so as to produce audible sound. 

In the process of recording it is not possible to handle the full range of 

volume actually used by a large orchestra. At very low volume, noises from 
the record surface and within the amplifier may mask the desired sound. If 

the maximum volume is recorded, the spacing between record grooves must 
be large or the grooves will break through to each other. For these reasons 
the recording is restricted or compressed at the two extremes of volume. 

Quality amplifiers, as used in listening to operatic recordings, sometimes 

include an expander circuit to restore the volume range to the original rela-
tionship. 
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QUESTIONS 

1. How do you operate a mechanical record player? 
2. How do you operate an automatic record changer? 
3. What is the proper way to remove a pickup arm from the record? 
4. Name two types of record albums. 
5. What determines the tone of a record? 
6. What determines the loudness of a record? 
7. Name the functions of various areas of a record. 
8. Do modem records have grooves that vary sideways or up and down? 
9. What is the pitch of a record? 

10. How high and how low do records go in frequency? 
11. What is the crossover point? 
12. In what manner do the recording characteristics of the various record man-

ufacturers vary? 
13. Why is it important that the needle properly fit the record groove? 
14. How is the output of the pickup cartridge converted to sound? 
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Getting Acquainted with 
Record-changer Actions 

Introduction. III order to provide continuous reproduction without in-
terrupting the listener, an automatic method of changing records is desired. 
To accomplish this, methods must be used to carry out the motions that 
a person would use when changing records. When one record is completed, 
the pickup arm must be removed from the record, another record must 
be placed on the turntable, and the pickup arm must be set down at the 
beginning of the next record. 

Turntable Rotation. Whether the record player is of the manual type 

or of the automatic-changing type, it is necessary to have a means of ro-
tating the turntable. The turntable is driven by means of a motor and 
some sort of drive mechanism, and turns in a clockwise direction. 
The motor may be a spring-driven type necessitating manual windup, 

or an electrical type. The spring-driven motor is common in older machines 
and in inexpensive or portable manual players. Since the spring-driven 
motor must be wound up frequently, it is not suitable for use in the 
automatic changer. 
The drive mechanism between the motor and the turntable may be one 

of several varieties. The most obvious method of driving the turntable is 
direct drive with a slow-speed motor. In this method the motor shaft is 
connected directly to the turntable. Since the turntable has a large mass 
(or weight), a powerful motor is required. 
A more common method is the rim-drive system. Here the motor has a 

small wheel connected to its shaft. This wheel pushes against the rim of 
the turntable as shown in Fig. 1. When the motor and drive wheel turn, 
the turntable is caused to rotate. This also gives speed reduction, permitting 
use of smaller and less expensive high-speed motors. 

23 
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Other methods are variations of this, using gears or belt drive instead of 
friction or direct coupling. For example, a rim-drive machine may operate 

by connecting the motor shaft and the turntable drive wheel with a small 
belt, as shown in Fig. 2. 

Operation of the motor is controlled by means of a switch. If the motor 
is electrical, an on-off switch is used to complete or interrupt the circuit. If 

the motor is spring-driven, it can be stopped by means of a heavily loaded 
friction unit holding the turntable from rotating, in much the same man-
ner as a person might stop it by holding his hand against it. Where a con-
stant-speed arrangement is not used, a speed adjustment is usually provided. 

AeroR 
SHAFT 

TURNTABLE 
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TURNTABLE RIM 

OR/VE WHEEL 
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Fig. 1. Rim-drive principle of rotating the turntable 

MOTOR SHAFT 

BELT 

Den* WHEEL 

ruRNr48LE RIM 

Fig. 2. Belt connection between 

wheels in the turntable drive mech-

anism 

Initial Record-changing Cycle. When a stack of records is put on a 
record changer and the machine is started, mechanical action must cause 

the pickup arm to swing clear of the turntable prior to dropping the first 

record. The pickup arm then must be caused to set down at the beginning 
of the record. 

Normal Changing Cycle. Upon completion of a record the changing 
mechanism must be actuated so as to start operation. This action is called 
trip. The remainder of the cycle must then be carried out as usual with the 

pickup arm lifting and moving to the side, the next record dropping, and 
the pickup arm then indexing itself at the beginning of the record. The 

turntable keeps rotating during all of this so the cycle does not affect it. 
In fact, usually the rotation of the turntable is an integral part of the change 
cycle. 

Various methods are used by the many record-changer manufacturers to 

accomplish the actions described above. This also applies to reject action, 
automatic shutoff, and other features of modern record changers. 

Basic Mechanical Movements. The various actions of a record changer 
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are nearly always mechanical in nature. A number of different types of 
mechanical movements are utilized in conjunction with one another to 

obtain the results desired. Recognition of these movements and an under-
standing of how they work makes it possible to do repair work without the 

continual need of manufacturer's information. 
The various mechanical movements can be broken down into a few 

basic types. This is true not only of record changers, but of mechanics in 
general. The movements used in record changers are: the lever, link, wheel 
and axle, gear, pulley, cam, clutch, ratchet, roller, spring, and screw. In 

addition, the effects of friction and gravity will also be discussed. 
In mechanics there are three basic desires: ( 1) translating motion from 

one type to another, ( 2) changing direction of motion, and ( 3) obtaining 
a mechanical advantage. Although the first two are self-explanatory, it is 

desirable to discuss the third, namely, mechanical advantage. 
Mechanical Advantage. Mechanical advantage is a term applied to the 

act of making work easier. For example, a crowbar provides an advantage 
in removing a nail from a piece of wood. A lever is helpful in budging a 

heavy object. A pulley is of advantage in raising or pulling a heavy object. 
Mechanical advantage is the ratio of the weight of the object moved to the 

force required to move it. 
Lever. A lever is a long object which is useful in moving a desired piece. 

An example is shown in Fig. 3. The point at which the lever pivots is 
called the fulcrum. In practice the fulcrum may be located anywhere along 

the length of the lever arm. 
In Fig. 3A the fulcrum is located at the center. If we assume that the 

lever is free to move, then a force exerted on the left-hand end in a down-
ward direction will result in the right-hand end moving in an upward direc-
tion. If the fulcrum is in the exact center, the distance that the two ends 
move will be the same. If a 50-pound weight is placed on the right extremity 
and this end is resting on the ground, a force of over 50 pounds would be 
required at the other end to make the lever arm move. 

Suppose the fulcrum is moved a little further toward the right-hand 

edge, as in Fig. 3B. The distance on the left-hand side of the fulcrum is 
now larger than that on the right-hand side. As a result, the left-hand edge 
must now move a further distance to obtain the same movement of the 
right-hand side as was obtained in the previous example. Experience has 
shown that if the lever has any appreciable weight, the left-hand side will 
swing down. This is due to the fact that the weight on the left side is 

greater than that on the right. Extending this same principle, if a 50-pound 
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weight were now placed on the right-hand side, it would take less effort 
on the left-hand end to move it. 

The amount of effort needed to move one end of a lever is called the 
moment. To figure the value of the moment, just multiply the force in 
pounds by the distance in feet from the fulcrum to the point at which 
the force is exerted. 
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Fig. 3. A lever is one of the simplest of mechanical actions 

If the levers shown in the previous figure are to remain at equilibrium 
(or stand still), the moments must be equal. Thus, in the first example 

the force on the left-hand side times the distance from it to the center 
must equal the weight on the right-hand side times the distance from it 
to the center. Since the fulcrum in Fig. 3A is at the middle, the force must 
equal the weight. 

Suppose that in Fig. 3B the distance on the left of the fulcrum is 
3 feet and the distance on the right of the fulcrum is 1 foot. If the 

weight on the right-hand end is 150 pounds, the moment is 150 x 1. 
The force required on the left end to obtain equilibrium would then be 
50 pounds since 50 x 3 = 150 x 1. 

The mechanical advantage of the lever is the weight divided by the 
force. In the first example, then, the mechanical advantage is 50 50, or 1. 

In the second example, the mechanical advantage is 150 ± 50 = 3. The 

mechanical advantage may also be described by the distance which the 
force moves divided by the distance which the weight moves. 

In similar fashion, the fulcrum can be located at the end, as shown 
in Fig. 3C. The same formulas for moment and mechanical advantage 
apply. The only difference is that now both the force and the weight move 

in the same direction. To clarify this, consider a problem where the dis-

tance from the fulcrum to the weight is 1 foot. If the weight is 150 pounds, 
its moment is 150 X 1 = 150. The moment for the force end must also 
be 150. For force x 3 to equal 150, the force must be 50 pounds. 

Use of Lever. The lever arm is used frequently in record changers. One 
use is to lift the pickup arm during the changing cycle. Figure 4 shows the 

manner in which it is done. The record arm is pivoted near the left end 
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and this point is considered the fulcrum. A rod extends up through the 
base of the record changer a short distance from the pivot or fulcrum. A 

small upward movement of this rod results in a rather large movement of 
the arm at the end in which the pickup is located. This, then, is a use of 

the lever with the fulcrum at the end. 

FORCE 

Fig. 4. Example of use of a lever with the fulcrum near the end. A relatively small movement of 

the lift rod will cause considerable movement at the right end where the pickup cartridge and 

needle ore located 

A use of the lever with the fulcrum at the center is shown in Fig. 5. In 
this instance the lever or rocker arm, as it is called, is not a straight piece 
but is bent. In order that the record may fall to the turntable during the 

changing cycle, it is desirable to have the upper right-hand end of the 
lever move a short distance to the left. Thus it pushes the record off the 
shelf of the spindle. This movement is accomplished by exerting a down-
ward force at the left-hand end of the rocker arm, which causes the lever 

to rotate slightly counterclockwise about the fulcrum. 
Link. A link is used to connect two lever arms and thus join or transmit 

their motion. Suppose that two lever arms on opposite sides of a record 
changer are to have identical actions. For this, two levers of equal length, 

with identical fulcrums, can be joined by a link, as shown in Fig. 6. If 
the lower end of lever arm A is moved to the right, the upper end will move 
to the left. Since the upper end is joined to the link and the link in turn 
joined to lever arm B, the link and the upper portion of lever arm B will 

also move to the left. The bottom of lever arm B will then move to the 
right in exactly the same manner as did the corresponding portion of lever 

arm A. Thus, the link has transmitted energy from A to B. 
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The link may be used with many other types of mechanical motion. It 

is useful in a two- or three-shelf changer. In these changers the records are 
supported by shelves on the tops of either two or three posts. In order that 
the record may drop, the shelves are rotated so they slide out from under 
the record. The motions of the shelves are tied together by means of one 
or more links as shown in Fig. 7. 
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Fig. 5. Example of use of a lever with the fulcrum in 

the middle The downward force on the left end of 

the rocker arm (lever) causes the assembly to rotate 

slightly counterclockwise around the fulcrum. This is 

used for record dropping 
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Fig. 6. Use of a link to connect 

two levers. Movement of the bot-

tom of lever A to the right causes 

the top to move to the left. This 

pulls the link and the top of 

lever B to the left, and the bot-

tom of lever B moves to the right 

Wheel and Axle. When a wheel and axle are rigidly fastened together, 
one rotates when the other rotates. This is another basic mechanical mo-
tion. Thus, a downward force F applied to the left-hand edge of the wheel 
in Fig. 8A will cause an upward pull on the right-hand side of the axle. 

If the distance through which the wheel moves is quite short, the wheel 
and axle combination can be compared to a lever. Their mutual center is 

the fulcrum. In Fig. 8B a lever has been superimposed on the wheel and 
axle to better show the comparison between them. The portion of the lever 

to the left of the fulcrum is equivalent to the radius R of the wheel, while 

the portion to the right of the fulcrum is equivalent to the radius r of the 
axle. 

The lever arm is normally moved through only a limited distance, whereas 
the wheel and axle can be continuously rotated. For this reason the wheel 
and axle can be used in many places where it is not possible to use the 
lever. 

Wheel and axle action as shown results in a change in direction. By ap-
plying the weight to the left-hand side of the axle, the directions of the 



Fig. 7. Bottom view of a three-shelf changer showing use of the link. The drive link imparts the 

cam force to two gear segments. A selector link joins the third gear segment 

CENTER OF WHEEL 
CENTER OF AXLE 
FULCRUM 

WHEEL 

(A) WHEEL AND AXLE (B) COMPARISON WITH LEVER 

Fig. B. The wheel and axle combination has the fulcrum at their mutual centers. It can be com-

pared to the lever but has the advantage of complete rotation 

29 



MOT/ON', .....-

30 Repairing Record Changers 

force and the weight will be the same. The mechanical advantage of the 
system is once again determined by the distances from the force and 
weight to the fulcrum. 

In many applications it is not necessary to have a complete wheel as-
sembly because the movement is limited. For this reason, in order to save 
material and weight, only a portion of the assembly is used. This may be 
viewed in Fig. 9A. In Fig. 9B the wheel has gear teeth to assure a better 
grip with its mate. The principles apply equally well to both the wheel 
and the gear. 
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(A) CRANK (B) SEGMENT 

Fig. 9. Examples of the wheel and axle where only a portion of the wheel is required. Principle 

applies equally to a wheel with either friction contact or gear teeth 

Where the portion of the wheel is very small, the combination is fre-

quently termed a crank or crankshaft. Where the portion used is larger 
in size, it is often termed a segment. 

The most common use of segments in record changers is in the mecha-

nism which drops the records in a two-shelf or a three-shelf changer. One 
example was shown in Fig. 7 where a link and a segment of a wheel and 

axle are combined to actuate the record-dropping posts. 

Gear. A gear assembly consists of two or more circular toothed wheels 
which mesh with each other. This is shown in Fig. 10. When gear 1 
revolves in a clockwise direction, it makes gear 2 revolve in a counterclock-
wise direction. The teeth assure that there will be no slipping between 
the two. This is desired where the load on the gears is relatively large. 

It is essential that the gear teeth be designed to fit together smoothly 
so as to avoid strain and chatter. 

If the tooth of one gear does not fit between the teeth of the other 
properly, play will exist; this means that if one gear is held firmly, the 
other can be moved back and forth a small amount. This play or movement 
is termed backlash. 
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Frequently an assembly is made without the use of teeth. This might 
perhaps be termed a wheel assembly, but it is the same basic principle 
as the gear. In order to assure that no slipping occurs, this wheel assembly 
usually includes at least one rubber wheel so as to provide good friction. 
Rubber-wheel assemblies have the advantage of providing quiet movement 

since they do not transmit sounds as readily as the metal gears. For this 
reason most record changers have an idler wheel with a rubber tire. 

In Fig. 10A two gears are shown, the larger of radius R and the smaller of 
radius r. When the larger wheel revolves through one complete revolution, 
the smaller wheel will rotate considerably more than one revolution. This 

(8) ENLARGEMENT OF 
GEAR MESH 

Fig. 10. When gear 1 moves clockwise, gear 2 will move counterclockwise. A perfect mesh be-

tween the teeth is required to prevent play called backlash 

gives a mechanical advantage, just as with the wheel and axle. The speed 
of one wheel multiplied by its radius is equal to the speed of the other 
multiplied by its radius. If the larger wheel has twice the radius of the 

smaller wheel, one ievolution of the large wheel will cause the small wheel 
to make two revolutions. Expressed another way, if the larger wheel has 
twice as many teeth as the small wheel, one revolution of the large wheel 

will cause the small wheel to make two revolutions. The gear or wheel 
which causes the rotation ( or applies the force) is called the drive gear 

or drive wheel. The unit which receives the force is the driven element. 
Idler Gears or Wheels. Any number of gears or wheels can be assembled 

to work together. Figure 11 shows an assembly of three wheels. If the drive 

wheel turns in a clockwise direction, the middle wheel will turn counter-
clockwise. This in turn will cause the third wheel to move in a clockwise 
direction. Since the wheel which performs the final movement is called 

the driven wheel or element, the middle wheel which is used to transmit 
the movement is termed the idler wheel. 
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Fig. 11. An assembly of three wheels. The speed relations are the same as though the idler 

wheel were not present, but both the drive wheel and driven wheel rotate in the same direction 

here, if the drive wheel and the driven wheel are identical, they both 

rotate an equal number of times. The idler wheel merely acts like a belt 
between them. Idler wheels are widely used in rim-drive record changers, 

such as shown in Fig. 12. 
The most common use of the gear in record changers is in the cycling 

or record-changing mechanism. The cycling cam generally has an outer 

toothed surface which meshes with teeth of a gear on the hub or shaft of 

the turntable. 

IDLER WHEEL TURNTABLE 

MOTOR 
MOTOR 
SHAFT 

Fig. 12. The use of a wheel assembly in a record changer. The motor shaft drives the idler 

wheel, which in turn rotates the turntable. (General Industries photo) 

Belt Drive. A belt or pulley drive consists of two wheels separated by a 

distance but connected by an endless belt which loops around them. This 
is shown in Fig. 13A. The principle is very similar to that of the gear or 
wheel assemblies. However, where the gear and wheel assemblies cause 
a change in direction of rotation, the belt drive results in both wheels turn-

ing in the same direction. 
In most cases, the belt drive consists of two rubber wheels looped by a 

rubber belt resembling a rubber band. The rubber belt is made slightly 
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smaller than the required size, and the stretch assures a good friction fit 
between the belt and the wheels. 

In some cases the same technique is used with an endless chain or spring 
linking two gears. This is called a chain drive. The mechanical advantage 
and speed relationships for the belt and chain drives are identical to those 
for the gear and wheel assemblies. The uses for the belt and chain drive are 
much the same as those for the gear and wheel assemblies. Use of a belt or 
chain is convenient in some instances to provide linkage between the wheels 
or gears where they are relatively widely separated. Figure 13B shows a belt-
drive arrangement for propelling the turntable. 

DRIVE WHEEL 

MOTOR SHAFT 

BELT 

SMALL /OLER 

LARGE IDLER 

TURNTABLE 

(B) USE IN ROTATING TURNTABLE 

Fig. 13. Use of belt drive to rotate a turntable. The motor shaft ads as an axle fastened to a 

drive wheel, which in turn is connected to a small idler wheel by a belt. The small idler rotates 

the large idler which in turn rotates the turntable 

Cam. A cam is defined as a rotating piece ( as on a wheel) that is used 
for imparting a desired peculiar movement to a roller moving against its 
edge or to a pin free to move in a groove on its face. This movement may 
be more or less helter-skelter in several directions. 
As an illustration of a peculiar movement desired in a record changer, 

consider the lateral ( horizontal) motion of the pickup arm. It is desired 
that the pickup arm stay in a fixed lateral position while it lifts from the 
record, so its needle won't scratch across the record grooves. Once the 
pickup arm is free of the record, it must move laterally from the center of 
the record outward beyond the edge so that it is free of the dropping rec-
ord. This arm must then move back just inside the edge of the record 
and remain motionless laterally there while it is lowered onto the playing 
surface. Motions such as this are produced by a cam. 
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Figure 14 illustrates a cam which is used in a record changer. The cam 
here serves to raise and lower the pickup arm. In Fig. 14A the pickup arm 
is floating free on the record because the lift rod is in the valley of the 
cam. As the cam rotates, it causes the lift rod to raise. The upper end of 
the lift rod is located to the left of the fulcrum. The pickup arm is then 
forced up and off the record as in Fig. 14B. 

PICKUP ARM 

RECORD 

PICKUP ARM LIFT ROO 

CYCLING CAM 

PICKUP A RM 

SP/ROL E 

(A) PICKUP ARM IN NORMAL PLAYING POSITION 

PICKUP ARM LIFT ROO 

CYCLING CAM  

(IEI) PICKUP ARM RAISED DURING THE CHANGING CYCLE. 
AS CAM RAISES LIFT ROD 

Fig. 14. Use of a cam to raise and lower the pickup arm 

If the rod were riding in the irregular groove of a cam like that shown 
in Fig. 15, the arm would also swing in and out at the right times to permit 

dropping the next record. Such actions will be discussed in more detail as 
the complete operations are described in other portions of the book. 

Clutch. A clutch is a coupling for connecting two working parts, permit-

ting them to be engaged or disengaged. In a record changer the only sig-
nificant motion occurring while a record is playing is rotation of the turn-

table. The other important actions take place during the change cycle. 
When the record has finished playing, the turntable keeps on rotating and 
sets into motion various gears, levers, cams and other mechanical assem-
blies that serve to drop and play the next record. When the pickup arm 
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is properly located on the next record, the motion of the changing mecha-

nism must cease. Here then is a requirement for a clutch: to engage and 
disengage certain working parts. 

Fig. 15. The grooves of the cam provide the source of lateral motion for the pickup arm, and 

the beveled ridge imparts the vertical motion 

In an automobile and other high-speed machines, a clutch might take 

quite a complicated form. In a record changer the relative speeds of the 
pertinent parts is not very great, and the clutch need not be so complicated. 

Fig. 16. A simple clutch arrangement between two gears. When the clutch pawl is up, as shown, 

it will be struck by one of the lugs on the small gear wheel. This causes the large gear to move 

sufficiently so that the gear teeth will engage 

In Fig. 16 sections of two gears are illustrated. If it is desired that these 
gears be alternately engaged or disengaged, the arrangement may be as 

shown. A section of the larger gear is cut out so that the small gear may 
rotate independently. Under these circumstances the two gears are dis-
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engaged. Now if the large gear were moved slightly clockwise, the two 
gears would engage and the small drive gear would cause the other to 
rotate. 

It will be noted that the small drive gear has two lugs which protrude at 
a level below the gear teeth. The large gear contains a clutch pawl also 
located below the level of the gear teeth. When the two gears are dis-
engaged, this clutch pawl is pulled back toward the center of the large 
gear. If the clutch pawl is now pushed outward toward the small gear, one 
of the lugs on the small gear will strike it as the small gear rotates. This 
will impart a push to the large gear, allowing the teeth of the two gears to 
join and thus engage. When the large gear has gone through one complete 
revolution, the mutilated section will again appear in the position shown. 
If the clutch pawl has been drawn back toward the center and if the large 
gear has very little inertia so that its weight does not continue its rotation, 
the two gears will again be disengaged. 

PICKUP ARM LEVER TRIP LEVER 

SPRING 

TEErri 

PICKUP ARM LEVER 

(B) PAWL HAS MOVED UP LEVER 

PAWL 

Fig. 17. A ratchet combination consisting of a notched bar and a pawl working together to pro-

vide a trip mechanism 

Ratchet. A ratchet consists of a notched bar with which a pawl works 
to prevent reversal of motion. In some cases the notched bar is actually 
made in the shape of a wheel. The purpose of such an arrangement is to 
allow motion to take place in one direction and prevent it from occurring 
in the opposite direction. 
A ratchet combination used in one record changer is shown in Fig. 17. 

In Fig. 17A the combination is shown with the pawl engaging the pickup-
arm lever teeth at the end. As the pickup-arm lever moves clockwise, ad-
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ditional teeth will move past the edge of the pawl. The pawl will engage 
each succeeding tooth, acting to prevent the pickup-arm lever from mov-

ing back to its original position. After a substantial motion of the lever 

has occurred, the relative position of the pawl and the pickup-arm lever 
is as shown in Fig. 17B. This illustration is taken from the actual opera-

tion of one type of trip mechanism used in record changers to start the 
record-changing cycle. The pickup-arm lever is connected to the pickup 

arm and the trip lever to the clutch. At the start of the record the relative 
positions are as in Fig. 17A. As the record plays, the pickup arm moves 
clockwise. The pickup-arm lever follows, assuming the position shown in 

Fig. 17B. When the needle is in the finishing groove, it first moves in 

toward the center of the record ( clockwise) and then out again ( counter-
clockwise). Since the pickup-arm lever follows this motion, it changes 
direction and moves counterclockwise also. The pawl engages a tooth and 
the trip lever is forced upward. This causes the clutch pawl to engage a 
lug, starting the change cycle. 

PAWL 

OR/VE GEAR 

CYCLING CAM 

PA WL 
ENGAGED 

(A) BOTTOM OF DRIVE GEAR (B) PAWL DISENGAGED (C) PAWL ENGAGED 

Fig. 18. Use of a ratchet combination to rotate the cam of a record changer. Note that the 

notches are cut into the flat side of the drive gear 

Figure 18 illustrates another arrangement of a ratchet. Here the ratchet 

notches are not along the edge but are cut into the flat surface of a drive 
gear. The pawl in this instance is attached to the cycling cam in such a 
fashion that when the drive gear rotates in the desired direction, the pawl 

engages it, causing the cam to coincide with its rotation. This then is 
another illustration of the use of a ratchet. Its purpose in a record changer 
will be taken up later. 

Friction. Friction is the resistance to relative motion between two bodies 

in contact. In some cases it is desirable to keep friction at a minimum. A 

wheel rotating on an axle may be an example of this. In other cases, such 

as when stopping an automobile on slippery pavement, it is desirable to 
obtain as much friction as is possible. 

With such large use of moving parts, friction must usually be kept at a 
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minimum in a record changer. This fact will be assumed in most instances 
and no particular mention will be made of it. There are cases, however, 
where high friction is taken advantage of in the operation of a record 

changer. 
In general, direct metal-to-metal contact without oil or grease results 

in relatively high friction. If the friction is desired, these surfaces may be 
left relatively rough to take advantage of this fact. If friction is not de-

sired, the surfaces are made smooth and lubricated. 

MOVABLE sroP MOVABLE STOP 

LEVER 

RETRACTED FIXED srop 

WEIGHT 

(B) GRAVITY CAUSES LEVER TO MOVE 

Fig. 19. Use of gravity to obtain action. When the movable stop is retracted, the weight of the 

lever causes it to rotate until it strikes the fixed stop 

Gravity. The effect of gravity is well known. Its action is utilized in a 
record changer to change the position of a particular part. The center of 
gravity of a piece is the point at which the weight of the piece seems to 
be concentrated. If the piece is pivoted at a distance from the center of 
gravity, it serves as a lever, with the pivot acting as the fulcrum and the 
weight acting at the center of gravity as force. If in Fig. 19 a piece is so 
used, it will remain in the position shown as long as it is held by the stop 
at the top. When the stop is removed, the force of gravity will cause the 
piece to swing about its fulcrum until it rests on the other stop. Actions 

similar to this are used frequently in a record changer. 

(A) SPRING NORMAL (B) SPRING STRETCHED 

SPRING PUSH 

(C) SPRING COMPRESSED 

Fig. 20. A spring will try to return to its normal shape, thus exerting a push or a pull if stretched 

or compressed 

Spring. A spring is a coil of wire that tends to oppose any change in 
its shape. Thus when stretched, it will exert a tendency to compress. If 
compressed, it will exert a force tending to expand. Figure 20A shows a 
spring in its ordinary form. If the bottom of the lever is moved to the right, 
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the spring will pull against it, trying to return it to its original position as in 
Fig. 20B. On the other hand, if the lever is moved to the left as in Fig. 

20C, the spring will tend to push the lever back to the original position. 
The force exerted by a spring depends upon the wire size and character-

istics, tightness of the coil, and other design factors. The spring is gen-
erally used to return a part to its original position after it has been moved 

through some action. In order to do this, it is often necessary to maintain 
a constant pull or push on the part, using a stop of some sort to hold it in 
its at-rest position. Figure 21 illustrates the use of a spring to hold the idler 

wheel of a motor-drive mechanism in contact with the turntable. 

Fig. 21. Spring tension holds the idler wheel against the turntable. In this use the spring is 

always stretched a constant amount. (General Industries photo) 

Screw and Worm. Another basic mechanical action is the screw. A screw 
is a device which has a thread or groove cut in a spiral fashion along its 

length. If the screw is inserted in a fixed piece and rotated, it will move in 
the direction of its axis. 
Now, if instead of a surrounding matching part a gear is used whose 

teeth fit the thread, then we have a worm-gear combination. The screw 
portion is called the worm, and the matching part is called the worm wheel. 
Figure 22A shows a worm gear. As the shaft rotates as indicated, it will tend 
to advance upward. Since the shaft cannot move upward, the relative mo-
tion of the worm is upward. This causes the worm wheel to rotate about 
its axle as indicated. As will be noted, this arrangement changes rotation 
about one axis to rotation about another axis 90 degrees removed. 

Inclined Plane. Another basic mechanical action is the inclined plane. 
If a heavy object is to be lifted from one level to another, it is often ad-
vantageous to slide it up an incline as in Fig. 22B. If a force is applied in 
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a horizontal manner as shown, the object will be moved both horizontally 
and vertically on the inclined plane. Thus, a portion of the applied energy 
or force is changed from a horizontal direction to a vertical direction. 
The amount of force whose direction is changed depends upon the 

angle that the incline makes with the horizontal plane. If the angle is 

increased, the vertical motion is increased and the horizontal motion is de-
creased. However, more force is now required primarily because the fric-

tion is increased by the tendency of the object to dig into the plane. 
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Fig. 22. A worm gear, an inclined plane, and a wedge utilize force applied in one direction 

to cause motion perpendicular to it 

The wedge follows a similar principle, but here the inclined plane is 

moved while the object is fixed in a lateral sense. This is shown in Fig. 
22C. The use of the cam to operate the pickup-arm lift rod is an applica-

tion of the wedge and inclined plane to the record changer. Generally, the 
principle is not of major importance but deserves consideration where 
jamming or certain other record-changer troubles occur. 

QUESTIONS 

1. How is the turntable rotated? 
2. Describe the normal changing cycle. 
3. What is a lever and how is it used? 
4. How does a wheel and axle compare to a lever? 
5. What are the similarities between a gear and a wheel? 
6. For what purpose is a cam used in a record changer? 
7. Why is a clutch necessary in a record changer? 
8. What is the name of a mechanism one that permits motion in direction 

and prevents it in the opposite direction? 
9. Is friction ever desired in a changer? 

10. How can gravity be used to advantage? 
11. What is the common use of a spring? 
12. What is the difference between a wedge and an inclined plane? 
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Service-bench Setup 

Need for Service Bench. Record-changer repairing is an important and 
exacting job which can easily be done by approaching it in the proper 
manner. It is necessary to have the right equipment and bench in order to 

speed up and facilitate the handling of changers. 
The ideal situation would be to have a separate bench and the necessary 

equipment which would be used only in the repair of record players or 
changers. This is not always possible, and space for this work must then 

be provided on the same bench used for repairing radios. 
When constructing a workbench where everything must be combined 

in one unit, provisions should be made so that a record changer can be 
set up and operated while you are busy on other repair work. There are 
many times when changers may be on test and do not have to be watched 
closely while they are operating. If the changer is attached to an ampli-
fier, your ears can tell whether or not the trouble has been corrected. 
Workbench. Where it is possible to have a separate bench for record-

changer work, the design in Fig. 1 can be used as a guide. The working 

surface of the bench should be approximately 4 feet wide and about 21A 
feet deep. This will give enough room on which to place the changer, a 
manual or service notes, and tools with which to work. There is also enough 
room for the radio chassis and speaker with which the changer works, 

should it be desired to check over-all performance after repairs have been 
made. 
A good surface for the top of the bench is 1/8 inch pressed wood, com-

monly known by the trade name Tempered Masonite. The surface is ex-
tremely hard, smooth, oil- and grease-resistant, easy to clean, and rugged. 

The bench should be high enough so you do not have to stoop or bend 
41 
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while standing up to work. It is always possiblè to purchase a stool of the 
proper height for comfortable sitting at the bench. 

At the front of the bench are a-c power outlets and a drawer which can 
be used for tools. Outlets may also be installed at the base of the rear panel. 
On the side of the bench are hooks over which can be hung clip leads, 

shielded leads, and power cords. The rear panel of the bench contains 
drawers in which can be placed various fittings, crystals, drive tires, or 
parts of any nature that are used in this particular work. Above the work-
ing area is a shelf for books, manuals, service notes, and test records. 

CHANGER SUPPORT CHAINS 

SERVICE 
INFORMATION 

ELECTRIAL 
OUTLET  

Fig. 1. A bench for repair of record changers 
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Changer Mount. Directly over the work surface of the bench are four 

chains, suspended from the ceiling. Three are of equal length, and the 
fourth ( one of the rear chains) is about 5 inches shorter. Attached to the 
short chain is a 4-inch coil spring slightly heavier than a screen-door spring. 

Each chain should be capable of supporting at least 20 pounds. On the 
ends of each chain and spring are hooks for supporting the changer. These 

hooks are placed underneath the turned-over edge of the changer mount-
ing or base plate. The spring provides automatic equalizing of chain lengths 
so the changer cannot rock on the hooks or slip off. 
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The chains should be cut so their lower ends are at eye level. Then the 
mechanism underneath the base can be readily seen and its operation ob-
served while standing at the bench, without stooping. 

For a more elaborate installation, the chains can be attached to cross 
arms which are mounted so they can be raised or lowered with a rope and 
pulley, as shown in Fig. I. This method of support also allows the changer 
to be easily moved or its position etered without much effort. It will pre-
vent many aching necks and backs. 

Fig. 3. A commercial bench-type record-changer rack 

An amplifier and speaker are mounted on the bench for check purposes 
when the amplifier and speaker have not been brought into the shop. These 
bench units are also needed for the substitution method of isolating audio 
trouble. The amplifier is simple; Fig. 2 shows a typical circuit. A three-tube 
amplifier of this type may be purchased from most radio jobbers or whole-
sale mail-order houses. 

Bench-type Racks. There are on the market racks and supports which 
arc capable of holding a changer on the surface of the bench. Figure 3 shows 
such a holder. This type of mounting is more cumbersome, and is some-
what difficult to work around while making adjustments on the changers. 
It also takes some of the valuable working area away from the top of the 
bench. 

If it is impractical to have a separate changer bench, as many of these 
features as possible should be incorporated on the radio-repair bench. 
There should be a place for everything, and everything should be kept in 
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its place. There is nothing so discouraging as a littered bench. Better work 

can be done in a neat, clean atmosphere. Also, a clean, orderly bench gives 
a much better impression when a customer enters your shop. 

Lighting. Good lighting can be obtained with two lamps, mounted on 

either side of the top of the rear panel of the bench. The flexible gooseneck 

fixture and the arm and ball-joint type of fixture are recommended. In each 
lamp a 100-watt bulb should be used. Lamps of this type allow the light to 

be directed where needed, and this is one of the essentials in doing good 
work. Poor light can cause eye strain which in turn creates loss of interest 
in the work. 

Connecting Cables and Leads. Many types of connectors have been used 
in the line running from the record-changer motor to the source of a-c 
power. It is best to make up a number of power cords, each with a different 

fitting or connector. This saves time, eliminates the possibility of sloppy 
connections, and minimizes blowing of fuses. Each cord should be about 
5 feet long so that there is ample length with which to work. Line cords 
can be bought with the plug for a regular power outlet already attached, 
but this may not stand up for long unless it is of industrial quality. It is 

best to attach your own screw-type plugs to high-quality line cord so that 
you can always rely on having a good source of a-c power. 

Pickup Connecting Cable. Very often, upon completion of all adjust-

ments and work on the changer mechanism, it will be desirable to check 
the pickup cartridge. Various manufacturers have used different methods 
of connecting the cartridge lead to the amplifier chassis. Some of these 
cables terminate in pin jacks, while others terminate in plugs. 

Since your test amplifier will have the type of input jack most generally 
used for phonograph work, adapter cables or adapter connectors will be re-
quired. One end of each must have the same type of plug on it, as shown 

in Fig. 4A. The other end should have jacks to match the various plugs 
used on changers. One or more of the cables should have on its other end 
a pair of phone-tip jacks and banana jacks. Combination phone-tip and 
banana jacks are available. Another cable should have on its end a female 

microphone jack. Another should be equipped with small alligator clips. 
If the shop amplifier uses another type of jack, make up an adapter for 

it by wiring together an RCA pin jack and a plug that fits the amplifier. 

Ready-built adapters of the type shown in Fig. 4B are available from 
radio jobbers. These come in various combinations. 

There is a possibility also that a three- or four-prong plug may be en-

countered. In this case, the cable with the alligator clips can be used for 
connecting the pickup cable to the amplifier. 
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Since phono pickup cable is normally shielded, always use the center 
conductor of a test cable as the signal conductor. This practice will avoid 
many pitfalls in repair work. 

Alligator-clip Leads. Make up several pairs of test leads by soldering 
small alligator clips to the ends of various lengths of flexible rubber-covered, 
stranded wire such as is used for test instrument leads. Good lengths are 
6, 18, and 30 inches. I lave equal numbers of red and black leads. The black 
lead is generally used for ground connections or for shielded leads. The 
red lead is used for connecting the inner or signal-carrying conductors 
of shielded cable. 
These leads are useful in connecting together two units which may at 

the time of testing be separated from each other. Another use is for ground-
ing the changer chassis to the radio chassis; with some changers a loud 
interfering hum is obtained if this is not done. 
Where it is suspected that there may be an open in a cable, an alligator-

clip lead can be clipped to the plug pins at each end of the suspected lead 
while the equipment is under test, to check whether or not the lead is 
open. 

Tools. An important part in doing any job right is to have the proper 
tools. Many jobs have been butchered because an attempt has been made 
to repair or adjust them with improper tools. The tools required for changer 

work will now be described. If you are now doing service work, you will 
have most of these tools. 

Screwdrivers. Since most record-changer repairs are made simply by 
turning a screw, you will need a good assortment of screwdrivers. The 

smallest should be about 2 inches long with a % 6-inch blade, used for 

removing the cartridge mounting screws and needle set screws in pickups. 
The heaviest can be 12 inches long with a %-inch blade, used for remov-
ing large mounting screws. For Phillips-type screws the two smaller sizes 

of screwdrivers, No. 1 and 2, will usually suffice. 
Wrenches. Here the first requirement is a regular set of hollow-shaft 

spin-type socket wrenches which are designed for radio service work, rang-
ing from 1/8 or Mc inch to 1/2 inch ill size. These wrenches are handy for 
use on nuts in hard-to-get-at places and are easier to use than pliers. 
The set of open-end wrenches shown in Fig. 5A can be used in many 

places where it is impossible to use a socket wrench. The sizes range from 
about 7/32 to 1/. inch. These wrenches can be obtained from automotive 
supply houses or hardware stores, where they are usually called ignition 
wrenches or combination box and open-end wrenches. 
When using a wrench, it is important to use the proper size. Also, it is 
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Fig. 4. Adapter cables or connectors to connect the pickup lead to the test amplifier. Cable 

connectors are, top to bottom, pin jacks, banana jack, microphone connector, and alligator clips 

each connected to a phono plug 
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best to pull on the wrench rather than push. If the wrench slips when 
pushing, damaged knuckles are likely. 

Set-screw Wrenches. Collars or couplings are often fastened to shafts of 

changers with set screws of the Allen type. There is no way to turn these 
set screws except with the proper size of hexagonal wrench. 
When a set screw has a hole which looks somewhat like a four-leaf clover, 

a Bristol wrench should be used. Kits of these wrenches, in sizes ranging 
from VI inch down, as required for service work, can be purchased from 
parts jobbers. Examples of these wrenches are also shown in Fig. 5. 

PROPER FIT POOR FIT 

(A) IGNITION WRENCHES 

(En ALLEN- HEAD WRENCH (C) BRISTOL-HEAD WRENCH 

Fig. 5. Wrenches suitable for record-changer repairing 

Long-nose Pliers. The two sizes of long-nose pliers recommended are 
the 4- and 6-inch lengths. These are needed for removing or replacing the 

small coil springs, C washers, cotter pins and other small parts used in 
various places on record changers. It is not necessary that these pliers have 

cutting edges. 

Duck-bill Pliers. This type of pliers is unusual in that the jaws are short 
and the handles rather long. The gripping surfaces of the jaws are flat, 
smooth, and wide. Duck-bill pliers are exceptionally useful for straightening 

levers of light-weight stock which have been bent. Their smooth jaws leave 
no marks or roughness on the suifaces. 

Slip- joint or Combination Pliers. These ordinary pliers should be avail-

able because they are occasionally needed. Use them with caution, how-
ever, because they can slip and do quite a bit of damage. They usually 
leave burrs, scratches, or marks on metal parts, nuts, or screws used in 
changers. 
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Diagonal Pliers. The diagonal cutting pliers are useful in cutting such 
things as leads and cotter pins. Because of the diagonal edge, they are 
also useful in removing or spreading cotter pins. 

Use of Pliers. Pliers should never be used to loosen or tighten nuts while 

doing changer work. It is difficult to feel when a nut has been tightened to 
the proper degree when using pliers. Because of this the nut may not be 
tightened enough, or too much pressure may be applied and the threads 
stripped. If the pliers slip off the nut, it is possible to ruin an adjacent part 
or knock it out of adjustment. Wrenches should always be used to tighten 

or remove nuts. 

(A) PEENING A PIN 

USE OR/FT P/N 

PUNCH FIRST Il PUNCH 

P/N 

(B) USE OF PUNCHES TO REMOVE A PIN 

Fig. 6. Use of a ball-peen hammer and punches to fix or remove a pin 

Ball-peen Hammer. A hammer is an essential tool for working on rec-

ord changers. The ordinary carpenter's hammer, with a large head on one 
end and claws on the other, is too heavy and too clumsy for the purpose, 

and a tack hammer is too light. The tool needed should be of a medium 
light weight. The ball-peen hammer of Fig. 6A, having about 1/2- to 
3/4-pound head, fits the requirement very well. It can be obtained in most 
hardware stores. 

Frequently, pulleys or gears are locked to a shaft by a method using a 
tapered pin as the locking device. This means that a hole on the shaft is 
lined up with holes in the gear or pulley through which a tapered pin is 

driven. The flat head of the hammer is used to drive a punch for knocking 
out these pins. 
On some changers, shafts or mounting studs are sometimes riveted into 

the mounting base or into some part of the underneath structure. When 
installing one of these studs, it is gently tapped into its hole with the flat 

head of the hammer. The end protruding from the other side of the base 
plate is then peened to lock the stud in place. This is accomplished by 
resting the other end of the stud on a solid object such as a bench vise and 
using the round head of the hammer to peen or spread out the protruding 
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metal. Use sharp blows near the edge of the protruding piece of metal. 

Drift Punches. To remove a tapered pin, it is necessary to use a drift 
punch or starting punch, as illustrated in Fig. 6B. The small end of the 
drift punch is rested upon the small end of the pin. The punch is then 
tapped with the flat head of the ball-peen hammer until the pin is loosened. 
A pin punch can then be used to drive the pin all the way out of the 

hole. The pin punch has a straight shank that allows it to pass through 
the hole. 

When installing a pin, a drift punch may be used for setting it. 
Studs and rivets can also be removed by using drift and pin punches pro-

viding the peened end is first filed off or otherwise removed. Punches with 

1/4 - and %2-inch tips are suggested. These are readily obtainable at a 
hardware store. 

Files. Since metal is frequently encountered in repairing record changers, 
the file becomes a useful tool. Jamming, a frequent trouble in record-
changer work, is usually caused by or results in burrs on the metallic pieces. 
These must be removed and made smooth. 
A single-cut file has a single row of parallel teeth set at an angle across 

the face of the file. A double-cut file has another row of parallel teeth 
which cross the first, giving a crisscross appearance. This results in a lot 
of small diamond-shaped teeth slanting toward the tip of the file. Files 
are further classified according to coarseness. The common classes in order 
of smoothness are coarse, bastard, second-cut, and smooth. Since very 
smooth surfaces are frequently desired and since some rough work will at 

times be necessary, both bastard and smooth files are required. The shapes 
and sizes recommended for work on changers are as follows: 6- and 8-inch 
flat, 6-inch half round, 4- and 8-inch round, a 4-inch extra-slim triangular, 
and a 6-inch triangular. 

The teeth of a file are made to cut only when the file is pushed forward. 
Holding the file against the work on the backstroke tends to dull the teeth. 
Wherever possible, the work should be held in a vise when filing. Only 
sufficient pressure should be used to effect a cut. Overpressure is just as bad 
as underpressure. 

File teeth should be kept clean. This may be accomplished to a degree 
by occasionally bumping the tip of the file on the bench to jar the filings 

loose. Where clogging exists, a file card should be used to clean the file. 
This is a form of stiff wire brush, obtainable in hardware stores. A file 
loaded with chips is likely to roughen a surface which is being filed smooth; 
hence a clean file is essential. 
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Soldering Gun. The soldering gun made by the Weller Mfg. Co. or a 

similar type will be quite satisfactory for all soldering work on changers. 
These guns are fast-heating and easier to use than soldering irons. 

Vise. In doing radio or changer repair work, a small vise is a necessity. 
The jaws should have an opening of about 2% inches. If the jaws have 
rough edges, it will be necessary to use copper jaw covers to avoid scratch-
ing finished material when held. Any good hardware store can supply this 
item. 

Lubricants. Grease and oil are used for lubricating record changers. Both 
must be of very high quality. One good grease having the trade name 
Lubriplate is sold in toothpaste-type tubes. STA-PUT is another lubri-
cant of the same type. These greases are cream-colored in appearance, light 

in weight, and have excellent lubricating qualities. Most radio-parts job-
bers have these or a similar product available. 

Oil can be obtained from any automobile service station. Get the type 
known as SAE 10W motor oil. This will not gum when used on high-
speed moving parts and also contains a rust inhibitor which prevents steel 
shafts and bearings from rusting. A pressure-squirt oil can is convenient 
for applying this. 

Oil is used to lubricate motor bearings, pulley bearings, and turntable-
spindle bearings. Grease is used on gears, sliding cams or levers, or other 
bearing surfaces. Oil and grease should not be used more than is absolutely 
necessary. Should oil or grease get on the motor-drive pulley, the rubber 
idler-wheel tire, the rubber friction drive, or the turntable rim, it should 
be removed immediately with alcohol or naptha. Oil or grease can de-
teriorate rubber quickly. 

Test Records and Tape. Several records have been manufactured specially 
for checking the operation of record changers. A test record should be 
obtained which has the following features: a series of frequencies for 
making a frequency response test, an unmodulated groove for checking 
rumble, and a low-frequency modulated groove for checking pickup track-
ing. A steady tone in the 1 kc-4 kc range for checking wow may be of help. 
One test record will be required for 78-rpm operation. Microgroove opera-

tion may usually be adequately checked by use of a 33%-rpm test record. 
The Dubbings D-100 12-inch vinylite test record is very good for 33%-rpm 

operation. The Clarkstan Number 2000S for 78-rpm and Number 2002S 
for 33%-rpm are also satisfactory but do not contain special tracking 
grooves. The Universal Frequency Record is similar to the Clarkstan but 
is cut for 78-rpm on one side and for 33%-rpm on the other. 
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A test tape is highly desirable for tape-recorder work. It should include 
the following: a series of frequencies for making a frequency response 
test, a steady tone in the range of 1 kc-4 kc for checking wow, a high-
frequency tone for testing the azimuth alignment of the magnetic heads, 
a series of signals for checking signal-to-noise ratio and tape speed. Also 
of value is a signal to indicate maximum recording level. The Dubbings 
D-110 for 71,4 inches per second operation is most satisfactory and is gen-

erally all that is required. 
Test records and test tapes are usually available from a radio-parts 

jobber and are frequently carried in stock. 
Value of Publications Just as with other types of service work, technical 

information is of value and on occasion is almost essential for repairing 
record changers. Such service data are available from the same three sources 
as television and radio service data: the manufacturer, Sams, and Rider. 

Manufacturer's Service Data. Whenever a record changer is manufac-
tured, the manufacturer prints a pamphlet or booklet which describes its 
operation, gives other pertinent information, and contains a parts list. 

The amount of service data may vary from a few sheets to perhaps 20 or 
30 pages for a particular changer, depending on the manufacturer. Some-
times the manufacturer's information is of little value, but as a rule the 

larger manufacturers prepare admirable publications. 
Specifications of the equipment are generally given in the first pages of 

the service data. This section may indicate the physical size of the equip-
ment, the amount of power consumed, the voltage and frequency for 
which the equipment is designed, the turntable speed, the record sizes 
used and the record capacity, the type of pickup, and similar data. Other 
introductory paragraphs may indicate the general nature of the machine 
and the features of the mechanism. Such information includes informa-
tion on the type of loading, record selection, trip mechanism, pickup, 
automatic shutoff, playing of both sides of the record, and intermix opera-

tion. 
Manufacturer's service data on changers usually tells how to unpack the 

instrument. Certain portions of the equipment may be tied down or pre-
vented from moving by use of cardboard, rubber bands, or shipping bolts. 

To prevent the record changer itself from bouncing around on its springs 
during shipment, it is customary to use temporary bolts which fasten it 
rigidly to the cabinet. These shipping bolts must be removed in order to 
allow the equipment to float freely and avoid transmission of mechanical 
sounds into the electrical circuit. Operating instructions are often also 
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given, including such things as correct loading procedure, setting of the 
various controls, the purpose of the controls, and the sequence in which 

they arc meant to be operated. 
Main Parts. One section of a manufacturer's manual generally identifies 

the main parts of the record changer and tells what they do. The lesser 
links and parts that are actuated by the main parts may also be covered. A 
quick reading of this section will often serve as a useful review. 

Larger manuals give a step-by-step analysis of the actions of the various 

parts of the record changer. This generally tells what happens from the 
moment the REJECT button is operated till the time when the next record 
has played and the cycling repeats itself. The relationship of the manual 
reject and the automatic trip is pointed out. 
A record changer usually has several adjustments. Nearly always there 

is an adjustment for the indexing mechanism. Another often found is for 
the push-off shelf or spindle push-rod that drops the records. A section on 
adjustments is included in virtually every record-changer manual, regard-

less of how skimpy it may be in other respects. 
Troubleshooting. One section of a good manual is generally devoted to 

troubleshooting. This gives possible sources of trouble and the remedies. 
When confronted by an unfamiliar design, these troubleshooting sug-
gestions can often save you time. 

Lubrication of the record changer is usually covered briefly. Free and 
easy operation is essential in many parts. On the other hand, there are 
some parts that are designed to operate with a low force, by gravity or by 

friction. Notes of caution about these are usually included because oil or 
grease can cause improper operation. 
Manuals generally include one or more diagrams showing the various 

parts of the record changer, and sometimes also showing the change cycle. 
A replacement parts list is an essential part of every manual. This list gives 

the reference numbers which are used in the illustrations to identify each 
part. When ordering replacement parts, it is essential to give this manu-
facturer's part number. 

In some cases the manual will indicate the price of each part, so that the 
serviceman can send proper payment and thus expedite shipping of the part. 
Manufacturers or their distributors do not ordinarily like to ship COD (cash 
on delivery) because of the added expense and trouble involved. It is there-
fore best to send a check with your order to cover the price of the part plus 
the parcel-post or shipping charges. In addition, some manufacturers have 

a minimum fee of perhaps one or two dollars for each parts order because 
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icemen buy these for their record-changer bench even though they have 
the complete file of Photofact Folders. The folders and manuals are avail-
able from most parts jobbers. 

Rider's Manuals. Original manufacturer's service data on record changers 
is included with receiver data in Rider's Manuals. Many servicemen prefer 
this type of data vet find it impractical to write to a manufacturer for data 
each time they get in a new model of changer. 

If doing receiver work now, you very likely have record-changer service 
data already. Keep this up to date, and refer to it whenever you find yourself 
guessing or poking blindly into the works of a balky changer. You're not 
expected to remember how every single changer works; use the available 
literature whenever it can save you working time. 

Duplication of Information. ' I'he record changers used in combination 

radio-phono sets arc general' \ made by one of the large independent record-
changer manufacturers. A particular model of record changer may thus be 
found in many different makes of sets. There may be variations such as a 
slightly different style of pickup arm but the mechanism will be the same. 
Of course, the radio manufacturer may have his own trade name in a con-
spicuous place instead of the name of the record-changer manufacturer. 
The radio manufacturers using a particular record changer will generally 

publish identical or similar manuals based on the changer manufacturer's 
own manual but carrying the receiver manufacturer's model number. You 
will be able to recognize the similarity once von have glanced at a few of 
these manuals. Use of the same changer in different makes of sets provides 
you with duplicate sources of information on the changer. 

QUESTIONS 

1. What provisions should You include in a workbench? 
2. Describe a simple suspended changer mount. 
3. Why is it easier to work on a changer mounted at eye level? 
4. Name four types of connectors used on record changers and amplifiers. 
5. What screwdrivers should ‘.ou have for changer repairs? 
6. Should vou push or pull on a wrench? 
7. What is the difference between an Allen-head and a Bristol-head screw? 
8. What four types of pliers should you have? 
9. What tool should be used to tighten or remove a nut? 

10. 1 low do vou peen a rivet? 
11. Describe a double-cut file. 
12. Where can von buy a test record or a test tape? 
13. Name three sources of published record-changer service information. 
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Pickups, Needles, and Records 

Mechanical Pickup. During the early days of record playing the mechani-
cal method of reproducing sound from records was used. Today this sanie 
basic system is used in the inexpensive portable record player. 

In a mechanical sound head, the needle is fastened to a needle chuck, 

which in turn has an arm fastened to it. The chuck is pivoted so that as the 
needle follows the groove, the chuck may swing back and forth. The end 

of the arm coming from the chuck is fastened to the center of a diaphragm. 
Being made of a flexible material, the diaphragm will move back and forth 
following the needle movement. 

The frame that holds the diaphragm also supports the pivots for the 
chuck. This whole assembly is then fastened to a horn. Thus, as the needle 

follows the record groove, the vibrations are transmitted through the 
needle, the chuck, and the arm to the diaphragm which moves the column 
of air in the horn, causing audible sound. The only way to control the in-

tensity of the sound from a mechanical pickup is to change the stiffness of 
the needles or to vary the opening of the throat of the horn. 

Early phonograph records were recorded with the reverse of this process. 
A person sang or spoke into the horn, starting the train of action which 

resulted in the sound grooves being cut in the master record. 
Crystal Pickups. The majority of modern record players and changers 

utilize the crystal pickup. The popularity of the crystal pickup is primarily 
duc to the fact that it is inexpensive and has a high output. The relatively 
high output allows it to be used with a low-gain amplifier. 

The principle on which the crystal operates is known as the piezoelectric 
effect. The word piezoelectric can be translated as pressure-electric. This 
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word is applied to certain crystals such as Rochelle salt ( sodium potassium 

tartrate), which show a mechanical strain and change shape when subjected 
to an electrical charge. 

The converse is also true; when the crystal is stressed, a difference in po-
tential develops between two faces of the crystal. When the crystal is 
stressed mechanically, charges are developed on the flat sides of the crystal. 
The stronger the stress, the larger the charge that is produced. A change in 
stress from compression to tension or from tension to compression changes 
the polarity of the charges on the crystal surfaces. Thus, the electrical signal 

produced is determined by the magnitude and direction of the applied force. 
In a record player, as the needle follows the grooves of a record, it is 

caused to move back and forth. This movement is transmitted to the crystal 
through the needle holder. A small variation in the movement causes a low 

voltage to be produced by the crystal, while a large variation causes a large 
voltage to be developed by the crystal. A crystal cartridge will provide an 
average output of about % to 3 volts. 
The crystal has a very high internal impedance, being in the order of a 

megohm or greater. As a result, it is necessary to connect it to a high-
impedance input in order to get a proper energy transfer. 

Frequency Response. Although the frequency response of a crystal pickup 
is ideally very wide, the usual commercial crystal has an abrupt cutoff in 

the neighborhood of 4,000 to 6,000 cps. As a result, a crystal pickup nor-
mally gives low to medium fidelity. 
The lack of high-frequency response in the crystal has an advantage in that 

the ordinary scratch frequencies cannot be heard. Since needle scratch is a 
high-frequency noise and is frequently present in ordinary commercial-
quality recordings, the crystal cartridge conveniently eliminates this. 

Crystal Types. Crystal cartridges can be divided into two general types, 

those with a fixed needle and those with a replaceable needle. The fixed 
needle is utilized in a cartridge having low needle pressure. The greater 

the needle pressure, the greater is the wear on both the needle and the 
record. Although the weight on the needle can be measured in ounces the 

area of needle that touches the record is so small that the pressure per 
square inch can be in the thousands of pounds. Very few present-day record 

players use a fixed needle. 

The construction of both types of crystal cartridges is shown in Fig. 1. 
As will be noted, the needle imparts a force to the crystal element through 
the torque wire or a coupling rubber. The torque wire or the coupling rub-

ber transmits the movements of the needle to the crystal element but ab-
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sorbs any extra vibrations. Since a moving part tends to keep on moving 
or vibrating ( like a plucked violin string), this prevents the crystal from 
vibrating. Thus spurious peaks in the response curve are avoided. 
The damping provided by the torque wire, coupling rubber, or other 

damping material varies according to the design, thereby changing the 
characteristic curves. Variations in the damping design are used to control 
the frequency response, output voltage, and spurious resonant peaks. 

CLAMPING NOSE TORDUE NEEDLE COUPLING 
INSULATOR PADS PIECE WIRE NEEDLE SCREW RUBBER 

STRIP EL (MEN T\ 
TERMINAL CRYSTAL HOUSING 

VIBRATING 
SYSTEM sy% 

=S1-reSTAL PERMANEN) 
LEADS NEEDLE 

FIXED-NEEDLE CARTRIDGE 

CLAMPING 
PADS 

NEEDLE CRYSTAL 'HOUSING TERMINAL 
CHUCK ELEMENT 

VIBRATING SYSTEM 

STRIP 

REMOVABLE CRYSTAL SILVER FOIL 
NEEDLE LEADS 

REPLACEABLE-NEEDLE CARTRIDGE 

Fig. 1. A typical crystal pickup, showing basic construction details 

Effect of Temperature and Humidity. A Rochelle salt crystal is affected 
by humidity and temperature. Maximum sensitivity is obtained at ordinary 
room temperatures of about 75° Fahrenheit, decreasing in either direction. 
Temperature limits are about — 40°F and + 120°F. If subjected to a tem-
perature greater than 130°F, the crystal permanently loses its effect. 

Because of these characteristics, a crystal pickup should be operated in 
a well-ventilated cabinet. It should not be stored in a warm spot such as 
near a radiator, nor displayed in a store window or showcase where bright 
sunlight or display lamps are likely to cause heating. If the crystal can be 
stored or operated in an area of normal temperature between 70° and 80°F, 
its useful life will be longer. 
Caution should be used when soldering to the cartridge terminals so that 

heat from the soldering iron is not applied to the terminal any longer than 
is necessary. The terminals are usually well-tinned in manufacture. If the 
connecting leads are also well-tinned before joining, a minimum of heat 

will suffice in soldering the connection. Many crystals are now provided with 
plug-in connections so as to eliminate the necessity of soldering. 
The most desirable relative humidity for a crystal is in the neighborhood 

of 50 per cent. In extremely dry climates the crystal tends to lose its natural 
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moisture and become dehydrated. Once dehydrated, it cannot be restored. 
Where the humidity and temperature arc extremely high, the life of a 

crystal cartridge can be extended by storing it in a desiccator. A simple 

home-made desiccator can be made from a large-mouthed jar or container 
which has a top so that it can be tightly closed. Place enough desiccant 
such as calcium chloride or silica gel to fill the jar about half full. Take a 

wire screen slightly larger than the width of the jar and force it into the jar 
so that it forms a shelf between the desiccant and the top of the jar. Place 

the crystal on the screen shelf and close the jar. 
The desiccant will have to be replaced at regular intervals, because it can 

only absorb a certain amount of moisture. To check the desiccant, place a 
small piece of water-soaked paper towel or blotter in the jar. If it does not 
dry out completely in about 11A hours, the desiccant must be replaced. 
Some desiccants can be reused after they are dried out by heating. In-

structions on the package will indicate this. Desiccants can be purchased 
from a hardware store. 
Other Crystals. Recent crystals include a number of variations to provide 

more desirable characteristics. One crystal, known as the FN, overcomes 
the shortcomings of the Rochelle salt crystal caused by high temperatures 
and humidity. The FN crystal is ammonium dihydrogen phosphate and 
can be used after immersion in boiling water. Other cartridges utilize a 
ceramic barium titanate crystal material which provides low needle pressure, 
elimination of needle talk, wider frequency response, and smaller size. This 

also is unaffected by humidity. 
Magnetic Pickup. At one time magnetic pickups were used considerably, 

but with improvement of crystal types they fell into disuse. The relative 

inexpensiveness of the crystal type contributed considerably to the situation. 
With the advent of recent high-fidelity enthusiasm and new developments 

in magnetic pickups, they have again regained considerable prominence. 
Variable-reluctance Pickup. A popular magnetic pickup is the variable-

reluctance cartridge, which undoubtedly gained a share in the market due 
to its relatively low price. Figure 2A shows a simplified sketch of this car-
tridge. The pickup includes a magnet with two parallel arms, thus having 
two north poles. A simple cantilever, which is a single piece supported at one 

end, is used as the needle shank. It is placed in the air gap and the needle 
chuck is mounted on its free end. The shank acts like a lever which rocks 
back and forth between the two north poles. 

This cantilever is designed so that it vibrates only at the fundamental 

frequency. Use of one or more small blocks of plastic material near the 
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fixed end adds to the mass. Since it is more difficult to move a given mass 
at higher frequencies, this is sufficiently large so that the second harmonic 

is damped. Although this damps the harmonic, it presents negligible load-
ing of the needle tip at the fundamental vibration frequency. 

If the needle is forced to the left by the record groove, as in Fig. 2B, the 

top of the needle shank is forced to the left. The air gap between N, and 

the needle shank is now reduced and the reluctance becomes smaller. Since 
magnetic flux follows the path of least reluctance, it increases in the left 

pole piece and decreases in the right pole piece. 

RECORD GROOVE MOVES 
NEEDLE TO LEFT 

(B) FLUX THROUGH N, INCREASES 

RECORD GROOVE MOVES 
NEEDLE TO RIGHT 

(C) FLUX THROUGH N2 INCREASES 

Fig. 2. Operation of a variable- reluctance cartridge 

In a similar manner, if the needle is forced to the right, as in Fig. 2C, 

the top of the needle shank moves to the right. Now the air gap between the 
needle shank and N, becomes smaller and the flux through the right-hand 
pole piece increases while the flux through the left-hand pole piece de-

creases. 
Conversion of Magnetic Energy to Electric Signal. A coil is used to change 

the varying magnetic flux to a varying audio-signal voltage. In the variable-
reluctance pickup a pair of series-connected coils are used, one over each 
of the parallel arms. Each of these coils contains about 2,400 turns of wire, 
and the pair is closely matched to assure faithful reproduction. 
The flux which flows in the magnetic circuit links these coils in such a 

manner that the needle movement is changed to an alternating electrical 
current. To induce a voltage in the coils, the flux must change. The voltage 
is proportional to the change in flux so that the greater the change in flux 
the greater is the voltage developed. 
When the needle moves from the center to the left, the flux flowing be-
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tween N, and the needle shank increases, and a voltage is induced in the left-
hand coil in one direction. The flux flowing between N, and the needle 
shank decreases, and a voltage of opposite polarity is induced in the right-
hand coil. The coils are connected so the voltages add together. 
When the needle moves to the right, the flux flowing from N, to the 

needle shank increases while the flux flowing from N, to the needle shank 
decreases. A voltage is now induced in the opposite direction. Thus, as the 
needle swings back and forth in the record grooves, an audio signal is 
generated. 
Needle movement in a vertical direction changes the reluctance of the 

parallel circuits equally so that no output results. This means that needle 
scratch is very low. 

ALNICO DAMPING 
LEADS MAGNET J MATERIAL 

COILS 

NEEDLE CANTILEVER 
NEEDLE SHANK 

SIDE VIEW 

TERMINALS 

NEEDLE 

SIDE VIEW 

POI F PIECES MOUNTING SCREWS 

NEEDLE 
TERMINALS 

BOTTOM VIEW 

(B) REMOVABLE NEEDLE TYPE 

Fig. 3. Construction of the variable-reluctance cartridge 

Figure 3 shows the actual pickup. The needle shank has a right-angle 

twist near the fixed end. This allows the needle shank to yield as much in 
the vertical direction as in the horizontal direction. If the pickup arm is 
dropped, the needle will then recede within the guard provided by the pole 
faces and will not be damaged. 

Since the output voltage is proportional to the needle ( or cantilever) 
velocity, the resulting reproduction is the same as that contained in the 
record groove as long as the needle properly follows the groove. This is an-

other way of saying that the frequency response is flat. The actual response 
is virtually flat from 10,000 cps down to the point where pickup-arm 
resonance occurs, which is normally at about 40 cps. 
The voltage output of the variable-reluctance cartridge is about 0.01 volt. 
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As a result, a special preamplifier is required to bring the signal up to the 
normal output level of a crystal cartridge. Since the pickup is flat for 
constant-velocity recording but a portion of the frequency spectrum is re-
corded with a constant-amplitude signal, equalization is required. It is 
normally included in the preamplifier. 
The Cobra Radionic Pickup. The Cobra pickup, utilized by Zenith in 

many of their models, is a device that varies the output of a radio frequency 
oscillator. By use of detection and amplification the audio output is 
obtained. 
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Fig. 4. A simplified diagram of the oscillator Fig. 5. Method of connecting the variable-

used in the Cobra pickup resistance cartridge to an amplifier 

A simplified circuit is shown in Fig. 4. The oscillator, which operates 
at a frequency of 2.5 megacycles, includes a coil L2 in the plate circuit. 
This coil has 40 turns of No. 40 wire, whose d-c resistance is about 2% ohms. 
The needle, tipped with an osmium-iridium point, has a stainless-steel 
vane spot-welded to it. This vane is located in the field of the coil, 
and thus it affects the mutual inductance. Since mutual inductance 

appears as reflected resistance in a coil it affects the Q of the coil. The higher 
the resistance, the lower the 0, and the lower the voltage obtained across 
the coil. 
When the needle is at rest, it is in position 2, and a constant r-f voltage 

is produced across the coil. As the needle follows the record variations, it 
moves between positions 1 and 3. When the needle is in position 1, the 
vane is furthest removed from the coil. This results in a low mutual induct-

ance ( or a high Q), and the voltage across the coil is a maximum. When 
the needle is in position 3, the vane is closest to the coil and the mutual 
inductance is high. This gives a low Q, and the voltage across the coil is a 
minimum. This variation in coil voltage serves to amplitude-modulate the 
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23-megacycle signal. The variation of the vane also changes the inductance 
of the coil, changing the resonant frequency of the oscillator circuit. This 
gives some frequency modulation, but since there is no frequency discrimi-
nation, it is not detected. 

Coils Li and L2 are part of a single tuned circuit. Any voltage variations 
across the plate coil L2 will also appear across the grid coil Li. This causes 
a shift in the average plate current, and plate detection takes place due to 
the curve in the plate-current—grid-voltage characteristic. The changes in 
average plate current appear across the plate-load resistor giving an audio 
voltage. As a result both the audio voltage and the r-f voltage appear at the 
plate of the oscillator tube. 

Resistor R2 and condensers C4 and C5 filter the r-f voltage. The audio 
voltage is coupled through C6 to the grid of the amplifier. Plate coil L2 is 
located in the cartridge. The other oscillator components are mounted in an 
oscillator preamplifier chassis. 

Variable-resistance Cartridge. A pickup which might be called a variable-
resistance type has been used by Admiral in several of their models. This 
cartridge uses a small piece of special conductive rubber having connections 
at both ends and in the middle. The end connections are solidly supported, 
and the center connection is fastened to the needle shank. As the needle 
follows the variations of the record groove, it causes one side of the rubber 
to stretch as the other compresses, and vice versa. This changes the resistance 
differently in the two halves of the rubber pieces, giving an effect like that 
obtained when the center arm on a potentiometer is moved back and forth. 
The conductive rubber piece is only 1/4 inch long, Vs inch wide, and 0.022 
inch thick. 

If a voltage is impressed across the two outside terminals of the rubber 
piece, that portion of the voltage between the needle and one end of the 
rubber may be taken off just as in a volume control. This voltage is d-c when 

the needle is at rest. When the needle is following a recorded sound, the 
voltage changes in accordance with the resistance variations giving an a-c 
voltage superimposed on the d-c. This desired a-c output is applied to the 
grid of the amplifier tube through a d-c blocking condenser as shown in Fig. 
5. In practice a voltage of about 90 volts d-c is impressed across the cartridge. 
Because of the nature of the pickup, the needle is permanently mounted 

and is hence not replaceable. When the needle wears out, which is rather 
rapidly because it generally has an osmium tip rather than sapphire, the 
entire cartridge must be replaced. The new cartridge plugs in easily because 
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it uses its three-prong connectors for support. No mounting screws are 
needed. The plastic cover cannot be opened since repairs are not possible. 

Dual-play Cartridges. Although compromise needles are made that can 

be used with both the standard and microgroove records, it is desirable to 
use separate needles ( or the tandem tips) on each. As a result, several ar-
rangements have been macle so that a single cartridge can be used, with the 

operator selecting the proper needle. 
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Fig. 6. Turnover cartridges having needles extending on both sides 

One variety is the turnover type of cartridge shown in Fig. 6. The car-
tridge is designed so that the standard needle protrudes on one side and 
the microgroove needle protrudes on the other side. The cartridge is held 
in a swivel mount on the pickup arm, so the cartridge can be rotated about 

its lengthwise axis. The standard needle is in playing position when the 
control knob is in the clockwise position. The microgroove needle is in 
position when the control knob is in the counterclockwise position. The 
control knob is marked so that a replacement cartridge can be inserted 
properly and the user will not be confused. 
Another variety of dual cartridge is the rocker type. In this case either 

the front or the rear of the cartridge is depressed so that either one tip 
or the other of the tandem needle is in the playing position. It is customary 
to mount the standard tip at the front ( or extreme end) of the pickup arm. 

The customer operates a lever somewhere on the pickup arm to shift from 
one needle tip to the other. 
A third type of dual cartridge is displayed in Fig. 7. When the knob is 

pushed down, the needle can be rotated 180 degrees so that the desired tip 
of the tandem needle is in the forward or playing position. 

Needles. Many people have the impression that a needle in a modern 

pliono pickup is good for a lifetime and need never be changed. Unfor-
tunately, this is not true. As the needle rides in the grooves of the record 
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there is friction, causing wear on both record and needle. Some materials 

of which needles are made will last longer than others, but eventually any 
needle will have to be replaced. 
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Fig. 7. A dual cartridge where the needle h rotated 
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Needle Wear. A worn needle can cause very poor tone quality, a hissing 
sound, high record scratch, and skipping of grooves. More important still, 
the damage done to the groove of the record by a worn needle is irreparable. 
It is good insurance against record wear, and will guarantee more satisfac-

tion as far as good reproduction is concerned if the needle is replaced when 
it shows signs of uneven wear. 

A needle can be checked with a small microscope having about 10-power 
magnification. A pocket microscope, magnifying glass, or jeweler's loupe 
may be used in the customer's home to inspect it. If worn enough so that 

there are flat spots as shown in Fig. 8, replacement should be suggested. 
Emphasize the fact that it is less expensive to replace needles or cartridges 
than to replace sets of records. 

Figure 8 also shows the effect of a worn needle on a record groove. Notice 
that flat spots have been worn on the sides of the needle, causing shoulders. 
The worn needle touches the bottom of the groove, causing much noise and 
scratch to be heard. The flat surfaces have sharp cutting edges that will 

gouge out the record grooves. Needle wear is characterized first by loss of 
high frequencies, then by a buzzing sound. 

Steel Needles. For mechanical phonographs, the plain steel needle is 
best. Some steel needles come in different types, which might be labeled 
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soft tone, medium tone, full tone, loud tone, and extra loud tone. The 
loudest are the stiffest; hence they will give more scratch noise along with 
greater volume. The different types are made to give a control over volume 
because only a few mechanical phonographs have adjustable horn plugs 

or doors for reducing volume. Steel needles should be used for playing one 
side of one record only. The first part of the record wears the needle to fit 
the groove. By the time the record is finished, it is worn to the point where 
it would start to gouge the grooves. Since the mechanical pickup is so heavy, 
the wear on even an expensive sapphire needle would be excessive and after 

a few plays the needle would be worthless. 
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Fig. 8. Needle wear and its effect on record 

Chromium Needles. This type of needle is steel which has been chromium 

plated. It is a good type of needle for the older heavy types of magnetic 
pickups and for the heavier crystal pickups whose needle pressure on the 
record is about 5 ounces. This needle is good for somewhere between 5 and 
50 plays, but it is imperative that a person be critical in using it. If a chro-
mium needle is used which has an uneven plating, it is possible to do a 
tremendous amount of damage to the record surface. The reason for this 
is that the needle may be placed in the pickup head in such a position that 
a thin coating of the plating may be subjected to the greatest wear. In this 
case the plating would wear through rapidly and in very few playings present 

a sharp cutting surface to the record. 
Variable-shank Needles. These needles are made by different manu-

facturers and come in a variety of sizes. One trade name for them is Recoton. 
The upper end of the needle shank is of the usual thickness, but the lower 
end has been thinned down quite a bit. The length of the lower end varies 
according to the manufacturer's design. This design was one of the early 
attempts to help eliminate needle talk, which is noise made by the needle as 

it tracks in the groove of the record. 



68 Repairing Record Changers 

Variable-shank needles give on the average about 10 plays with a pickup 
head whose needle pressure is about 3 ounces. They usually work well on 
changers and arc usually good for playing one side of a stack of records. 

Long-life Playing Needles. As previously pointed out, there are no 
permanent needles. However, there are many different types of long-playing 
needles on the market. Some have straight shanks, while others have bent 
shanks. Some use nylon between the shank and the needle point, while 

others use a metal spring between the shank and needle point. Many 
of this latter type use a hard rare metal for a point. Others use a jewel, 
either natural or synthetic, such as sapphire, ruby, or diamond. In this 
category the choice is wide. Here the serviceman may encounter customers 
who have very strong likes and dislikes. Most long-playing needles will give 
satisfactory results on modern manual record players as well as on automatic 
changers, provided the pressure on the needle is below about 3 ounces. 
The goal in needles is to get a material that is hard and will take a good 

polish. These characteristics minimize friction between needle and record. 
The rare metal known as osmium has this quality and is satisfactory for 
about 50 to 200 plays. Better yet are ruby or sapphire tips; these are harder 
and can be polished better; hence they will give about five times the wear of 

osmium. Best of all though most expensive is the diamond. This is the hard-
est and can be polished to a much higher degree, giving a longer-lasting 
needle with better reproduction. It has about ten times the life of sapphire. 

In figuring the cost per record played, the diamond needle is no more 

expensive than the others. It is often therefore considered the best buy. 
Needles of the jeweled type are usually used by those who value their 
records or desire high-fidelity reproduction; thus they should always be 
checked for wear with a microscope. 

Needle Talk. Many things have been done to lessen needle talk in long-
playing needles. They are all effective to a greater or lesser degree. Probably 
the best is the bent needle. An ordinary straight-shank needle vibrates and 
chatters, setting up a disturbance that is audible. The theory behind the 

bent needle shank is that the needle is broken up into smaller vibrating 
sections. Since the resonant frequency of a piece is inversely proportional 
to the length, bending places the needle resonances beyond the audible 
range. In this manner much needle talk has been overcome. 

Selection of Needles. In suggesting needles for record players or auto-

matic changers, it is advisable to find out who is going to use the changer. 
Where children are the chief users, it is best to recommend that the metal 
long-playing needle be used. These needles can take quite a bit of abuse 
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without materially affecting record reproduction, whereas a jewel-tip needle 

can be easily chipped. 
If only grownups will be handling the pickup, something better should 

be suggested such as a jewel needle in the medium price range, or around 
$2.50. In the event that the customer is a connoisseur or high-fidelity en-
thusiast, the very best, which is a diamond needle, should be suggested. 

Pickups, player mechanisms, and records differ from one to another in 
a great many ways. Very often it will be found that a needle which may 
work well in one machine will not do as well in another type of machine. For 
this reason, recommend a needle that you think will serve the customer best, 
and ask the customer to try it on his own machine and records. 
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Fig. 9. Comparison of standard and LP needles. LP needle rides in bottom of standard groove 

and standard needle rides on top of microgroove giving poor results. Compromise needle works 

in both grooves 

Microgoove Needles. Needles for standard 78-rpm records have a tip 
radius of about 0.003 inch ( 3 mils), as compared to 0.001 inch ( 1 mil) for 
LP or microgroove needles as shown in Fig. 9A and B. The reason for this 
is that the grooves of a microgroove record are not as wide or deep as in the 

regular record and there are many more grooves per inch. 
Because of the large tip radius on a regular needle, it will not track well 

on a microgroove record as in Fig. 9C. Conversely, a microgroove needle 

would touch the bottom and fit very loosely in the groove of a standard 
record. A person wishing to use both types of records must then have the 
proper equipment. This calls for either two separate pickup arms and their 
respective needles, a dual-play cartridge having some method of attaching 
two needles so that the desired one can be used, or use of a compromise 

needle. 
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Compromise Needles. The all-purpose needle illustrated in Fig. 9D has 
a tip radius which is a compromise between 1 mil and 3 mils. Thus it rides 
high on the microgroove and low on the standard groove but works rea-

sonably well with both. Compromise needles include 2-mil and 2.3-mil 
radius tip, and a 2-mil truncated cone tip having a relatively flat bottom 
instead of a radius. 

This method is used sparingly, chiefly on inexpensive players. Since it 
results in an increase ill distortion and surface noise, the high-frequency 

response of the associated amplifier is usually limited. The all-purpose needle 
should be used only with pickups having a needle force of not more than 
12 grams. Wear on these needles is of greater consequence than with single-
purpose needles because they have to work well in different size grooves. 

Care of Needle. To assure long needle life, it is advantageous to use new 

and clean records. In addition, the record changer should have a highly 
compliant pickup with the correct needle pressure and a minimum of verti-
cal and horizontal pickup-arm friction. A highly compliant pickup is one 

which exhibits considerable yield to the horizontal forces exerted by the 
varying record grooves. The higher the compliance, the less is the pressure 
and wear on the needle and record grooves. 

Pickup Arms. The pickup arm supports the pickup cartridge so that the 

needle may properly follow the record grooves. Pickup arms have a wide 

variety of shapes for style reasons and because they are often designed to 
work with a particular cartridge. A cartridge-pickup-arm combination is 

designed to produce a wide range of frequencies at constant relative out-
put with low distortion and little needle and record wear. 

To meet these requirements, there must be very little friction in the bear-

ings of the pickup arm. Also, the pressure of the needle on the record must 

be kept to a minimum consistent with proper tracking and adequate output. 
This necessitates balancing of the pickup arm. In addition, mechanical 
vibrations may possibly exist. The mechanical features that are involved 

have electrical equivalents and must be properly selected in design to alle-

viate any possible difficulties. It is impractical to design a cartridge with 

flat output only to have a resonance in the pickup arm. The desired result 
is a matched system. 

Pickup-arm Characteristics. Progress in the industry is demonstrated by 
reduction in needle pressure. From the extreme of several ounces used in 

early mechanical reproducers, the needle pressure has been constantly re-
duced. Prior to the introduction of LP records, a needle pressure of 1 ounce 
plus or minus 1/4 ounce was normal. In recent record changers the design 
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is such that the same pickup arm can be used for all types of records, and 
the pressure is decreased to that normally used for LP records. These records 
require a needle pressure of roughly 8 grams plus or minus 2 grams ( about 
1/4 ounce). Most modern changers use 6 to 8 grams pressure. It has been 

found that 5 grams is sufficient for proper tracking of the needle in the 
record groove. Vertical friction should not exceed 1 gram, and lateral 
friction should not exceed 2 to 3 grams. The needle pressure should not 

change by more than 2 grams when used with one record or a complete 
stack. 

Substitution of Pickup Arm. To avoid undesirable pickup-arm resonances, 
it is safest not to make any changes in the pickup-arm assembly during 
servicing. Use exact or equivalent replacements of both pickup arms and 

cartridges. Where a pickup arm is damaged, replace it rather than try to 
straighten or repair it. The relatively small cost of a new arm is not of 

consequence when compared to the possible labor involved in making 

repairs and the effect on tone and needle and record wear. 
Pickup-arm Support. It is neces-

sary to support the pickup arm in a 
manner which will provide proper 
balance and minimum friction. A ARM SUPPORT 

method is shown in Fig. 10. The HEIGHT 

pickup-arm shell is attached to a sup- SHAFT 

port which forms one portion of the ¿,Pr ROD 
SLIDE ADJUSTMENT OF COUNTER -BALANCE 

pivot or hinge assembly. The pivot 
assembly is in turn attached to a ver-

tical shaft or post which may be rotated. The pickup arm is then free to 

move both horizontally and vertically. Horizontal friction is affected pri-

marily by the method of mounting on the vertical shaft or post. Vertical 
friction is determined by the pivot and by the counterbalance system. 

The proper needle pressure is obtained by use of a counterbalance arrange-
ment. This is usually a spring, counterweight, or combination thereof. To 

allow for production tolerances and aging of springs, an adjustment must 
be provided. This is arranged by allowing the counterweight to be moved 
or the spring tension to be changed. 

Vertical movement of the pickup arm during cycling is usually produced 
by a lift rod that slides within the shaft or bushing. This lift rod presses 
against but is not generally fastened to the pickup arm. Horizontal move-

ment of the pickup arm during the change cycle is usually obtained by 
rotating the pickup-arm shaft, which is a rigid part of the assembly. 

COUNTER-BALANCE SPRING 

evor 

Fig. 10. A pickup arm assembly 
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Records. Although it is not the purpose of this book to discuss recording 
techniques, it is desirable to briefly consider the manner in which records 
arc made in order that their properties can be better appreciated. 

Cutting a Record. When a recording is made, a recorder is used to cut the 
impressions in a blank. The recorder is basically the same as a phonograph 
but has many refinements and works to very close tolerances. A blank record, 
mirror smooth on each face, is placed on the turntable. The turntable is 
much heavier than that used in record changers, thus having added rigidity 
to give freedom from warping and a heavier mass to give a steadier speed 
from the flywheel action. The turntable is driven by a high-quality motor 
having extremely small speed variations and high isolation from vibration. 
The cutter changes the sound or electrical energy into mechanical varia-

tions. Both crystal and magnetic types are used and produce the opposite 
action to that previously described for pickups. 
A recording stylus is used to cut the grooves in the record. It is similar 

to a pickup needle but must be very hard, smooth, and precisely shaped. 
The cutter is driven by a feed mechanism so that as the turntable rotates 

the cutter is caused to move slowly across the record. For cutting transcrip-
tions this may move inside-out ( from the center to the edge), but for 

producing phonograph records it is caused to move outside-in. 
The recorder has many adjustments, including the number of grooves per 

inch and the depth of cut. These are set prior to cutting a record. To cut 

the record, the cutter is positioned at the outer edge of the blank, and the 
turntable is started. The stylus will form a groove in the record, cutting 
out a chip or thread of material. As electrical energy is supplied to the cutter 
in the form of audio frequencies, the stylus is caused to move to and fro in 
a lateral direction, making a wobble in the groove. The variations in the 

wobble are the same as the audio frequencies fed to the cutter. 
For standard 78-rpm records, the depth of cut is in the order of 0.002 to 

0.003 inch. Microgroove records are cut to a depth of about 0.001 to 0.0013 
inch. If the groove is too shallow, the needle will not follow it properly and 
the pickup may slide across the record. On the other hand, if the groove 
is cut too deep, the grooves may overlap so that there is no land between 

the grooves. This is known as overcutting. 
The degree of polish which the stylus possesses determines the smooth-

ness of the groove walls. The smoother the wall the less is the surface noise. 
The loudness of the sound being recorded determines the extent that the 

stylus vibrates. Thus for louder passages the vibration is more extensive. 
Since a certain amount of land must be left between grooves, the number of 
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grooves per inch is limited. It is desirable to have as many grooves as possible 
on the outer portion of the record. Recorders are in use that have an auto-
matic variable pitch so that on louder passages the number of grooves is 
decreased and on quiet passages the number of grooves is increased. This 

assures the maximum number of grooves in a given space. 
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Fig. 11. Two grooves of the same frequency and amplitude are of different lengths at different 

distances from the center of the record. Width of A-A' is constant, but that of B-B' varies because 

of sharp swings and shape of cutting stylus. At narrow portions distortion occurs during playback 

Pinch Effect. Since the turntable rotates at a constant speed, the length 
of groove traversed in one revolution near the outside edge is greater than 

the length traversed in one revolution near the inner edge. This is illustrated 

by Fig. 11A which shows a segment of a revolution. One cycle of a particu-
lar frequency is recorded near the outside as shown by A-A' and near the 
inside by B-B'. The variations of the inner groove are much sharper than 

those of the outer groove. Figure 11B shows an enlarged view of these varia-
tions. Because of the gentle changes in groove A-A' the width is nearly con-
stant throughout. However, the groove B-B' has variable width duc to the 
shape of the cutting stylus and the sharp variations. Since the width of the 

groove varies, when the record is played back the needle will climb or be 
forced up out of the groove at the narrow portions. This will result in poor 

tracking, a lower output, and possibly distortion due to the vertical motion. 
This pinch effect will occur at all frequencies but is not troublesome below 

1,000 cps. 
Factors Governing Pinch. For a lateral-cut record the factors affecting the 

pinch effect are the turntable speed, the stylus or needle tip radius, the 
diameter of the inside groove, and the modulation index given by the ratio 

of the fully modulated groove width to the unmodulated groove width. A 

decrease in turntable speed decreases the maximum frequency that can be 
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recorded if the recording diameter and modulation index are constant. A 
decrease in the stylus or needle tip radius, on the other hand, increases the 
maximum frequency. 

Microgroove 33%-rpm recordings reduce the speed by a ratio of about 
2.3 to 1 over standard 78-rpm recordings, while the needle tip radius is 
reduced by a factor of 3 to 1. Thus, the latter more than compensates for 

the former. The 45-rpm speed represents an improvement in the speed 
ratio. The larger speed gives more output; hence the diameter of the inner-

most groove can be smaller for comparable distortion. Since so many vari-
ables are involved, each method uses a different fixed set of starting condi-
tions, allowing maximum advantages to be obtained. 

Record Sizes. Records for home use are classified by their diameter 

and are either 7, 10, or 12 inches. The standard 78-rpm records come in all 

three sizes, with the smaller being used principally for children's reproduc-
tions. The 33%-rpm LP records also come in all three sizes. The 45-rpm 
records, characterized by the large center hole, are made only in the 7-inch 
size. 

All types and sizes are made of plastic, and only the standard 78-rpm 
records are still also made of shellac. 

Troubleshooting a Mechanical Reproducer. In a record player which 

utilizes a mechanical head, only two portions of the assembly can cause 
poor sound or loss of output. These are the needle and the mechanical head. 
If the output level is poor, the needle should first be replaced. It is customary 

to secure the needle with a thumb screw so that it may be changed after 
each record is played. 

If volume is still too low after the needle has been replaced, the head is 
at fault. Replacement units are available from most radio parts jobbers. One 

or more set screws are used to hold the head in place. Once these have been 
loosened, the head will slide off the end of the arm, the two having been 
designed to form a snug fit. 

Troubleshooting a Pickup Assembly. The possible difficulties that may 
be encountered in a pickup assembly are low output, loss of output, inter-
mittent output, and distortion. The components that make up an assembly 
are those which were previously discussed, namely, the needle, cartridge, 
and pickup arm. The record must also be considered since it is the source 

of the sound. The more common troubles are shown in Fig. 12 and dis-
cussed in the following paragraphs. 

Poor Output Volume. Low output or lack of output may be due to the 

needle, cartridge, pickup wires, or the amplifier. Intermittent output may 
also be included in this category. To determine whether or not the amplifier 
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is at fault, the input connector to the phono socket may be removed. Since 
the human body is somewhat insulated from ground, it picks up a stray 
60-cps signal. If the finger touches the hot or high-level side of the amplifier 
input, this signal is introduced into the circuit. With the volume control 
advanced, a hum should be heard through the speaker. If the amplifier 
input is not readily available, the 
same test may be made by touching 

GUARD MAY BE FILLED 
the high-level terminal of the car- WITH FOREIGN MATERIAL 

OR BENT (Mier Nor 
tridge. In the event the test is made TOUCH RECORD) 

at the cartridge terminal and no 
hum is obtained, the wires should be 

of an ohmmeter will verify this. 
Fig. 12. Possible causes of distortion or poor 

If a hum is heard, then the needle output 

and the cartridge remain to be 
checked. The needle should be inspected to determine that it has not 
broken, and that it is in proper position to freely contact the record. In 
normal trouble-shooting procedure, this will probably be the first thing 
checked, since it is always a good policy to first make an over-all inspec-

tion. 
If there is no visible defect, the simplest procedure is to change the needle. 

If it is necessary to remove the cartridge in order to replace the needle, a 
rough check of the output may first be made by lightly rubbing the needle 
point with the tip of a finger. This will give a scratchy sound through the 
amplifier if everything is working properly and the pickup wires are con-
nected. Another method of checking is to hold the cartridge between the 
fingers and play a portion of a record. If this fails to give sound from the 
amplifier yet a hum is heard when the hot pickup terminal is touched with 
the finger, the cartridge is defective and must be replaced. 

Distortion. Distortion may be caused by nearly every part in the assembly. 
A bad record may be the cause, so try several records. A binding or defective 
pickup arm may also be the cause. A damaged arm should be replaced 
with an exact replacement part. Binding can be checked by holding the 
cartridge end of the pickup arm lightly in the fingers and moving it back 
and forth. Since the pickup arm is closely associated with the indexing 
mechanism, causes of binding and other pickup-arm assembly defects are 
discussed in a later chapter. 

Distortion may also be caused by a worn or defective needle and by a 
defective cartridge. These items should be checked in the same way as for 

MAY HAVE BROKEN WIRE 

MAY HAVE 

checked to determine that they are BROKEN CRYSTAL 

intact. A continuity check by means MAY HAVE DEFECTIVE STYLUS 
OR MAY TOUCH GUARD 
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poor output volume. Another and more obvious cause of distortion is the 
needle rubbing against the guard, or lint and dirt accumulating between 
the needle and the guard. 

Distortion in the form of a hum or an intermittent noise may be due 
to a loose or broken ground connection. Usually one wire is connected from 
the amplifier chassis to the cartridge case to serve as a common ground 
connection. This wire is in the form of a shield surrounding the signal wire. 
Magnetic and electrostatic fields set up by a-c or static voltages are inter-
cepted by this surrounding shield and are grounded. If the ground wire is 
open, these stray fields are coupled into the signal wire. This stray field is 
usually 60 cps; hence power-line hum is heard when the ground wire is open. 

Troubleshooting a Crystal Cartridge. A crystal cartridge is difficult to 

check other than by substitution or elimination. By the process of elimina-
tion of other possible sources of trouble, as just previously described, it is 
quite easy to spot a faulty crystal. 
One possible check which may be of assistance is to measure the resist-

ance of the crystal cartridge. Although this, too, does not give a definite 
answer, it is safe to say that if the resistance is 2 megohms or more the 
crystal is good. If it is 250,000 ohms or less, the crystal is bad. 

As a note of caution, the application of more than a few volts to a crystal 
cartridge is not recommended. Voltage causes a crystal to change shape, and 
if excessive will break or damage it. If a dead crystal cartridge is being re-
placed, a check of the voltage across the leads will avoid any possibility of 
this. If any voltage exists, it is due to a leaky coupling condenser which 
must be replaced. 

Servicing a Crystal Cartridge. The construction of a crystal pickup is 
such that no attempt should be made to repair it. There are certain defects 
which may occur, such as low output, distortion, fuzziness, or no output at 
all. If a crystal is suspected of giving trouble, it is a simple matter to substi-
tute another and check on the performance. Should the original crystal 
cartridge prove defective, it should be replaced. It is not worth while trying 
to repair it. 

Troubleshooting the Variable-resistance Pickup. The variable-resistance 
(not variable-reluctance) pickup cannot be repaired due to the nature of 
its construction. As in most cases, the simplest method of checking for a 
defective cartridge or needle is to replace it. The plug-in feature makes this 
very simple. 
To check without the use of a replacement cartridge, the finger-touch test 

may be applied to the needle. If a hum or scratch is heard, the coupling 
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circuit to the grid of the amplifier is satisfactory, eliminating it from con-
sideration. In this case, the voltages across the outer terminals should be 

checked. Since the connectors are riveted in place, they are available from 
the bottom. The voltage should measure between 80 and 100 volts d-c, but 
depends on the external circuit. If the voltage is correct yet no sound is 
obtained from records, the cartridge is defective. The resistance is not criti-
cal and should measure between 100,000 ohms and 2 megohms. 

In case of distortion, the coupling condensers should be checked. There 
will usually be two. One is connected between the center terminal of the 
pickup and one end of the volume control. The other is connected between 
the movable arm of the volume control and the grid of the first amplifier 

tube. 
If the needle is bent, straightening can be accomplished by bending it 

down so that it projects about % 6 inch below the cartridge. The needle 

should then be pressed back several times with a flat object. The amount 
it springs out beyond the case is then correct. 
The variable-resistance cartridge should be at room temperature when 

being tested, as cold will impair the output by its effect on the rubber. 
Servicing a Magnetic Cartridge. Most magnetic pickups, including the 

variable-reluctance cartridge, must be cleaned periodically. Lint and other 
foreign particles on the record surface accumulate on the needle, pole pieces, 

and between the gaps. The needle should be removed and the cartridge 
cleaned by means of a soft-bristle brush. Where it is impractical to remove 
the needle, a piece of Scotch tape can be threaded between the pole pieces 

and the needle a few times. If a brush is not available, try blowing the dirt 
out or tickling it out with a piece of paper. Caution must be used not to 
disturb the pole pieces while cleaning. 

It is possible to lose output because of a broken wire inside a magnetic 
cartridge. Replacement is best here, but in an emergency you can try to 
locate the break and make repairs. Since the wire is very fine and it may be 
necessary to scrape off the insulation before soldering, extreme care should 
be used. A resistance measurement can sometime be of help. A good vari-

able-reluctance cartridge will measure about 340 ohms. 
Cartridge Characteristics. Various cartridges differ widely in their out-

put characteristics. In designing an audio system to work with a certain 

cartridge, the manufacturer takes into consideration the output voltage, 
the frequency response, and the needle pressure required to produce the 
first two. For these reasons it is highly desirable when replacing a crystal 
that either an exact duplicate be used or else one known to match the origi-
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nal. Another type of crystal, although new and perfectly good, may not 
give anywhere near the results that are desired. Only for purposes of check-
ing should another type of crystal cartridge be used unless you get customer 
approval of the tone of the new cartridge. 

Replacement Units. Cartridges can be obtained from a good parts jobber. 
Most of them are made by firms specializing in manufacturing cartridges. 
Most cartridge manufacturers print charts indicating stock numbers of 
interchangeable units. By checking the chart, a permissible replacement 

may be found if the exact replacement is not available. If a good per-
centage of work being done is on phonographs, it is a good idea to carry 

a small stock of the faster moving cartridges. This speeds up the repair work, 
and allows speedier service to the customer. 

Replacing a Cartridge. Although the shapes of crystal cartridges vary 
considerably, practically all have identical mounting holes. It is common 
practice to mount the crystal by means of two screws inserted through the 

holes in the cartridge and fastened to the tapped holes in the pickup arm 
or in a supplemental plate. 
To remove a crystal, it is necessary, then, to remove these two screws. 

Where the pickup arm does not lift sufficiently high to allow a view of the 
underneath side, a mirror placed on the chassis or turntable will be of 
assistance. Standard slotted screw heads are normally used. Where the 

needle is held by a set screw, it may be necessary to remove this first to 
provide clearance when withdrawing the cartridge from the pickup arm. 

Most present-day cartridges use slip-on type terminal lugs. The pickup-
arm leads are soldered to small terminal sockets which slip over the 
cartridge-plug tips. This eliminates the need for soldering when replacing 
the cartridge. 

Where soldered terminal connections are made directly to the cartridge, 

the wires to be attached to the crystal should be cleaned and wrapped 
around the terminal lugs. The crystal should be placed in such a manner 
that the soldering iron can be applied without causing the crystal to move. 

The ends of the leads should be tinned and the soldering iron heated to 
the point where solder flows freely. It does not require much solder to 
hold these wires on, so that the flow of solder between the tinned terminal 

and the leads will probably suffice in making the joint. When soldering 
leads to a crystal pickup, the job should be done thoroughly but quickly. 
The crystal cannot stand too much heat, and it is possible to destroy its 

properties by holding the soldering iron on the lugs too long. 
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Generally a two-conductor lead is used to connect the pickup to the 
amplifier, but on occasion a three-conductor lead is employed. In both 
types, one of the leads is a braided metal cover, called a shield because it 
shields the other conductors from stray signals. The shield is always con-
nected to the ground portion of the pickup and the amplifier. The case 
of the pickup is considered as ground. 
Where a pickup has two terminals, one is usually connected to the case 

by a lug, making the ground terminal easily recognizable. Where three 
conductors are used, the two inner ones are connected to the pickup ter-
minals and the shield is connected to the case. Figure 13 shows pickup 
cartridges with such connections. The various items used in mounting a 
cartridge are also shown in their respective positions. 

MOUNTING 
SCREW 

MOUNTING PICKUP 
SCREW 

PICKUP ARM 

SHIELD 

MOUNTING 
SCREW 

MOUNTING 
SCREW 

PICKUP PICKUP ARM 

SHIELD 
CARLE CLAMP 

(A) TWO- CONDUCTOR LEAD (B) THREE-CONDUCTOR LEAD 

Fig. 13. Connection of lead to the pickup 

In all cases caution should be used to determine the point to which 
the ground lug or shield is connected. It is essential that this be properly 

connected when replacing the cartridge so that stray pickup is not fed to 
the amplifier. 
The procedure used to put the replacement cartridge in place is the 

reverse of that used to remove it. When replacing a cartridge where the 
ground lug is held by one of the mounting screws, it is convenient to put 
the other screw in place first, tightening it only enough to hold the car-
tridge. The ground lug can then be slipped over the other screw, which may 
then be put into place. Both screws can then be tightened. A short screw-
driver, preferably with a spring screw holder, is handy for this. 
There are some exceptions to the procedure. The Admiral variable-

resistance cartridge is one. It has external connections which plug into a 
mating socket so that it is necessary only to push in or pull out as the case 
may be. This is shown in Fig. 14. In some few cases the mounting screws 
are inserted from the top. 
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A moment spent inspecting the unit is of advantage to avoid damage. 

It is a general rule not to use force unless sure of the technique required. 

Fig. 14. The Admiral variable- resistance cartridge is removed by pulling down on the back edge 

It is held in the pickup arm by its three pin connectors 

Needle Replacement. The most general method of securing the needle 
in the cartridge is by means of a set screw. To replace the needle, it is 
necessary only to loosen the screw ( counterclockwise) and remove the 
needle. If the needle sticks, it may be loosened by pulling with tweezers, 
prying with a knife, or pushing through from the opposite end. If the 

needle is pried loose with a knife, only gentle pressure should be exerted 
so as to avoid damaging the cartridge or breaking the needle shank. 

KNURLED 
THUMBSCREW HOLDER 

(A) REMOVING OLD NEEDLE (B) INSERTING NEW NEEDLE (C) REMOVING NEEDLE HOLDER 

Fig. 15. The Shure Muted Stylus needle is changed by loosening the thumb screw, removing the 

needle, inserting the new needle as far as possible, tightening firmly, and removing the needle 

holder (where supplied by needle manufacturer) 

In many cartridges, the needle socket goes completely through and the 

end of the needle shank is visible from the top when the cartridge is re-

moved from the pickup arm. By pushing with a stiff wire, paper clip, or 
other suitable implement, you can readily remove a jammed needle and 
still exert a minimum pressure on the cartridge. 

Other Needles Held by Set Screws. The Shure Muted Stylus needle, 
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shown in Fig. 15, is specially designed to be used with the muted-stylus 
cartridge. Although the word stylus is defined as a tool for writing or re-
cording, it is often loosely used in phonograph work to indicate the needle. 
This particular needle is held by means of a knurled thumb screw. When 
replacing, the needle should be inserted as far as possible. Where a card-
board tool is provided for convenience in handling the needle, it must then 

be removed. 
One turnover cartridge, the Webster-Electric Featheride, uses two sep-

arate needles on opposite sides as in Fig. 16. The two needle shanks dove-
tail together and are held by a single screw. Both needles may be removed 

SIDE VIEW 

Fig. 16. The Webster-Electric 

F15 and F16 cartridges use 

separate needles inserted from 

opposite ends 

SIDE VIEW 

SET SCREW 

I 
PICKUP I 

[
I- MIL NEEDLE 

NEEDLE SHANK 

3- MIL NEEDLE 

OVAL SHAPED HOLE 
FOR NEEDLE 

BOTTOM VIEW 

Fig. 17. The single-shank needle for the Webster-Electric turn-

over cartridge is held by a set screw but must be removed 

and inserted with a curved motion 

by loosening the single set screw. When installing new needles, the 3-mil 
needle must be inserted first. The 1-mil needle, colored red, is then in-
serted. The shanks of the two must fit together with the flat seat on the 
1-mil needle facing the set screw. Once the set screw is tightened, the 
needles can be centered between the guards by applying lateral pressure 

with the finger. 
The Featheride cartridge using a single shank with two needle tips is 

illustrated in Fig. 17. The needle is held by a set screw, but it must be 
removed and inserted with a curved motion. The red spot on the cartridge 
indicates the side for the 1-mil tip. As is usual, the needles must be centered 

between the guards. 
Replacing Other Types of Needles. Many new and special needles have 

been developed in an attempt to improve performance. Some of these re-
quire special handling or special tools. At least one manufacturer, the 
M. A. Miller Mfg. Co. ( Carillon Dynamic needles), includes such special 
tools with each replacement needle. Where tools of this type are not avail-

able a tweezers is usually a good all-around tool. 
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Friction-supported Needles. The Seeburg jukebox uses a cartridge with 
two needles on opposite sides in order that both sides of a record may be 
played without turning the record over. The needle used is shown in Fig. 
18. It may be removed by inserting a knife near the shank and prying out-
ward. The replacement needle may be inserted by use of a tool or tweezers, 
inserting the shank in the socket and pressing gently. If the installation 
tool is used, it may then be slipped off over the needle tip. 

TOOL —.)-1111 

I- MIL 
NEEDLr 

Fig. 18. The Seeburg cartridge uses two needles mounted in opposite sides of the cartridge. The 

shank fits in a socket by a friction fit. When a special installation tool is used, it is slipped over the 

tip after the needle is inserted 

One type of Astatic needle ( Fig. 19) has their Taper Back shank which 
is held in a mating, open groove. In order to replace the needle, the car-
tridge should be removed. The old needle should be slipped out by exerting 

a slight pressure away from the needle point with the thumbnail, as shown. 

To insert a new needle, hold it with a tweezers or a folded card and pull 

Al REMOVING OLD NEEDLE ( 131 INSTALLING NEW NEEDLE 

Fig. 19. Replacement of Astatic needle having Taper Back shank. Pressure of the thumbnail on 

the tab will cause the needle to slide out, and the replacement needle is pulled into place by 

means of a folded card 

so that the needle slides into place. The card may then be detached and 
pressure applied at the back of the needle shank to push it firmly in place. 

Pressure must not be applied to the playing tip of the needle. 
Various types of Electro-Voice needles are used in crystal pickups having 
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a special tapered socket that snugly fits the tapered needle shank. Figure 20 
shows several needles. To remove the needle, a tweezers should be used. 
The replacement needle can then be inserted by holding the playing tip 

in a holder or tweezers and pushing firmly into place. 

TYPE 0 TYPE S TYPE 00 -13 TYPE 3S-13 

Fig. 20. Examples of Electro-Voice friction-fit needles which must be slid in and out of cartridge 

when replacing 

The tandem needle used by Magnavox is replaced as shown in Fig. 21. 

The hinge lock on the pickup arm, located underneath just forward of the 
pivot, must be released and the pickup arm raised. To remove the needle 
guard, a knife must be inserted under the eyelet at the back of the car-
tridge. Once the guard is released, the needle may be removed. To install 
the new needle, line up the key and slot, then push the shank all the way 

into the socket. If the needle does not fit snugly, it should be removed and 
the shank spread slightly by inserting a knife. The needle should then be 

PRY UP REAR 
OF GUARD, 
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REMOVING GUARD 
AND OLD NEEDLE POSITIONING 

WITH KNIFE NEW NEEDLE 

KNIFE 

SHANK 

3 MIL / MIL 

SPREADING CORRECT 
SHANK ALIGNMENT 

Fig. 21. Steps in replacing Magnavox tandem needle 

CORRECT 
CLEARANCE 

positioned laterally and the needle guard replaced. Finally, bend the needle 
ends so that they extend about 1/32 inch beyond the guard. A flat object 
should then be placed over each needle tip and pushed in until the object 
is flush with the guard. When the object is removed, the needles will 

spring out to the proper clearance. 
One type of General Electric variable-reluctance pickup uses a friction-fit 

needle, as shown in Fig. 22. To remove, the cartridge must be taken out 
of the pickup arm. The needle may then be forced out with a wire or paper 

clip. The replacement needle is inserted with the fingers and, when centered 
between the guards, pressed firmly into place with your thumbnail. 
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Fig. 22. Installing new needle in single-needle GE variable-reluctance pickup, after first removing 

pickup from pickup arm and pushing out old needle from back with paper clip (GE photo). 

Left—Pushing out old needle; center—inserting new needle; right—pressing in new needle 

Replacing Keyed Needles. Keyed needles arc also of the friction-grip 

variety. The Astatic type Q needle in Fig. 23 is of this style. Gently pry 
out the old needle with the blade of a knife. The key of the replacement nee-
dle should be aligned with the keyway of the cartridge and the needle then 

pressed into place. It should be lined up by using light lateral pressure 
so that it is in the center of the needle guard. As usual, caution should 
be used that pressure is not applied to the playing tip of the needle. 

4 ..--- ALIGNING KEY 

PLAYINS TIP 

PUSH HERE BOTTOM VIEW 

Fig. 23. Astatic type Q needle and the manner in which it is inserted in the cartridge. Pressure 

should not be applied to the playing tip 

Replacement of the Columbia LP Microgroove needle is similar to that 
just described. The only difference is that both a right-hand and a left-
hand key are used in various pickup models; hence the correct new needle 

must be ordered. 
Replacement of the Philco keyed tandem needle is shown in Fig. 24. 

To remove the needle, the cartridge must first be taken out of the pickup 
arm. I Iold the pickup arm securely on its rest, and push the needle selector 
down lightly until the lever disappears in the top of the pickup arm. The 
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cartridge can then be removed. Remove the needle guard by inserting a 
knife blade under it and prying it off. Now insert the knife blade under 

the needle heel and gently pull the blade and needle straight out together. 

When the key on the new needle shank is properly aligned, press the new 
needle into place. Replace the needle guard with its pointed end facing 
toward the gold button on the cartridge case. 

î 
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KEY NEEDLE POINT 
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GOLD BUTTON 

REPLACING 
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Fig. 24. Installation of a new needle in PhiIca tandem-needle pickup 

Replacement of Miscellaneous Needle Styles. The Astatic type G needle 
has a special locking device. To replace this needle, the cartridge should 

be removed. The needle must be raised part way out of the socket, then 
rotated 90 degrees as illustrated in Fig. 25. When replacing the needle, 
it should be held at the right-angle position and pressed all of the way 

into the socket, then rotated 90 degrees to the normal playing position. 
Vertical pressure on the needle must be exerted only at the sharp bend. 

TIP 

NEEDLE 
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t 
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PLAYING 
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Fig. 25. The Astatic type G needle uses a special twist-to-lock feature 

The threaded-shank needles shown in Fig. 26 represent the usual RCA 
needles. Since these needles are held in place by a locking nut fastened 
on the upper side, the cartridge must be removed from the pickup arm. 

Place a mirror under the pickup arm as an aid in locating and removing the 
mounting screws. A screwdriver tool having a recessed screwdriver blade 
on one end and a hexagonal socket wrench on the other is available for 

this purpose from RCA distributors and most parts jobbers. The hexagonal-
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wrench end of the tool is then used to remove the locking nut from the 
end of the needle. 

In replacing the needle, the reverse procedure is followed, making cer-
tain that the needle tip is centered between the guard prongs. When the 
cartridge is replaced in the pickup arm, the operation can be simplified by 
replacing the screw without the ground lug, tightening it lightly. The other 

screw can then be placed through the ground lug and put into place, 
tightening firmly. The first screw can then be tightened firmly. 

GROU:1 
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Fig. 26. To change the RCA needles, the cartridge must be extracted from the pickup arm in 

order to allow the locknut to be unscrewed. The needle then slips out 

Servicing Pickup Arms. It is usually undesirable to attempt to repair 
pickup arms. Pickup-arm defects should be remedied by replacement of 

the entire shell with its attached parts. Adjustment of needle pressure and 

pickup-arm friction is, however, often necessary. The method of measuring 
these is by means of a scale as shown in Fig. 27. The springlike finger is 
placed in contact with the pickup as close to the needle as possible. The 

needle pressure is read directly from the calibrated scale, or better by taking 
the average of the readings obtained when the pickup arm is slowly raised 
and lowered. 

Vertical friction is measured by moving the scale slowly upward about 
1/2 inch and then downward to the original position. The difference be-
tween the two readings is the vertical friction. 

To measure horizontal friction, the pickup arm must be balanced so that 
no weight is placed on the scale. This can be accomplished by placing a 

weight on the rear of the pickup arm as in Fig. 28. Where the overhang 
behind the hinge is small, it may be necessary to fasten a relatively long 
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block of wood to the rear of the pickup arm. Scotch tape or masking tape 
is useful -for this purpose. Once the pickup arm is balanced, you can move 

it horizontally. The needle pressure is read directly from the calibrated scale. 

Fig. 27. A scale for measuring needle pressure. When needle is on upper button of spring-

steel arm as shown, pressure is read in grams on outermost scale. For old 78-rpm cartridges 

needle is placed on lower button and value is read on ounce scale. ( Pacific Transducer Corp. photo) 

Fig. 28. Measurement of horizontal friction. Temporary weight is placed at rear end of pickup 

arm to balance it off turntable so needle does not touch anything. ( Philco photo) 

If the pickup arm has an adjustable counterweight, the needle pressure 
can be adjusted by moving the weight forward or backward. Moving it 

backward reduces needle pressure. 
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Where a spring or spring and counterweight are used, there is usually 
some means for adjusting the spring tension to change the needle pressure. 
Generally this is done by moving one end of the spring mount or by moving 
one end of the spring itself, as shown in Fig. 29. The direction of move-
ment for reducing or increasing needle pressure can be determined easiest 
by trial. 

If the vertical friction is too great or binding is indicated by erratic 
readings of the scale during test, the hinge assembly should be checked 
for grit, burrs, or other foreign particles. Cleaning by liberal application of 

carbon tetrachloride is in order. If burrs exist, the hinge should be disas-
sembled, the burrs filed off, and the parts smoothed by rubbing thoroughly 
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Fig. 29. Adjustment of needle pressure by varying the tension in the counterbalance spring 

with a crocus cloth. Some record changers utilize two short-pointed pivots 
which fit into similarly shaped bearings. To allow for removal of the pickup 
arm, one pivot is actually a screw. Be sure the adjustable pivot is not so 
tight that it binds. 

horizontal friction may be caused by either the pickup-arm assembly or 

by a portion of the indexing mechanism associated with it. The pickup-arm 
assembly itself contains some sort of vertical shaft which fits in a bushing 

mounted on or in the record-changer base. This should be checked for 
burrs, grit, or other causes of binding. Again, washing with carbon tetra-
chloride is in order. Burrs may be removed by means of a light file and/or 
use of crocus cloth. The crocus cloth is necessary to provide a fine, smooth 
surface. Difficulties due to the associated indexing mechanism are taken 
up later. 

Servicing Records. Care of records is not the serviceman's problem, but 
you will often be asked for advice on this subject. There is very little 
that can be donc by the customer to repair or maintain records other than 
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to take good care of them. However, Vinylite records get noisy after use 

due to accumulation of static charges. 
Several compounds are available to eliminate this. One such product is 

Merix Anti-Static. This is applied by brushing over the record surface on 
one side only. Since static attracts dust, this compound also assists in keep-

ing the surface clean. 'When recommending or selling a product like this, 
warn the customer that the dirt will be picked up by the needle on the 

first playing after an application. This dirt will clog the needle space, par-
ticularly on variable-reluctance pickups, unless cleaned out after every few 
records. It is best for the customer to play all records once after cleaning. 

The best way to store records is vertically in albums. If stored hori-

zontally, they will soon warp. For this reason records should not be left on 
the record player, particularly on the record shelves. 

Handling. Since the needle and cartridge are most vulnerable to mis-

handling during transit, the pickup arm should be fastened to the center 
post with a heavy rubber band or with string when taking a changer to or 
from your shop. Sometimes it is easier to tie the pickup arm to its rest. 

Records should be handled by the edges. If the grooves arc touched, oily 
fingerprints are left which attract dust and dirt and may attack the record 
material. Since many customers never touch the record grooves, you should 
be extremely careful not to do so. 

QUESTIONS 

1. How does a crystal pickup work? 
2. Why should a crystal cartridge be kept out of the show window? 
3. Why' is needle scratch low in a variable-reluctance pickup? 
4. Name two types of dual-play cartridges. 
5. What is the proper way of checking a needle for wear? 
6. Name four jewels used as needle tips. 
7. What is needle talk? 
8. Describe the difference between standard, microgroove, and compromise 

needles. 
9. Why is it desirable to have a highly compliant pickup? 

10. What determines vertical and horizontal friction in a pickup arm? 
11. How can you tell if poor volume is caused by the pickup or the amplifier? 
12. Where will you look for trouble if you get a hum which disappears when 

the phono connection is disconnected from the amplifier? 
13. How do you replace a crystal cartridge which has a two-conductor lead 

soldered to it? 
14. How do you measure vertical and horizontal friction? 
15. What precaution should you take when transporting a record changer? 
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Motors 

Importance of Motor. Since the motor is the driving force of a record 
changer, its operation is vital. Good tone quality and proper reproduction 
cannot be obtained if the record changer is not functioning because of im-

proper motor operation. A sustained note may waver, a voice may sound 
off-pitch, or music may drag or be so fast that all traces of good musicianship 

are lost. Naturally, other parts being worn or defective could have an effect 
on reproduction, but a smooth-running motor, at the proper speed, is the 
basis of satisfactory results. 

Motors used in record players are not complicated pieces of mechanism. 
After a few units have been repaired, the jobs boil down to a matter of 
routinc. 

Spring-wound Motors. Motors used in the portable mechanical phono-

graphs are of the spiral spring type. As such, all repairs are purely mechan-
ical in nature. Where the motor is at fault, it must be removed from the 
case. To do so, the crank must first be taken out of the motor by turning 
counterclockwise, the turntable removed from the motor spindle, the screws 

loosened that hold the motor board in the case, and the entire assembly 
lifted out. 
Governor. The motor in Fig. 1 has its speed controlled by a governor of 

the type used in mechanical motors. The governor consists of two or three 
weights attached to a hinged support. Each weight is mounted on a flat-
strip spring which tends to keep it in close to the motor shaft. 

As the speed of the motor increases, centrifugal force causes the weights 
to move outward. This causes the friction disc to move against the braking 
pad, increasing the load on the motor and tending to slow it down. As the 

90 
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motor slows down, the springs tend to pull the weights inward, thus de-
creasing the hiction between the disc and the braking pad and allowing 
the motor to speed up. As this action continues, the motor tends to revolve 

at a very constant speed. A lever attached to the speed-regulating post 
controls the speed at which governor action occurs. This is accomplished 
by moving the adjusting plate that positions the braking pad. Because the 

governor is mounted on the end of the motor shaft, the turntable drive is 
geared to come off at right angles. In this case the turntable spindle rotates 

and moves the turntable. 

TURNTABLE SPINDLE 

SPEED 
REGULATING 
POST 

BRAKING 
PAD 

END OF GOVERNOR 
MOTOR WEIGHTS 

SHAFT 

SPINDLE 

SPEED REGULATING POST 

SPRING ADJUSTING SPRING 
ADJUSTING FRICTION WEIGHT PLATE WEIGHT 
PLATE DISC MOUNTING MOUNT WEIGHT 

(A) (B) 

F:g. 1. A motor- drive assembly which includes a governor to regulate the speed. (A) Cutaway 

view of two-weight governor, ( 8) three- weight governor. ( Howard W. Sams) 

If the governor is at fault, it will not be necessary to disassemble the 
unit further. Trouble caused by the governor could result in a chattering, 

uneven speed, or noise. 
When replacing a governor spring or weight, it must be exactly the same 

as the original part. This must be so; otherwise the balance will be dis-

turbed and uneven speed will result. A governor is usually held in place 
by a small screw at either end, with the weight being attached to the spring 

in the same manner. 
The brake plate, to which one end of the governor springs attach, must 

be clean and polished. Since the brake pad rubs on this plate, any foreign 
matter or roughness would affect smooth operation. Since the brake serves 
to control the speed rather than to stop the motor, only a small amount 

of friction is required. The brake pad should be clean and soaked with SAE 
IOW oil so that this condition is met. 

Defective Mechanical Motor. The most likely troubles are a broken 
main spring and worn gears. Since few mechanical motors are used, it 
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is difficult to obtain replacement parts. It is best to obtain a replacement 
motor if possible. The best source for this is the manufacturer. Look on 
the motor and the record player to find the name and address of the manu-
facturer of either. Also look for a model number as this will be necessary for 
the manufacturer to identify the item. When writing for the replacement 
motor, it is better to send too much information than too little. 

Electric Motors. By far the majority of motors used are of the electric 
type. The reasons for this are the convenience of not having to rewind after 
each record and the more constant speed obtained. To better appreciate 
this, it might be well to set forth the desired qualities of a motor other 
than those established by the desire for convenience. 

STATOR 

ROTOR 

POL E POLE / STATOR 

1/5 V 

A-C 

SIMPLIFIED DIAGRAM OF MOTOR 
(A) 

SHORTING SHAFT 

LAMINATION 

END RINGS 

CONSTRUCTION OF ROTOR 

(8) 

CONDUCTOR 
BARS 

1, 

ROTOR 
ASSEMBLY 

Fig. 2. An electric motor consists of a magnetic stator and a rotor which revolves on its shaft. 

(Howard W. Sams) 

Constant speed, even under load, is a necessity to avoid variation in 
sound. This also requires that the turntable be driven at full speed almost 
immediately. The motor must be of convenient or small size and light 
weight. The desired long life dictates ruggedness and dependability. To 
produce satisfactory sound, silence and freedom from electrical interference 
are required. 
To understand the operation of the electric motor, the magnetic theory 

will be briefly described. This will assist materially in attacking motor 
problems encountered in practice. 

In an electric phonograph motor, the field or electromagnet portion 
remains stationary and is called the stator. The coil rotates and is called the 
rotor. This is sketched in Fig. 2A. Instead of using a single coil, a rotor 
consists of a number of copper conductors set into grooves in a laminated 
steel core. The ends of these conductors are shorted to each other by means 
of copper shorting rings at the ends, as shown in Fig. 2B. Instead of being 
parallel to the rotor shaft, the conductors are slightly askew. This gives a 
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more even torque and eliminates dead spots from which the motor would 

not start itself. 
The motors used in record changers are of the shaded-pole induction 

type, such as shown in Fig. 3A. The portions of the stator which are closest 

to the rotor are called the pole faces. The normal pole face is modified to 
take a shading coil as shown in Fig. 3B. The pole face is notched and a 

END OF CONDUCTOR BAR 

BEARING BRACKET 
MOUNTING BOLT 

SHAFT 

COIL 

(A) SINGLE -COIL, TWO- POLE MOTOR (13) POLE SHADING HELPS STARTING 

Fig. 3. A shaded-pole induction motor is commonly used in record changers. (Howard W. Sams) 
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copper ring is placed so as to surround the smaller portion, usually about 
one third. This shading coil makes the motor self-starting. The rotor move-
ment can be determined by looking at the shading coils because it rotates 
from the unshaded area toward the shaded portion as shown in Fig. 4. 

Fig. 4. Rotation can be determined by location of shading rings. (Howard W. Sams) 

As the load on the motor increases, the speed of rotation is decreased, but 

a greater rotating force or torque is developed. The motor is designed to 
have maximum torque near the speed at which the record changer is nor-

mally operated. 
The theoretical maximum speed in a two-pole motor is 3,600 rpm and 

in a four-pole motor is 1,800 rpm. Since slippage is necessary, the rotor in 
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a two-pole motor will rotate at about 3,000 to 3,500 rpm, and in a four-pole 
motor at about 1,300 to 1,750 rpm. The speed is determined by the de-
signer and is relatively constant under the load variations imposed. 

Construction Features. A four-pole motor has a lower speed and better 

power. Because of the lower speed, vibration occurs at lower frequencies 

where it is not as objectionable. The physical size of the rotor is larger and 
more easily balanced. Because of the slower speed, a larger drive pulley 
can be used so tolerances do not have to be so close. These extra features 
are more costly since the four-pole motor is more complex than the two-
pole motor. For that reason it is used only in deluxe units. 

(A) 1-COIL,2- POLE ( B) 2-COIL , 2-POLE (D) 2-DOIL A- POLE ( D) 4-COIL,4-POLE 

Fig. 5. Stator and coil arrangements used in phonograph motors. (Howard W. Sams) 

Stators and Coils. Since the coils are wound on the stator, both must 
be discussed together. Figure 5 illustrates coil and stator arrangements used. 
The most common type of construction is the single-coil, two-pole unit 

shown in Fig. 3A. A magnetic bridge joins the ends of the poles. This in-
creases the flux between the shaded portion of one pole and the unshaded 
portion of the other pole, providing a uniform air gap between all portions 

of the stator and the rotor, thus improving the performance of the motor. 
It also cuts down on stray magnetic fields so as to keep extraneous pickup 
in the cartridge to a minimum. 
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Fig. 6. Two-coil, two-pole motor (left) and a two-coil, four-pole motor (at right). (Howard W. Sams) 
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A two-coil, two-pole motor and a two-coil, four-pole motor are shown 
in Fig. 6. The latter unit uses two shading rings. In some cases three pole-
shading rings are used. The additional rings give faster acceleration during 
starting. 

Bearings. To support the rotor, bearings are mounted in the end plates 
of the motor frame. A motor showing the end supports is shown in Fig. 
7. The assembly is exploded in Fig. 8. The bearings are of the sleeve type. 
They arc usually of a porous, oil-impregnated combination generally con-
sidered oilless. To assure proper lubrication, an oil-saturated felt washer 
is often included, as in the case illustrated. In addition, some manufacturers 
specify oiling as a maintenance procedure. 

FINS 

OIL CUP 

BEARING RE TAINER 

FELr WASHER 

BEARING 
BRACKET 04-- BEARING 

BEARING BRACKET 

BEARING 
RE TA/NER 

Fig. 7. The end supports mount on the stator and 

provide bearing support for the rotor. The fan 

on the rotor shaft provides ventilation. (Howard 

W. Sams) 

FELT WA SHER 

— FELT WASHER 
RETAINER 

Fig. 8. An exploded view of the bearing 

assembly. ( Howard W. Sams) 

The bearing retainer is a star-shaped piece into which the bearing fits 
in a manner which allows movement at right angles to the rotor shaft. Thus 
the bearing assembly is self-aligning so that the end plates may be adjusted 
to center the rotor in the stator opening. Where provision is made for ad-
justment, the screws holding the bearing bracket must be loosened. Then 
move the bearing assembly so the rotor is centered, and tighten the screws. 

In more expensive motors ball bearings are used. This allows construc-
tion of a nature where shaft movement along its axis is reduced. Since the 
motor mounts with the shaft in the vertical plane, vertical movement of 
the rotor shaft is reduced. This is of particular advantage in wire and tape 
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recorders because it assures level winding and avoids variations in the 
sound level. 

Other Features. Many motors use a fan arrangement on the end of the 
motor shaft to provide ventilation. Figure 7 shows such an arrangement. 
The shaded-pole induction motor can be stalled for long periods of time 

without causing undue damage. This means the motor is rarely damaged 
when the cycling mechanism jams. 
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(A) PARTS DISASSEMBLED (C) ANOTHER VARIETY OF MOUNT 

Fig. 9. The parts used to isolate the motor from the base of the record player to avoid transmission 

of mechanical vibrations 

Mounting the Motor. Since a pickup converts small mechanical varia-

tions into electric signals that are amplified tremendously, it is essential 
that normal vibrations of the rotating motor do not reach the needle. This 
is accomplished by mechanically shock-mounting the motor. The most 
common method is to mount the motor to the base of the record player by 
means of rubber grommets. This is shown in Fig. 9. The motor brackets 
have relatively large holes into which are inserted the rubber grommets. 
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The mounting screws and any desired spacers or standoffs fit through the 
inside of the grommets and arc secured to the changer base plate. In this 
manner the grommet isolates the metal pieces and absorbs the vibrations 
which exist. The spacers or standoffs are designed so that the nuts may be 
tightened on the screws and not come loose. 
Motor Repairs. The foregoing discussion indicates the relatively simple 

construction used in record-changer motors. The sturdy mechanical fea-
tures assure a minimum of trouble. As a result, the amount of work that 
a serviceman may carry out is definitely limited. At the same time, a little 
experience and the ability to recognize the proper approach can result in 
material savings in time. 

Isolating Trouble. Where the motor does not rotate, it must first be 
determined that it has not been stalled by an excessive load. Rotation of 
the turntable by hand will determine whether or not any part of the changer 
mechanism is jamming. 

L. 

OFF- ON SWITCH ON CHANGER 

PICKUP 

  .J 

CHANGER 

A-C PLUG 

PHONO PLUG 

' 

/15 V 

POWER OUTLET. —1 
ON RADIO CHASSIS 

PHONO 
INPUT POWER 

TRANSFORMER 

ON- OFF sways os 
VOLUME CONTROL  
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Fig. 10. The usual electrical circuit in a record changer. Sometimes the changer is connected 

directly to the power line and phono input without using the outlet on the radio chassis 

Make sure that electricity is being applied to the motor. Be sure the 
trouble is not in the switch or an open lead or connection. Figure 10 shows 
the usual electrical circuit in a record changer. Once the difficulty has been 
isolated as being in the motor, a check should be made to determine 
whether or not the rotor is free to turn. This may be accomplished by 
trying to rotate the rotor with your fingers. If it rotates, the trouble is 
electrical in nature; otherwise it is mechanical. 

Frozen Rotor. If the rotor does not move or is very stiff when turned by 
the fingers, the spacing between the rotor and stator should be checked 



98 Repairing Record Changers 

to ascertain that there is clearance all the way around. If this clearance 
is lacking, the end plates should be loosened and tapped lightly so as to 
properly align the rotor. 
A gumming condition can give the same results. In this case the lubri-

cant turns to varnish and leaves a hard film on the rotor shaft or the bear-
ing surfaces. This film may be removed with emery cloth after taking the 
motor apart. Use care to remove only the film. Both the shaft and the 

bearing should then be polished by means of a crocus cloth. The oil re-
tainers should be washed well with carbon tetrachloride. After the washed 
parts have dried, they may be lubricated with a light, high-grade motor 
oil, such as SAE 10W. Do not use 3-in-1 oil. 

Rust on the rotor or pole pieces can also cause binding. This can be 
located by inspection. The rust may be removed with fine emery cloth, 
after which the rotor should be cleaned with carbon tetrachloride and the 
motor reassembled. 
Worn bearings may cause rubbing between the rotor and stator, or an 

annoying chatter. Badly worn bearings can be replaced if new ones are 

available, but usually the entire motor must be replaced. 
Slow-running Motor. The troubles described above can cause a motor 

to run at slow speed. The proper repair is carried out in the same manner 
as would be used for a frozen rotor. 
Broken shorting rings at the end of the rotor can result in a motor slow-

ing down under load. Soldering to complete the circuit will correct this. 
Crimping the joint may correct the trouble temporarily, but solder is es-

sential for a permanent repair. 
Lamination Buzz. Loose laminations in a motor will often cause a me-

chanical buzzing sound. Tightening of the rivets or bolts will correct this, 
provided it is possible to take up on them sufficiently. 

Magnetic bridges may also buzz. In this case they should be pressed out, 
bent, then replaced in exactly the same position as before. 

Electrical Troubles. A motor with open stator winding will not run. Since 
the coils are wound on a special machine and cannot easily be rewound by 
hand, it is advisable to replace the entire motor. 
A short in the stator windings can cause a motor to run slowly or have 

no pulling power. In this case the windings will probably become hot because 
of the heavy current drain. Where there is more than one stator coil, a 
measurement of the resistance would result in one reading considerably 

less than any other. Again, the motor should be replaced. 
A short between a stator winding and the core creates a shock hazard. 
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In this case the motor shell and possibly the whole record changer becomes 
electrically hot so that it may shock a person. It may also result in continual 
blowing of fuses, particularly if the changer is grounded to the radio as it 
should be. 

Dirty Motor. Where it is found that a motor has been oiled to excess and 

a heavy accumulation of oil, lint, dust, and dirt is on the motor, it should 
be taken apart and washed thoroughly with carbon tetrachloride. After the 

parts have dried, the bearings should be lubricated with SAE IOW motor 
oil and reassembled. 

QUESTIONS 

1. Why do governor weights move outward when a motor speeds up? 
2. What are two reasons for using electric motors? 
3. Describe a rotor. 
4. What is the purpose of shading rings? 
5. How can you tell the direction of motor rotation by looking at it? 
6. What arc the advantages of a four-pole motor? 
7. What is the most common combination of coils and poles in a changer 

motor? 
8. How do you align the rotor if it is off center? 
9. How do you clean a motor that has frozen duc to gumming of the lubri-

cant? 
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Motor Drives 

Variety of Drives. The methods used by different manufacturers to drive 

turntables or record changers are varied. None are complex or elaborate. 
Simplicity seems to be the main thought. The desired result, which is 
driving the turntable at the standard speeds of 78.26 rpm, 33% rpm, and 

45 rpm, must be the same regardless of how it is designed. Turntable speeds 
may be any one of these three or a combination of all. The earlier standard 
speed of 78.26 rpm is generally referred to simply as 78 rpm. With the 
exception of portions of this chapter this broader generalization will be 

used. 
Direct Drive. In the direct-drive system, the turntable is attached directly 

to the motor shaft. In this case the rotor must spin at 78.26 rpm, and the 
design of the motor is the governing factor. Since the turntable has con-
siderable weight, it acts as a flywheel tending to maintain constant speed. It 

is doubtful that such an arrangement will ever be encountered as it is 

seldom used. 
Shaft couplings between the motor and turntable may sometimes be 

encountered. These will generally have some sort of rubber link to transmit 
the power from the motor shaft to the turntable shaft, but they will absorb 
vibrations and sudden speed variations. To obtain proper operation, the 

rubber link must be in good condition. If found to be hard or damaged, it 
should be replaced. A hard strip will not properly absorb vibrations but will 

tend to transmit them. 
Gear Drive. Connection of the motor to the turntable shaft through a gear 

assembly has been used quite frequently, although precision machining is re-

quired in order to have no gear noise or speed variations. Figure 1 illustrates 
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an induction motor with a gear drive. A worm gear on the rotor shaft engages 

a pinion gear. The upper end of the pinion-gear shaft is the seat and spindle 
for the turntable. The worm gear can be fastened to the rotor shaft or can 
actually be cut as an integral part of the shaft. The worm is of steel construc-
tion. The pinion may be a fiber- or linen-base Bakelite to help reduce gear 
noise. There is usually a set-screw adjustment in the housing which holds the 
end of the rotor shaft. This prevents the worm from moving back and forth 
laterally; hence it removes end play. In a gear drive it is necessary to eliminate 
this end play because it could result in momentary changes in speed of a 

turntable. A change in speed results in a wow or variation in the reproduction 
of sound. 

WORM 
GEAR 

TURNTABLE 
SP/ROLE 

PINION 
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Fig. 1. A motor with a 

gear drive 

SPEED CHANGE 
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PINION 

worm- Fig. 2. A gear-drive turntable arranged to play at all three 

speeds. Pinions are shown in neutral position, where motor spins 

without driving turntable 

Two- and Three-speed Gear Drive. Figure 2 illustrates a three-speed gear-
drive mechanism featuring a speed-change spindle. When the spindle is in 

the up position, the standard 78-rpm rotation is obtained. When in the down 
position, either the 33%-rpm or 45-rpm speeds are obtained as determined 
by the setting of the governor control. 

Rim Drive. The rim-drive method is used in practically all home-type 
record players of today and has proven to be most satisfactory. The drive 
is easy to manufacture, and the precision necessary in a gear-drive assembly 

is not required here. Figure 3 shows a rim-drive mechanism with its motor 
and the mounting plate. The end of the motor shaft is used as a drive wheel. 
A larger rubber-tired wheel, known as the idler wheel, is mounted so that 

it presses against the motor shaft and at the sanie time against the turntable 

rim. A spring is connected to the idler arm so that constant pressure can be 
kept against the motor shaft and the turntable rim. The size of the idler 
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wheel has no effect on turntable speed, but serves mainly to prevent slippage 
and absorb vibrations. 
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Fig. 3. A rim-drive mechanism 
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A tight-fitting spring or bushing may be forced over the motor shaft to 
change its diameter and thereby change the speed ratio, as shown in Fig. 4. 
The thicker the motor shaft or drive wheel, the lower is the speed ratio and 
the faster is the turntable rotation. By adding such a bushing or spring, a 

normal 60-cycle motor may often be utilized on 50-cycle current, thus com-
pensating for the resulting slowing of motor speed at 50 cycles. Similarly, 
the addition of a spring to the motor shaft can change 331A-rpm operation 

to 45-rpm operation. 
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Fig. 4. A wheel-assembly drive mechanism showing a spring sleeve installed on the motor spindle 

This changes the speed ratio between the motor shaft and the idler so as to allow the use of a 

60-cycle motor from a 50-cycle source. (Howard W. Sams) 

Dual-speed Rim Drive. Two speeds may be obtained from an arrange-
ment such as shown in Fig. 5. Here two different drive wheels and idlers 
are used to do the job. By using a lever, the upper drive wheel and upper 
idler can be put into service, giving a speed of 331/3 rpm. Changing the posi-

tion of the lever brings the lower set into operation and gives a speed of 
78 rpm. 
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(A) 33i RPM 

Fig. 5. A two-speed drive arrangement 

Three-speed Rim Drive. The three-speed arrangement of Fig. 6 is called 
a turret-type drive because the three idler pulleys are on a single mount. 
This mount is rotated from position to position by means of a speed-changing 
lever. When one of the idler pulleys is against the large idler wheel to give 
the desired speed, the motor shaft is in contact with the lower portion of 
that same idler pulley. The idler wheel in turn drives the turntable rim. 

45 78 33 I/3 
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LINK FOR SPEED 
CHANGING LEVER 

IDLER 
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MOTOR 
MOUNTING 
GROMMET 

SPRING-LOADED SLIDE 
FOR FLOATING IDLER WHEEL 

Fig. 6. A three-speed drive arrangement often called the turret type 

Since each idler pulley has a different radius ratio for its upper and lower 

pulleys, selection of the idler pulley determines the final turntable speed. 
The bottom portions of each idler pulley are identical; hence the radius 

of the top portion indicates the relative speed. Thus, the idler pulley with 
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the smallest upper radius is used for 331,  rpm. The one with the largest 

upper radius is used for 78 rpm. The remaining intermediate-size pulley is 
used to obtain a 45-rpm speed, 

Variations in Mechanical Arrangement. Although there are many other 

pulley and idler-wheel arrangements for motor-driven turntables, you will 
usually be able to figure out how they work at a glance. Only a few more 
examples need be considered to give the experience that builds confidence. 

45- RPM TURNTABLE 33 1/3-RPM TURNTABLE 

33 1/3 
RPM 
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RUBBER MOTOR-
/dot/n(77w GROMMET 

MOTOR 

5' 

Fig. 7. A drive mechanism designed to drive one turntable at 45 rpm and another at 33% rpm 

Figure 7 illustrates a method of driving two turntables simultaneously, 
one at 33 1A rpm and the other at 45 rpm. The motor shaft drives one idler 

wheel which drives one turntable at 45 rpm. A hub on this idler is used as 
a drive wheel to drive the other idler which simultaneously drives the other 

turntable at 33 1A rpm. A single pickup arm is used to Splay the desired stack 
of 7-inch records. 

Another unique arrangement is shown in Fig. 8. Here the motor shaft 
and idler-wheel arrangement is similar to that just described, but a single 

turntable is used. The ratios of wheel diameters are such that turntable 
speeds of 78 rpm and 33 1A rpm arc obtained by selecting the proper position 

of the speed control. The unique feature here is that the turntable has two 
rims. 

For 78-rpm operation the motor shaft drives the left-hand idler wheel 
which engages the larger, or outside, turntable rim. 

When the speed control is positioned for 33V3 rpm, the left-hand idler 
wheel moves to the right. This disengages it from the rim, but still leaves 
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it in contact with the motor shaft. A hub under the left-hand idler wheel 
now drives the right-hand idler wheel and this in turn engages the inside, or 

smaller, rim. 
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Fig. 8. A dual-speed drive system using two rims on the turntable 
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Fig. 9. A two-speed belt-drive mechanism and an illustration of the drive sequence 

Belt Linkage. Another method of obtaining rim drive is to utilize a belt-

linkage mechanism. The belt-drive mechanism, as it is sometimes called, is 

shown in Fig. 9 and consists of a drive pulley connected to another pulley by 
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means of a rubber belt. The rubber belt is made slightly smaller than the 

required size and stretched to secure a good friction fit. The principles in-
volved are the same as previously described except that both wheels linked 
by the belt rotate in the same direction. 

The illustration shows that in the 78-rpm position the motor shaft is 
connected directly to the idler wheel. The motor shaft rotates the idler 
pulley through the belt, but since the idler pulley is disengaged, it has no 
effect. 

To change to the 33%-rpm position, the idler wheel is moved to the right. 
The motor shaft still rotates the idler pulley by means of the belt connection. 
However, the idler pulley is now engaged with the idler wheel causing it 
to rotate at the desired new speed to give the 33%-rpm turntable speed. 

Fig. 10. A three-speed belt-drive mechanism 

Belts can also be used to give a choice of three speeds, as shown in Fig. 
10. In this type of drive, the idler wheel is driven directly by the motor 

shaft to give 78 rpm. To obtain the other speeds, the speed control lever 

shifts the entire idler pulley assembly much as is done in the turret-type 
three-speed drive. 

To obtain the 33%-rpm speed, the assembly is rotated slightly in the 
counterclockwise direction. This disengages the motor shaft from the idler 
wheel and engages the right-hand pulley with the idler wheel. The motor 
shaft now transmits power through the belt to the 33%-rpm idler pulley. 

In similar fashion, the assembly is turned clockwise when the speed control 
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is shifted to the 45-rpm position. Now the motor shaft transmits power 

through the other belt to the 45-rpm idler pulley which in turn drives the 
idler wheel. 

Checking Speed with Stroboscope. If a turntable rotates but you suspect 

that its speed is not correct, this may be checked easily with a stroboscopic 
disc. Improper peed will give the wrong pitch, easily detected by musicians 
but often not even noticed by others. The effect of wrong speed is most 
evident in a spring-wound type of phonograph if the motor is allowed to 

run down while the record is still playing. 

OUTER CIRCLE 45 RPM 

CENTER CIRCLE 33i RPM 

INNER CIRCLE 78 RPM 

LINES APPEAR STATIONARY 
ON CORRECT SPEED WHEN 
VIEWED UNDER NEON OR 
FLUORESCENT LIGHT WITH 
60 CYCLE SOURCE 

Fig. 11. Example of stroboscopic disc used to check turntable speed and variations 

If a turntable alternately slows down and speeds up, the resulting 
variations in the pitch are called wow. Such variations in turntable speed can 
also be detected by means of a stroboscopic disc like that shown in Fig. II. 
These discs arc usually made of paper but vary in size and in markings. 

Some use dots and others use short bars. 
To use a stroboscopic disc, place it on the turntable and turn on the 

motor. Illuminate the disc with an incandescent or fluorescent light or with 

a 2-watt neon lamp. The dots or bars on the disc will appear to be stationary 

if the turntable is revolving at the correct speed. If a movement of the clots 
in a clockwise direction is obtained, the turntable is rotating too fast. If a 
counterclockwise movement is obtained, the turntable is rotating too slow. 

It is well to make a test under actual playing conditions. In this manner 
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the weight of the records and the drag of the needle are taken into considera-
tion. Three different speed checks will give an over-all test. First, the speed 
should be noted with a single record on the turntable. Another check may 
be made with five records on the turntable, and finally a check made with 
ten records on the turntable. In this manner it can be determined whether 
or not loading the machine will cause any radical changes in motor speed 
or operation. Permissible speed variations depend upon the listener. 
Sometimes a cyclic effect can be noted whereby the dots appear to move 

back and forth in an even steady rhythm. This can result from slippage, 
lateral movement of the motor shaft, or an uneven turntable rim. A bad 
meshing of gears could also give a cyclic effect. Remedies are covered near 
the end of this chapter. A stroboscopic disc must be illuminated at the 
frequency for which it was designed. As a result the discs are marked for 
50-cycle or 60-cycle operation. Stroboscopic discs can generally be obtained 
free or at a nominal charge from makers of needles, motors, or other phono-
graph parts. Your local parts jobber can supply this device. 

Test Records. One type of test record includes a standard steady-frequency 

note which will play for a considerable period of time. By listening to this 
through the regular phonograph sound system, any variation in speed can 
be detected as a change in pitch. Some test records include a series of dif-
ferent single frequencies which are of real help to servicemen who have never 
had musical training or who cannot recognize changes in tone. 

Servicing Gear Drives. The gear-type drive is very satisfactory and simple, 

but troubles can occur. Some of the more typical difficulties include worn 
pinion gears and worn bearings. In either case the gear or bearings must be 
replaced. Dried or caked lubrication on the gears is another source of 
difficulty and should be washed off with carbon tetrachloride. A fresh ap-
plication of a light, high-quality grease should then be applied to the worm 
and pinion gears. Excellent greases to use for this purpose are those bearing 
the trade name of STA-PUT or Lubriplate. 

A varnish deposit on the shaft or bearings is another cause of difficulty. 
This results from the use of poor oil on the gear shaft, which should be 
removed by means of a fine emery cloth. The shaft and bearing should then 
be polished with a crocus cloth. During reassembly a few drops of a very 
light top-grade motor oil should be used. SAE 10W is a high-grade lubri-
cant for this purpose and can be purchased from most automobile service 
stations. 

Servicing Rim-drive Mechanisms. Figures 12 and 13 illustrate several pos-
sible defects in a rim-drive system. Idler-wheel difficulties include worn 
bearings that cause the wheel to wobble, defective tires that are either hard 
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and glazed or soft from oil or grease, and tires having indentations that 
cause a thumping during rotation. In all cases the entire idler wheel should 

be replaced. No attempt should be made to repair the idler wheel because 
of the inexpensiveness of the item and the fact that more satisfactory results 

are obtained with a new wheel. 

SPRING TENSION MAY 
BE INSUFFICIENT 

TIGHT 
BEARING 

MAY HAVE 
GREASE 
ON IDLERS 

LOOSE 
SPRING 
IN IDLER 
CARRIAGE 

CARRIAGE PIVOT 
MAY BIND 

GREASE ON INNER 
TOP VIEW RIM OF TURNTABLE 

GREASE OR OIL 
ON RUBBER TIRES 

BINDING 
CARRIAGE 
PiVOT 

Fig. 12. Wow or slow turntable speed may be due to the drive mechanism defects illustrated 

here. The motor, spindle, and turntable are also sources of these troubles 

Indentation of the idler-wheel tire is generally caused by a stalling of the 
turntable while the motor continues to run. In this event it is advisable to 
check the turntable operation thoroughly so that the problem does not 

recur. 
The motor shaft, idler pulleys, idler wheels, and turntable rim should 

be checked for grease, oil, dirt, lint, or any other foreign matter. Alcohol 
is a good cleaning agent. Carbon tetrachloride should not be used on rubber 
as it is a solvent. These surfaces should be kept clean at all times. Slippage 
is due to oil or grease being present on any of the drive units. 

A wow or rumble in reproduction will be caused by a turntable rim that is 

MAY BE 
DEFECTIVE IDLER 

ruRNTABLE MAY BIND IN 
BEARING MAY IDLER BEARING 
BE DEFECTIVE 

INNER RIM OF 
IDLER MAY TURNTABLE 
BE ROUGH MAY BE ROUGH 

Fig. 13. Illustration of drive mechanisms 

that may cause rumble. Note that turn-

table defects can also cause this trouble 

MAY BE GREASE 
ON IDLER DRIVE BELT 

MAY BE 
SPRING MAY STRETCHED 
HAVE INSUFFICIENT 
•TENSION 

MOTOR MAY 
BE DEFECTIVE 

Fig. 14. In a drive mechanism that utilizes a 

belt drive, the belt is an additional source of 

wow or slow turntable speed 
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dented or out of round. Since it is almost impossible to hammer a turntable 
to its original shape, it should be replaced. 

In servicing the rim-drive mechanisms, caution should be taken when 
lubricating the idler wheel. A drop of light motor oil, SAE 10W, is enough. 
In the event that there are felt washers which go on the idler shaft, the oil 
can be applied to those washers. As previously indicated, if any oil gets on the 
idler-wheel tire or turntable rim, it should be washed off immediately with 
alcohol. 
The sanie type of difficulties apply to belt-drive arrangements except that 

the rubber belt is now an added item to consider. A stretched belt may be 
a cause of wow in such a system, as shown in Fig. 14. 

General Service Hints. In repairing or adjusting motor drives, it is es-
sential to keep in mind the necessity of doing a thorough job. The parts must 
be clean and free from excess oil. It is perhaps better to lubricate too little 
than too much. It is a good thing to remember that oil has a very bad effect 
on rubber. Never hesitate to clean any of the parts involved with alcohol. 

Parts that show signs of wear or age should be replaced. The result will 
be a smoother-running job, which will be evidenced when the stroboscopic 
disc is used to check the speed. Be sure the motor is floating and free from 
any surrounding objects. 

QUESTIONS 

1. Name the three normal turntable speeds. 
2. What is the common type of turntable drive mechanism? 
3. Describe a three-speed rim drive. 
4. What is the difference between the direct rim drive and a belt-linkage rim 

drive? 
5. How do you use a stroboscope disc? 
6. What method other than the stroboscope disc can 'ou use for checking 

turntable speed? 
7. If a thump is heard when the turntable rotates, how would you fix it? 
8. What is the effect of oil on a rubber idler wheel? 
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Tripping Mechanisms 

Power Drive to Change Records. In a record player, the motor serves only 

to drive the turntable. In a record changer, however, the motor also per-
forms the task of changing the records. 

If the turntable is fastened to the record spindle, a gear can be placed 
on the spindle for delivering power to the record-changing mechanism. In 
practice it is often desirable to keep the spindle stationary, so that it does 
not rotate with the turntable. In this case the gear is put on the hub of the 
turntable, and a hole is placed through it so the spindle fits inside yet re-
mains independent. A turntable with a hub gear is shown in Fig. 1. Since 

SPINDLE 

TURNTABLE HUB GEAR 

SPINDLE 

Fig. I. A turntable with a hub gear. The spindle fits freely inside the hub so that the turntable 

will rotate independently of it 

this hub gear is usually smaller than the gear it drives, it is often referred to 

as a pinion gear. 
The customary means of operating the changing mechanism is to use a 

drive gear which may or may not have a cam mechanism built into it. This 

drive gear meshes with the hub gear of the turntable. 
111 
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Requirement for Trip Mechanism. Since the changing mechanism is used 

during only a portion of the operation, there must be some sort of clutch 
arrangement whereby the gears or wheels can be engaged or disengaged while 
a record is being played. It is for this purpose that the tripping mechanism 
has been designed. When the record is finished playing, a tripping mech-

anism must engage the clutch to start the changing cycle which in turn 
removes the pickup arm from the record, drops another record into position 
on the turntable, brings the pickup arm back, and sets it down in the start-
ing groove of the record. This chapter will tell how these clutch and trip-
ping mechanisms work, how they can get out of order, and how they are 
fixed. 

Mutilated-clutch Mechanism. One of the simple methods of disengaging 
the gears of the changing mechanism is to cut away or mutilate a section 

of the larger drive gear. Now the hub gear can rotate without contacting 
the drive gear. 

LUG ON 
TURNTABLE . 
HUB 

MUTILATED 
SECTION 

TURNTABLE 

CLUTCH PAWL 

DRIVE 
GEAR 

TRIP 
FRICTION 
WASHER 

DRIVE 
GEAR 

LUG ENGAGES 
PAWL TO MOVE 
DRIVE GEAR 

Fig. 2. A simple clutch arrangement where the drive gear has o mutilated section and a lever is 

used as a clutch 

In order to operate the drive gear during the changing cycle, it is then 
necessary to provide a means of meshing the two gears. If a projection is put 
above the hub gear in such a manner that it will contact another projection 

on the top of the drive gear, as in Fig. 2, a means of meshing the gears is 
provided. The drive gear has a mutilated section for disengaging the gears 
between cycles. A movable lever called a pawl is mounted on the drive 

gear. To engage the gears, the pawl on the drive gear is pushed outward by 
a part of the tripping mechanism. Now when the offset on the hub gear 
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comes around again, it catches on the pawl. This turns the drive gear far 

enough so that the teeth of the hub gear and the drive gear mesh. As the 
turntable rotates, the drive gear is caused to go through one revolution. If 
the pawl on the drive gear is now drawn back toward the center, the drive 
gear will rotate to the point where the mutilated section is again opposite 
the hub gear. The two gears are now out of mesh or disengaged, and rotation 

of the drive gear is stopped. 
If the load on the drive gear is sufficiently heavy, it will not coast past the 

mutilated section. If the load is light, it may be necessary to provide a means 

of stopping the drive gear in the proper position. This may be accomplished 
by some sort of detent action. One method is illustrated in Fig. 3 where a 

roller on the end of a spring-loaded lever fits into a notch cut in the edge of 
a protrusion on the drive gear. 

Gravity-type Clutch Mechanism. Another possible arrangement of gears 

is to place one above the other and provide some means of connecting the 
two. Figure 4 shows such an arrangement where two gears are placed one 
above the other on the same axle. The lower gear has a freely pivoted 

Hal OR 
PINION GEAR 

DRIVE 
GEAR 

MUTILATED 
SECTION OF 
DRIVE GEAR 

SPRING 

DRIVE GEAR 
STOP LEVER 

DETENT 
NOTCH 

Fig. 3. A drive gear for the changing mechanism which 

uses a detent action to assure that it stops in the proper 

place after completing the cycle 

CYCLING 
CAM 

Fig. 4. An over-and-under type of 

drive using a gravity-type pawl to 

engage the two gears. Right end of 

pawl is heaviest 

pawl rigidly fastened to it in such a manner that one end is heavier than 
the other. Thus the heavy end normally drops and the opposite end rises. 
The light end of the pawl is shaped so that it will fit into any one of the teeth 

cut in the lower face of the upper gear. 

When the pawl is in its free position, the two gears are locked and rotate 
together. Another part of the changing mechanism is used to hold the light 
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end of the pawl away from the upper gear when they are to be disengaged. 
This principle is used in some mechanisms as a drive feature. 

Actuating Mechanisms. The actuating or tripping mechanisms which 
are used to operate the clutch assembly consist of three types. These types 
are the position trip, the eccentric trip, and the velocity trip. 
The position trip operates when the pickup arm has reached a specified 

distance from the center of the record. Usually this occurs at about 17/8 
inches out from the center of the record. 
The eccentric trip is actuated by the eccentric movement of the pickup 

arm when it is in the fast-finishing grooves at the inside of a record. When 

the needle enters the fast-finishing grooves, the pickup arm moves quickly 
toward the center of the record, then outward again for a small portion, then 
in again. The eccentric trip utilizes the change in motion from an inward 
direction to an outward direction. 
The velocity trip works on the basis that when the record is playing, the 

pickup arm moves slowly toward the center of the record, but when the 

record is completed, the pickup arm moves rapidly inward due to the fast 
finishing grooves. The velocity trip utilizes this rapid movement to actuate 
the clutch mechanism. 

Variations and Combinations. Almost any possible combination of the 

clutch and actuating mechanisms may be used in record changers. How-
ever, once you know how each type of clutch and each type of trip works 
by itself, you will be able to figure out and repair any of the combinations, 

no matter how new they may look at first glance. 
Some newer models of record changers use switches and electric solenoids 

to operate various mechanisms. The solenoid is a positive device which 
eliminates the possibility of uncertain action. Both switches and solenoids 

initiate tripping in the same way as is done by the reject button on changers. 
A switch can be incorporated in any of the trips that will now be taken 
up. 

Position Trip. The position trip was frequently used in the early changers, 
but because of its limitations it is seldom used today. Some manufacturers 

used the position trip in conjunction with the eccentric trip on the same 
changer. 
One example of the position trip which initiates recycling when the 

pickup arm is about 17, inches from the center of the record will be con-
sidered here. 

Position-trip Mechanism. Power from the motor is delivered to the rim 

of the turntable by means of a conventional idler-wheel rim drive. The 
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SPINDLE SPRING 

NUS GEAR DRIVE GEAR 
STOP LEVER 

LUG 
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OF DRIVE GEAR 

CLUTCH PAWL 

CLUTCH PAWL 
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TRIP LEVER 
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STOP 

_ROLLER 

NOTCH 

TRIP 
LEVER 

OH/VE GEAR 

Fig. 5. In the neutral position of the trip lever it holds the clutch pawl above the lugs on the 

hub gear, so the lugs do not hit it as they turn during the playing of a record 

TURNTABLE 

CHANGER 
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PO/NT 0 TRIP SHOE 

SPINDLE 

HUB GEAR 
LUG 

CLUTCH 
PAWL 

TRIP LEVER 

DRIVE 
GEAR 

PIVOT 

TRIP PAWL 
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ARM LEVER 

PICKUP 
ARM SHAFT 

SPINDLE 

HUB GEAR 

LUG 

CLUTCH 
PAWL 

HEAVY 
END 

PIVOT 

TRIP 
LEVER 

HOW PINION LUG 
STARTS DRIVE GEAR 

Fig. 6. When file trip lever releases the clutch pawl, the heavy end falls, allowing it to contact 

one of the hub-gear lugs and start the change cycle 

record spindle, which rotates with the turntable, has at its lower end a hub 
gear that serves to transfer power to the changing mechanism when the 
pickup arm reaches the tripping position at the end of a record. 
The neutral or record-playing position of the trip system is shown in 

Fig. 5. The hub gear has two lugs which are directly opposite each other. The 

drive gear has about half a dozen teeth left out directly opposite the hub 
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gear when the drive gear is in its neutral position. In neutral the trip lever 
holds the clutch pawl above the lugs on the hub gear, so that these lugs 
cannot hit anything as the hub gear rotates with the turntable. When the 
pickup arm moves toward the center of the record, the pickup-arm lever 
shown in Fig. 6 moves also. The pickup arm is clamped to the upper end 
of a shaft and the pickup-arm lever is clamped to the lower end. The shaft 
thus acts as a pivot. As the needle reaches a point about 17/8 inches from the 
center of the record, the trip shoe on the pickup-arm lever hits the trip 
lever at point O. This forces the lower end of the trip lever clockwise. The 
other end of the trip lever also moves clockwise out of position so that there 
is now nothing on the lower end of the clutch pawl. The weight of the 
upper end of the clutch pawl now makes this end drop down against a stop. 
This is just far enough so that one of the lugs of the rotating hub gear comes 
in contact with the pawl. 

TRIP 
LEVER 

When the hub-gear lug hits the pro-
SPRING 

jecting clutch pawl on the drive gear, 
it moves the drive gear enough to al-
low the teeth of the hub gear and the 
drive gear to engage. This starts the 

CLuWL rcw change cycle. One complete revolu-
tion of the drive gear gives an entire 
change cycle. 

PICKUP  ARM SHAFT During this revolution the clutch 
PICKUP ARM LEVER pawl and trip lever are reset auto-

matically, so that as the drive gear re-
turns to the neutral position, the lugs 

on the hub gear will not engage the clutch pawl. As the drive gear rotates, 
the trip lever is returned to its rest position by the pull of the trip-lever 
spring. The heavy end of the clutch pawl is still hanging down. The light 
end of this pawl is hence hanging forward toward the outer edge of the 
drive gear. When the drive gear approaches the halfway mark in its cycle, 
this light end contacts the flat edge of the pickup-arm lever, as in Fig. 7. 
This pushes against the clutch pawl forcing it back so that the trip lever 
catches it. 
Upon completion of the cycle a lever and roller assembly drops into a 

notch in the drive gear to prevent it from coasting past neutral, as shown 
in Fig. 5. 
When the control knob of this mechanism is set to REJECT, the control 

slide, shown in Fig. 8, is pulled to the left. This shifts the connecting link 

Fig. 7. The edge of the pickup-arm lever 

resets the clutch pawl 
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in such a manner that the manual reject slide is pushed upward. The reject 

contact, which is a lip on the manual reject slide, pushes a stud on the trip 
lever causing it to rotate clockwise. This releases the clutch pawl and the 
changer cycles. The control-slide spring returns the linkage to its rest posi-
hon as soon as the control knob is released. 
Manual Play. It is customary to provide a control knob position allowing 

a record changer to be set in a MANUAL play position. In this position the 

record changer acts like a record player, and will not change records auto-
matically. This is done by providing a means of keeping the clutch from 
actuating. 

FOR MANUAL OPERATION 
THIS SURFACE MOVES BACK 
ro HOLD CLUTCH PAWL 
FROM DROPPING 

CONrRoL 
KNOB 

START 

Fig. 8. A reject mechanism for the position trip. The reject contact pushes the trip-lever stud, 

moving the trip fever clockwise 
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LEVER 

TRIP LEVER 
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CURVED SLOT CONTROL SLIDE 

CONNECTING 
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In Fig. 8 operation of the control knob to the manual position moves the 
linkage, so that the manual reject slide moves down. A tab at the upper end 

of the manual reject slide catches the clutch pawl. When a record has fin-
ished playing and the trip lever is caused to move clockwise away from the 
clutch pawl, the tab on the manual reject slide keeps the clutch pawl from 
dropping. Hence, the record changer will not cycle. 

Limitations of Position Trip. This is perhaps the simplest of the various 
tripping mechanisms, but it has its limitations. The mechanism will trip 
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when the needle is at a point 1 inches from the center of the record. If 

playing an older record that has a short recording and no eccentric finishing 
groove, the needle will never reach a point 17/i inches from the center of the 

record. This means that the mechanism will not trip for that record. On 
the other hand, if playing a longer recording which has been cut in closer 
to the center than the 17, inches trip point, the mechanism will trip before 
the recording has been finished. 

Eccentric Trip. The key to the eccentric trip is the operation of a ratchet-

type mechanism. The eccentric trip works on the basis that as the pickup 
arm moves outward in the eccentric finishing grooves, the trip mechanism 
is actuated. 

TRIP LEVER 

'SPRING 

TRIP PAWL 

TEETH 

PICKUP ARM LEVER 

Fig. 9. An illustration of the eccentric trip. 

The pickup-arm lever can move downward 

freely, but reversing the movement will cause 

the trip lever to move upward 

Thus, it is desired to have a mech-
anism which does not function as 
the pickup arm moves toward the 
center of the record but works in a 
positive manner as the pickup arm 
reverses its direction. A mechanism 
which provides this type of action is 
illustrated in Fig. 9. This mechanism 
consists of a pickup-arm lever with 
teeth along a portion of one edge. A 
trip pawl is hinged or pivoted on a 
trip lever in such a manner that it is 
in contact with one tooth of the 
pickup-arm lever. A light spring ac-
tion assures that the pawl is in con-
tact with the pickup-arm lever at all 
times. 
As the lever is caused to move in 

a clockwise or downward direction, 
while the trip lever remains station-

ary, the pawl moves from one tooth in to the next. The further the pickup-
arm lever moves, the further the pawl is from the lower end of the lever. 
Because of the very light spring action, the pawl exerts practically no force 
so that the pickup-arm lever is not retarded by it. 
When the pickup-arm lever reverses its direction, as the pickup arm re-

verses in the eccentric finishing grooves, the sharp edge of the pawl catches 
in a tooth and cannot slip out. As a result, the pawl and trip lever will be 
forced in an upward direction if provisions have been made so that they can 

move. 
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Eccentric-trip Mechanism. The pickup arm is rigidly attached to the 
pickup-arm lever. When the pickup arm moves toward the center of the rec-

ord, the pickup-arm lever moves in a downward direction and is not retarded 
by the pawl. However, as the pickup arm begins its oscillatory motion when 
it reaches the eccentric groove, the backward motion causes the pickup-arm 

lever to move upward, thus pushing the trip lever. This trips the clutch 
that starts the changing cycle. Since there is no question about the action of 

this mechanism when the pickup arm reverses direction, it is often called 
a positive-type trip. 

Operation of Eccentric Trip. By addition of an auxiliary trip shoe, as in 
Fig. 10, the record changer described for position trip will have an eccentric 
trip as well. This insures that both old and new records will trip the changer, 
regardless of whether they have eccentric finishing grooves. 

TRIP 
PAWL 

AUXILIARY 
TRIP SHOE 

PICKUP ARM LEVER 

PICKUP ARM SHAFT 

F;g. 10. The addition of a saw-toothed edge to combine with the trip pawl forms a ratchet and 
provides an eccentric trip 

As the pickup arm follows the record grooves toward the center of the 
record, the pickup-arm lever moves in a clockwise direction. The trip shoe, 
which has a saw-tooth edge, contacts the trip pawl after a portion of the 

record has been played. The point at which the two pieces first madc 
contact is about midway in the playing of the record. There is very little 
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friction between the trip shoe and the pawl as the pickup arm moves toward 
the center of the record. As a result, there is practically no loading effect on 
the pickup arm, and it is allowed to move freely. 
The ratchet-type mesh between the trip shoe and the trip pawl is such 

that if the pickup-arm lever moves toward the outside of the record, the 
trip pawl and trip shoe are rigidly connected. This makes the pickup arm 
move the trip lever, releasing the clutch pawl. The pawl then drops by gravity 
and starts the change cycle in exactly the same way as it does for the posi-

tion trip. 
Variations in Eccentric Trip. Another example of the eccentric or positive-

type trip mechanism is shown in Fig. 11. This changer also demonstrates a 
unique difference in the drive arrangement. 

The hub gear on the turntable 

CONTROL 

CONTROL KNOB/ 

shaft of this changer has a spiral 
ARM groove rather than the more com-

FOLLOWER PIVOT mon pinion gear. A follower is 
FOLLOWER 
LINK shaped so that it rides in the groove. 

CONTROL LINK As the turntable rotates, the follower 

moves up and down in the endless 

ARM SHAFT spiral groove. Six turntable revolu-
FOLLOWER tions produce one up-and-down cy-

TRIP LINK 
ele of the follower. The follower is 

TRIP ROO 

arranged so that it engages with the 
worm only during the change cycle. 
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Fig. 11. A positive or eccentric trip which in- to a control link-. When the control 
cludes use of a worm drive gear 

knob is moved to the REJECT 

WORM 

PICKUP 

BOTTOM BOTTOM VIEW 

PICKUP 
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tion, as illustrated, the control link pushes the trip rod counterclockwise 
away from the follower. The follower is pivoted off center so that its heavy 

end falls. As a result, the follower tilts counterclockwise and engages the 

spiral groove or worm. 
If the record changer is in operation, the pickup arm causes the positive 

trip to work by means of the ratchet action between the pickup-arm lever 
and a flat plate on the trip rod. The eccentric motion of the pickup arm as 

it follows the finishing groove of the record causes the pickup-arm lever to 
pivot the trip rod in a clockwise direction. The pivoting action of the trip 
rod causes the trip link to turn. As in the case of manual rejection, the 
rotation of the trip link moves it away from the follower, allowing it to 
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contact the worm gear. The follower then transmits the power to the record-
changing mechanism through the follower link. 
The change cycle lasts for the time it takes the follower to move down-

ward to the bottom end ( the upper portion in the diagram) and then back 
up to the other extreme. As the follower moves up toward the record at 
the end of the cycle, it moves off the worm gear and is latched by the trip 
link which has been returned to its rest ( clockwise) position. 

Other Combination Position and Eccentric Trips. Many changers use a 
combination of the eccentric and position trip. Combining the two types of 
trips does not make the mechanism more complicated because proper loca-
tion of the trip piece is all that is necessary to add the position-trip feature 
to the eccentric trip. 

In one such arrangement the pickup arm is rigidly fastened to a pickup-
arm shaft and pickup-arm lever, shown in Fig. 12, which follow the move-

ment of the arm across a record. At one end of the pickup-arm lever 

is a trip shoe which acts as part of a ratchet. This trip shoe engages the 
trip pawl after the needle has covered the major portion of the record, 
as shown in Fig. 13. 

When the needle moves back out in the eccentric groove at the end of 
a record, the trip pawl catches on the trip shoe and is pushed to the right. 

The fulcrum of the trip lever is at the bottom; hence the lever moves slightly 
to the right in a clockwise direction when the tip of the trip pawl is moved to 
the right. This motion closes the trip switch contact at the extreme right-

hand edge of the lever energizing the solenoid. 
The solenoid in turn pulls the end of the clutch-release arm. This causes 

the clutch-release arm to rotate clockwise. The upper right end of the clutch-
release arm moves away from the clutch pawl. The pawl spring can therefore 
pull the clutch pawl in a counterclockwise direction so that the tab at the 
right end of the clutch pawl engages the turntable drive wheel. The turn-

table drive wheel rotates with the turntable. The clutch pawl is fastened 

to the drive sprocket by its pivot; hence this action causes the drive sprocket 
to rotate with the turntable drive wheel. The drive sprocket is meshed with 
the idler sprocket, which in turn drives the changing mechanism through 
the drive chain. 

The position-trip portion of the mechanism does not depend on the 
eccentric groove at the end of the record to activate it. When the needle 
is approximately U;.; inches from the center of the spindle, the position-

trip adjustment screw contacts the lip of the trip lever. Further movement 
of the pickup-arm lever causes the trip lever to move sufficiently far so that 
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the switch makes contact. This action depends upon the proper shaping 

and positioning of the parts and does not require anything extra except 

the adjustment screw. 
The illustrations show the clutch-release arm in a simplified form. It is 

actually separated above the pivot, forming two pieces. When the pickup-
arm lever moves clockwise during the change cycle, the trip switch is 
opened and the spring on the lower half of the clutch-release arm pulls it 

back to the position shown in Fig. 12. The upper half remains away from 

the clutch pawl. 
Not shown in this diagram is a timing sprocket driven by the drive chain. 

The timing sprocket controls the pickup-arm cycling and is located near 
the pickup-arm shaft. A reset stud on the timing sprocket contacts an ex-

tension of the top half of the clutch-release arm, and moves it so that it 
again contacts the clutch pawl. This disengages the clutch pawl. 

Defective Position Trip. If the trip shoe is incorrectly set, the mechanism 

may trip too early or not at all. Where the trip shoe is adjustable, the screws 
holding it should be loosened. Then adjust it so that when the needle is 
1% inches from the center of the record, the trip shoe pushes the trip lever 

sufficiently to actuate the clutch mechanism. Some mechanisms have an 
adjustment screw for this purpose, as is the case of Fig. 12. 

If the trip shoe must be moved more than a fraction of an inch, the 
trouble is likely to be elsewhere. If the trip lever looks normal, it is likely 

that the pickup-arm lever has slipped in relation to the pickup arm. Locate 
the point of slipping by trying to gently move the pickup arm laterally 

while the pickup-arm lever is held steady. Pay particular attention to the 
points where the pickup-arm shaft is attached to the pickup arm and to 
the pickup-arm lever. Loosen the pickup-arm lever on the pickup-arm shaft. 
A screw is usually used for this purpose. Set its position in respect to the 
pickup arm so that the trip will actuate when the needle is 1% inches 
from the center of the record. Tighten the pickup-arm lever to the pickup-

arm shaft. Be sure that the connection has been tightened at the point that 
gave trouble. 

Defective Eccentric Trip. A broken or rounded tooth on the trip shoe, a 

bent or rounded edge on the trip pawl, or a broken or weak pawl spring will 

cause failure to trip in an eccentric mechanism. Light filing to reshape the 
metal piece will assure a good ratchet action. Improper spring action can 
be corrected by replacement, covered in detail later in this chapter. 

Continuous Cycling. Binding parts or a weak spring are likely causes of 
continuous cycling. Binding is usually a result of burrs or dirt and must be 
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corrected by removal of the fault. A burr can be removed by filing, polish-
ing with a crocus cloth, and then cleaning with carbon tetrachloride. Dirt 
can usually be removed by a liberal application of carbon tetrachloride. 

In Fig. 5 continuous cycling may be caused by binding of the clutch 

pawl because of a burr on either it or the trip lever, dirt in the pivot or 

the hole through which the clutch pawl protrudes, or a weak trip-lever 



124 Repairing Record Changers 

spring. The changer will also recycle if the roller does not stop the mutilated 
section of the drive gear opposite the hub gear. A binding drive-gear stop 
lever or a weak spring are possible sources of this trouble. If the control 
slide of this changer binds ( Fig. 8) so that the spring cannot bring it back 
to the automatic position after it has been made to reject, the trip lever 
will be held in the trip position. In this case the slide should be lubricated 

after the cause of the binding has been removed. 
The mechanism shown in Fig. 12 will trip continuously if it has a weak 

spring holding the clutch-release arm or if there is a defect in the switch. 

A short would be evidenced by a continual operation of the solenoid so 

that the clutch-release arm is constantly attracted. 
In any trip trouble in this changer the electrical circuit should be checked 

to see that the switch and solenoid operate properly and that the proper 
voltage is applied to the circuit. A diagram of the electrical circuit is shown 
in Fig. 14. A quick check of the operation can be made bv manually clos-

ing the switch contacts to see if the solenoid attracts the clutch-release arm, 

and then releasing it to sec if the clutch-release arm is released. 
Velocity Trip. The velocity trip derives its name from the fact that the 

trip mechanism reacts to the rapid inward motion of the pickup arm as 
it follows the eccentric groove in the center of the record. This trip is unique 
in that a record changer which utilizes it can be used to play records from 

the inside out. This is necessary for manually playing many home-type 

recordings. 
The key principle of the velocity trip is a friction coupling somewhere in 

the trip mechanism. The usual velocity-trip mechanism uses a pickup-arm 
lever fastened to the shaft of the pickup arm. Thus, as the pickup arm 

moves to the center of the record, the pickup-arm lever moves inward. This 
action is transmitted to a pawl or other coupling device which links the 

two gears when the change cycle is to begin. Because of the friction con-
nection, small movement is taken up during the playing of the record so 

that as the pickup arm moves slowly inward, no action takes place. How-
ever, when the pickup arm moves rapidly inward while in the eccentric 

finishing groove, the friction connection is subjected to a sufficiently sudden 
force that the clutch is actuated. 

Velocity-trip Mechanism. First it will be shown how the power is trans-
mitted from the motor to the drive gear. Then the tripping mechanism will 
be discussed to show how the power is applied to the cycling cam so that 

the entire change cycle is completed. 
Figure 15 is a cutaway view of a record changer with the turntable and 
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base mounting plate removed. For the purpose of this discussion it must 
be assumed that the turntable is in place on the spindle because the hub 

under the turntable is a gear which engages the large idler gear. 
Power from the motor shaft is transmitted through the rubber-tired idler 

wheel to the rim of the turntable. The hub gear under the turntable is 
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Fig. 15. A frequently used velocity-trip mechanism 
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Fig. 16. The velocity-trip assembly keeps the pawl from engaging the drive gear until the 

needle enters the finishing groove 

meshed with the large idler gear, which in turn has a gear on its hub 
located underneath it. This small idler gear is meshed with the drive gear. 
Since these parts are always in contact or meshed with each other, the 

drive gear is revolving as long as the motor is running. 

The drive gear is mounted directly above the cycling cam and on the 
same stud, as shown in Fig. 16. On the top surface of the cycling cam there 
is a clutch pawl. This is a pivoted piece weighted slightly more at one end 
than at the other. Directly above this clutch pawl, and cut into the bottom 
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of the drive gear, is a series of notches. Each notch is shaped so that the 
tip of the clutch pawl can seat in it. 

The clutch pawl is kept from entering one of these notches by the hook 
that is on the end of the trip-lever assembly. The moment this hook is 
knocked out of the way, the clutch pawl is free to move. Since it is pivoted, 
the heavy end will drop down while the light end rises. The light end 
engages one of the notches underneath the drive gear and in this manner 
provides the link for power to be transferred to the cycling cam. 

Operation of velocity Trip. By referring once again to Fig. 15, the action 
of the tripping mechanism can be followed as it is discussed. The pickup-
arm shaft has a disc fastened to it by means of set screws. This pickup-arm 
raising disc is used to raise the pickup arm during the changing cycle. The 
pickup-arm lever rests on the shoulder of this pickup-arm raising disc and 

is held in place by the clutch weight. This weight and the friction between 
pieces is sufficient so that the pickup-arm lever will follow the movement 

of the pickup arm. If the pickup-arm lever is held so that this friction is 
overcome, it will slip in relation to the pickup-arm shaft. 
As the pickup enters the grooves of the record and starts to play, it will 

move toward the center of the record, causing the pickup-arm lever to 

follow. When approximately two-thirds of the record has been played, 
the pickup-arm lever will come into contact with the trip lever. 

As long as the movement of the pickup arm toward the center of the 
record is less than 1/8 inch in 1/2 revolution of the turntable, it will not move 
the trip lever sufficiently to release the clutch pawl. The reason for this 

is that the drive gear has four points evenly spaced around the edge which 
serve to prevent it from tripping. The small inward movement given to the 
trip lever by the pickup-arm lever as the regular grooves of the record are 

played is compensated for by these points which push the trip lever back. 
Thus the trip lever holds the clutch pawl in the rest position. Since the 
pickup-arm lever is dependent on friction for its movement, it will not 
continue to move in but will remain in contact with the trip lever. How-
ever, when the pickup arm enters the eccentric groove, its movement is 

rapid, and the trip lever is given a sufficiently large and quick inward push 
so that it releases the clutch pawl. The clutch pawl engages the drive gear, 

causing the changer to go through its cycle. 
As the cycling cam goes through its cycle, the trip lever is moved back 

to its normal position by the points of the drive gear. When the clutch 
pawl completes one revolution, the hook on the trip lever disengages thc 
clutch pawl from the drive gear so that the cycling cam stops. The pickup-
arm lever is returned to its proper starting position during the cycle. 
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Since the pickup-arm lever is just held in place by the friction of the 
clutch weight, no undue side pressure is placed upon the needle in the 

groove of the record. 
Manual operation of the reject mechanism is initiated by pushing the 

control knob to the REJECT position. As shown in Fig. 17 this moves the 
reject lever clockwise so as to pull the hook on the trip lever away from 

the clutch pawl. The mechanism trips in the same manner as just explained. 
A flat spring on the reject lever causes it to return to its rest position when 
the control knob is released. 
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Fig. 17. Movement of the control knob 
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Variation in Velocity Trip. A variation of the velocity trip utilizes a 

solenoid action. As the turntable rotates, the hub gear does not contact 
the drive gear because of a segment which is cut away. 
When the solenoid is activated, it attracts the trip-lever assembly. This 

assembly is an odd-shaped lever with the fulcrum in the center, as shown 
in Fig. 18. As the right-hand portion of the trip-lever assembly is attracted 

to the solenoid, the upper portion moves in a clockwise direction. This 
releases the clutch pawl. 
The left-hand end of this clutch pawl is held by a spring which exerts a 

force in a clockwise direction. As the trip lever is activated, it allows the 
clutch pawl to move. Thus the pawl is caused to move in a clockwise di-
rection due to the spring tension. This pawl then moves sufficiently far 

to engage the hub gear of the turntable as it rotates. 

Since the clutch pawl is rigidly fastened to the drive gear, the hub gear 
imparts a motion to it, causing the drive gear to commence rotating. This 
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action is sufficient to carry the drive gear to the point where the drive-gear 
teeth engage those on the hub gear. Thus the drive gear is rotated through 
its entire revolution. As the drive gear rotates, the changing cycle takes 
place and the pickup-arm lever moves away from the trip switch. Hence 
the trip action is released. 

In operation, as the pickup arm moves toward the center of the record, 
the pickup-arm lever and clutch weight move continually toward the cen-
ter of the changer, or in a counterclockwise direction. The pickup-arm lever 
comes into position to contact the trip switch after about two-thirds of the 
record has played. This switch completes the circuit through the solenoid. 
To avoid premature tripping, the pickup-arm lever is kept away from 

the switch until the pickup has reached the fast-finishing grooves. A geai 
is mounted so that it is driven by the hub gear. A stud is mounted off 
center on this gear so it describes an eccentric motion as it is driven. Once 
each revolution the eccentric action tends to push the pickup-arm lever 
back to normal position. 

Since the pickup-arm lever is driven only through the friction of the 
weight, the pickup-arm lever slips each time the eccentric wipes it. How-
ever, during the fast-finishing grooves the pickup-arm lever moves in rapidly 
enough so that it trips the switch before the eccentric can complete its 
revolution and push it back. The pickup-arm lever contacts the trip switch. 
This grounds the electrical circuit, completing it and activating the solenoid. 
Once the trip has been activated and the drive gear revolves through its 

revolution, the pickup arm returns to the beginning of the next record and 
the switch opens. The solenoid then releases the trip lever, allowing it to 
return to its rest position. 
As the drive gear completes the cycle, the trip lever contacts the clutch 

pawl, keeping it in its normal or counterclockwise position. When the open 
segment of the drive gear comes opposite the hub gear of the turntable 
assembly, there is no further meshing action. Because of the relatively 
heavy loading on the drive gear, it will stop almost immediately, thus com-
pleting the cycle. 

Resetting of Pickup-arm Lever. The pickup-arm lever is pushed back 
(clockwise as viewed from below) in respect to the pickup arm as the last 
part of the record is played. Hence, to reset it for use when the next record 
is played, it must be pushed ahead. As the pickup arm moves to the outside 
during the change cycle, the pickup-arm lever moves with it. About two-
thirds of the way the pickup-arm lever strikes a stud which keeps it from 
traveling further. Since the pickup-arm lever follows the pickup arm only 
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because of friction, the pickup-arm lever slips on the pickup-arm shaft and 
is reset to its proper position. 
Another Velocity-trip Assembly. Another variation of the velocity trip 

uses a pawl assembly with a friction connection. In this rim-drive mecha-
nism the power is transmitted from the hub gear to the drive gear and then 
to the cycling slide, shown in Fig. 19. The cycling slide in turn controls 
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Fig. 19. An eccentric stud linking the Fig. 20. Another variation of the velocity trip has 

drive gear and cycling slide changes the friction connection in the trip-pawl assembly. The 

rotary morion to a lateral motion trip slide fits between the drive gear and the cycling 

slide 

the various cycling functions. The drive gear has an eccentric stud fastened 
to its underside which fits into a slot in the cycling slide. As the drive gear 
rotates, it changes the rotary motion into a sliding to-and-fro motion of 
the cycling slide. 
The drive gear has a segment cut away so that as the turntable rotates, 

the hub gear is disengaged. On the top of the drive gear is a clutch pawl, 
which is intended to contact the lug on the hub gear. 
As the pickup works its way toward the center of the record, it causes 

the pickup-arm lever, shown in Fig. 20, to rotate because of the rigid con-
nection through the pickup-arm shaft. In the diagram this lever rotates in 
a clockwise direction. It is attached to a trip slide which is located between 
the drive gear and the cycling slide which is not shown. The rotation of 
the pickup-arm lever causes the trip slide to move to the left and pulls the 
lower trip pawl in a clockwise direction. 
The lower trip pawl is connected to the upper trip pawl by a spring-

loaded shaft and washer arrangement so that there is a snug but not a 
solid fit. This provides a friction connection between the two. The upper 
trip pawl moves the clutch pawl, forcing it toward the turntable shaft. 
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\\Then a record is being played, the pickup arm moves slowly toward the 
center of the record, and the clutch pawl moves slowly toward the hub 
gear. Once per revolution of the record, the lug on the turntable shaft 
strikes the clutch pawl, forcing it back. The friction connection in the 
trip-pawl assembly takes care of this variation by allowing a slippage cull 
time the upper trip pawl is forced back. 

\\Then the pickup reaches the fast-finishing grooves, the clutch pawl is 

forced rapidly toward the turntable shaft. Now when the lug comes around, 
it firmly contacts the clutch pawl. This imparts a rotary motion to the drive 
gear of sufficient force to carry it to the point where the hub gear meshes 
with the drive gear. 
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Fig. 21. A tab on the cycling slide con- Fig. 22. Operation of the control knob causes the 

tacts the lower trip pawl near the end of trip slide to actuate the trip as in the automatic 

the change cycle, causing the trip assembly case 

to return to its neutral or disengaged 
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As the drive gear completes its rotation, a small tab on the cycling slide 

contacts the lower trip pawl in such a manner that the upper trip pawl and 

the clutch pawl are forced counterclockwise into their normal rest position. 
This is shown in Fig. 21. This action avoids the recurrence of the trip since 
the clutch pawl will not contact the lug on the hub gear. The eccentric stud 
which slides in the slot of the cycling slide drops into a small indentation 
as the drive gear completes its revolution. This stops the motion of the 
drive gear at the point where the hub gear is opposite the mutilated section 
of the drive gear. 

To trip this changer manually, it is necessary to turn a control knob. 
This in turn actuates a rod-and-lever system that pulls the trip slide, trip-
ping the mechanism. The arrangement is illustrated in Fig. 22. The power 
switch is also connected to the manual reject lever so that the control knob 
switches it on when turned to the REJECT position. 
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Similar Velocity Trip. A similar friction-pawl assembly is used in another 

variation of the velocity trip, shown in Fig. 23. This changer has a circular 
pickup-arm lever which is fastened to the pickup-arm shaft. As the pickup 

arm comes near the end of a record, a stud on this lever contacts the trip 
slide. The opposite end of the trip slide contacts the lower trip pawl. The 

lower trip pawl is located on the bottom of the drive gear, and the upper 
trip pawl is located on the top. They are connected by means of a friction 

connection, as in the changer just previously described. 
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Fig. 23. Another velocity- trip mechanism using a friction pawl 

As the pickup arm moves closer toward the spindle, the trip slide is 
made to slide so that it moves the lower trip pawl, causing it to slowly 
rotate. Because of the spring-washer tension in the friction connection, the 

upper trip pawl is caused to rotate. While the record is playing, this pawl 
is forced back by the wiping motion of the lug on the hub gear, and the 
friction connection takes up the slippage. When the pickup arm reaches the 
finishing grooves, the trip pawl is moved rapidly inward so that the sharp 
point at the end engages the lug on the hub gear, causing the drive gear 
to start the change cycle. 
The two friction-pawl velocity-trip mechanisms just discussed are very 

similar in operation. Both were described in order to better illustrate the 
difference in appearance of various linkages and mechanical arrangements. 

Failure of Velocity Trip to Actuate. A possible cause of failure to trip 

in a velocity-trip mechanism is a weak or oily friction connection. All fric-
tion connections must be clean and dry. A weak friction connection may 
be caused by weak spring loading. The double-pawl connection is of this 
type. Some changers use a spring to provide the friction loading of the 
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pickup-arm lever instead of the clutch weight as described. Sometimes a 

felt washer is used between the clutch weight and the pickup-arm lever. 
If this is worn, it becomes slippery. Too much friction may cause the record 
changer to trip prematurely. 
A bent trip lever can cause trouble because it does not contact the part 

it is supposed to actuate. Where this is a part of the friction assembly, it 
is usually made of light material which will bend easily. It should be bent 

carefully back into place by use of a duck-bill pliers. 
Burrs on contacting parts may cause improper action of the trip mecha-

nism. For example, a burr on the clutch pawl or the trip lever of an over-
and-under gear assembly ( Fig. 16) will not allow the pieces to separate. 
Removal of the burr by filing, polishing, and cleaning is necessary. 

Binding at the pivot is another source of trouble. In a part such as the 
trip lever of Fig. 16 a bent part could cause friction between the axle and 
the two pivot holes. To correct this, gently bend the assembly, using duck-
bill pliers. 
Continuous Cycling. Continuous cycling of the velocity-trip mechanism 

shown in Fig. 15 may be caused by a bent trip lever allowing the clutch pawl 
to constantly engage the drive gear. If this part is bent, it may also rub 
against the drive gear causing a chattering. It should be straightened by 
use of a duck-bill pliers. 
A binding reject lever is another cause of continuous cycling. When 

the record changer is manually tripped, the reject lever moves so that the 
wire pushes against the lip of the trip lever, releasing the hook from the 
clutch pawl and allowing it to engage the drive gear. The straight spring 
returns the reject lever to its normal position. 

In the event that the reject lever binds, the spring will continually bear 
against the lip, keeping the hook of the trip lever from contacting the 
clutch pawl. This would result in a continuous cycling of the mechanism. 

Binding may be caused by the control knob catching in the slot of the 
base-plate assembly. In this case enough clearance should be filed in the 
slot to allow the knob freedom of movement. Caution should be used not 
to remove too much. File a little, then try the reject lever until the proper 
freedom has been obtained. Binding in the pivot is another possible source 
of this trouble. Cleaning with carbon tetrachloride is then necessary. 

Still another cause of continued cycling is a damaged roller on the trip 
lever. Should this roller be broken, the hook on the end of the trip lever 

cannot contact the clutch pawl and disengage it from the drive gear. This 
is due to the fact that the reset points will not return the trip lever to its 
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normal position. To remedy this, the trip lever must be replaced if a roller 
is used. Some changers use a bumper instead of a roller. This usually is 
damaged by having a groove worn in it, but may be replaced without chang-
ing or removing the assembly. 

In the mechanism of Fig. 18 continued or premature cycling can be 
caused by a weak clutch-pawl spring or binding of the clutch pawl. Use 

of a clutch-pawl spring that gives too much pull could also cause this. 
Proper action of this type changer requires proper setting of the trip 

switch. To adjust this, the turntable should be rotated until the eccentric 
is in its maximum right-hand position. The trip lever and the trip switch 
should be separated about 1A6 inch. If this needs adjustment, the support 

for the copper-bronze strip shown in Fig. 24 should be bent. 
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TRIP SLIDE MAY BE BENT 
OR ROUGH (PICKUP WILL 
PROBABLY SKIP GROOVES) 

PICKUP ARM 
LEVER MAY BE 
LOOSE ON SHAFT 

MAY JAM DUE TO 
DEFECTIVE TEETH 

FRICTION IN CLUTCH 
BETWEEN TRIP PAWLS 
MAY BE INSUFFICIENT 

CLUTCH 
UPPER TRIP PAWL 
PAWL I 

GEAR s:etzize. 

STUD MAY 
BE LOOSE 

CYCLING 
SLIDE TAB MAY FAIL TO 

RESET TRIP PAWL 

(A) TRIP FAILURE (B) CONTINUED CYCLING 

Fig. 25. Possible causes of trouble in a velocity-trip mechanism 

LOWER 
TRIP PAWL 

The possible causes of continued cycling in the mechanism of Figs. 20-22 
arc most likely to be a loose stud or bent tab, as illustrated in Fig. 25. The 
stud stops the drive gear so that the mutilated section is opposite the hub 

gear. If the stud is loose, the drive gear may not be stopped and the two gears 
will mesh again, causing the cycle to repeat. A bent tab may not reset the 
trip and clutch pawl, allowing the clutch pawl to contact the lug on the 

turntable hub and thus causing recycling. 
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Repairing Trip Mechanisms. Difficulties in the trip mechanism evidence 
themselves by a failure of the mechanism to start the change cycle or by 
starting to cycle too soon. Among the more general causes of trip difficulty 
are improper adjustments, binding in release or friction components, de-
fective springs, bent parts, and defective electrical parts. 

When the trip mechanism is suspected of causing trouble and previous 
experience has not indicated a likely clue, a check should be made first of 

the more obvious and available points. Lack of an eccentric or lead-in 
groove, excess wear, or foreign matter in the grooves are possible record 
defects that will cause failure of trip action. A defective center hole in a 
record may cause the normal groove to revolve in an eccentric manner, 
causing the trip to actuate prematurely. 
The mechanisms previously discussed form an arrangement resembling 

a Y. One arm is the pickup-arm lever, and the other is the manual control 

slide or link. Both join at some point and move the leg which consists of the 
trip slide and pawl assembly. This feature can be used to isolate any 
trouble. In order for the trip to function on most record changers, the con-
trol knob must be set in the AUTOMATIC position. Play a record until the 
needle enters the finishing groove. If the record changer does not trip, 
operate the REJECT button. If the mechanism fails to trip either way, the 
difficulty is probably in the leg of the Y—the trip slide or pawl. Turn off 
the record changer, adjust the control knob to the REJECT position, and 

watch the mechanism as the turntable is rotated by hand. Pay special at-
tention to the leg of the Y. 

If operation of the control knob to the REJECT position causes the trip 
to function, but the changer does not trip automatically upon completion 

of a record, the difficulty probably lies in the arm of the Y containing the 
pickup-arm lever. 

If the changer trips automatically at the end of a record, but the REJECT 
feature does not work, look for difficulty in the arm of the Y containing 
the control slide or link. 

Springs. Missing and weakened springs are frequent causes of trouble. 
A variety of springs are used. Some of these are illustrated in Fig. 26. 

Springs cannot usually be repaired, and are so inexpensive that it is not 
worth while trying to do so. 

Spring washers are used in sandwich-type assemblies to create an out-
ward pressure. The double-pawl assembly in a velocity-trip mechanism uses 

this feature. In critical applications such as this an exact replacement is 
recommended. 
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Coil springs are by far the most common. Various lengths and diameters 
are used. For a given size tension varies somewhat, depending upon the 

material used. Coil springs have a hook or loop on each end so that the 
ends may be fastened over studs, tabs, or notches or mav be inserted in a 
hole. Assortments of coil springs can be purchased from a radio-parts 
jobber. Trial and error is frequently a convenient method of selecting a 

replacement. By feeling the tension of the defective spring, it is usually 
possible to select a suitable replacement on the basis of both tension and 
size. When installed, the spring should not be stretched more than a 
fraction of its length or the strain will cause early weakening or failure. 

It is sometimes possible to tailor a spring by trimming an oversize one. 
Cut with a pair of diagonal pliers and re-form the end. When removing 
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Fig. 26. Various types of springs used in record changers and methods of holding them 

coil springs, it is easier to begin with an end fastened around a stub or tab 
than with an end inserted in a hole. The end can usually be slipped over 
the end of the stud or tab. To remove a coil spring from a hole, it is neces-
sary to swing the end while pulling so as to guide the curved hook out. To 

do this, the spring may have to be stretched an extraordinary amount. A 
long-nose pliers is recommended for this task. When installing a spring, 
the reverse procedure is best so that the more difficult end is inserted first. 

Radial springs are used occasionally to provide spring action between 

parts with a common pivot. Here the diameter is usually of importance 
since it must frequently be placed over the pivot. The tension of a radial 
spring is relatively weak. Tension may sometimes be adjusted by twisting 

the spring so as to add one or more turns before installing it. This will de-
crease the diameter of the spring as well. The ends are frequently held in 
place by inserting them in cutouts. 

Spiral springs are not often encountered except for vibration mounting 
of the changer in its cabinet. Here the spiral spring is compressed slightly 
by the weight of the changer. These seldom become defective because of 
their relatively large size. 
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A straight spring is not often used but will be seen at times. It con-
sists of a straight length of spring steel or material of similar characteristics. 
As with other springs, when it is bent it will tend to return to its usual 

shape. It is customarily held in place by cutouts or tabs. 
Replacement springs can be ordered from record-changer distributors. 

Wherever possible it is best to obtain the part number from a service 
manual. If this is not possible, the defective spring should be used as a 
comparison. Once you have repaired a few record changers, you can ac-
cumulate an assortment of springs of the type you use or encounter most 

often. 
A broken or weak spring will not return a record-changer part to its rest 

position. Careful inspection for such defects should be made before an 
extensive repair is started. If a spring is suspected, the part to which it is 
attached can often be moved by pushing lightly with the finger. It should 
return to place if the spring is good. Also look to see that both ends of the 

spring are properly anchored. Experience can be gained by carefully feeling 
the tension of springs in a properly operating record changer. 

Binding. Record-changer parts must move freely. Any tendency to bind 
is a possible cause of trouble. Inspection of the binding parts will show 

where the trouble exists. 
In a pivoted part binding may be caused by accumulation of dirt and 

other foreign particles. If the part is bent near the pivot point, it may 
squeeze the shaft. Cleaning and straightening are possible solutions. 

Burred sections of pawls or other mating parts will cause undue friction. 

These burrs must be removed by filing. Where the part is a thin metal 
piece, hold it with a pair of duck-bill pliers when filing so that it is not bent. 
Clean off any accumulation of filings, then polish with a crocus cloth if 
necessary, and finally clean. Lubrication should be applied where, and only 

where, required. 
Cleaning of metal parts is best accomplished by thoroughly washing with 

carbon tetrachloride. Be careful not to breathe much of the fumes from 

this as an excess is dangerous. 
Some defects due to binding may react in different manners. For ex-

ample, an actuating pawl that is stuck may cause repeated cycling or may 
create too much friction to be actuated by the trip lever. 

Gravity-type levers and pawls should operate freely when released. The 

pivot is a loose fit so that there is practically no friction. Sticking may be 
caused by dirt, grease, lint, or other foreign matter and may be remedied 
by cleaning with carbon tetrachloride. Usually no lubricant is used. This 
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is especially true if the lever or pawl is part of a friction connection such 

as used in a vclocitv-trip mechanism. 
Lubrication. Generally, all changers are completely oiled and lubricated 

when they leave the factory. This treatment is good for about a year of 

service. In the event that a changer is operated where extreme heat or dust 
conditions exist, they should be oiled or lubricated more frequently as re-

quired. 
No lubrication is generally required on the different parts of the tripping 

assembly. Unless the manufacturer's instructions specifically indicate lubri-
cation of portions of the tripping mechanism, no lubrication should be at-

tempted. 
Sliding surfaces may generally be lubricated safely using a light applica-

tion of Lubriplate or STA-PUT. Gear teeth may be similarly treated. The 
most important places to keep free of lubrication are the clutch weight, 
trip lever, and pawl. Should lubrication be present between the bearing 
surfaces of these units, the friction could be lessened to a degree where it 
is quite possible that the trip would not operate properly. 

QUESTIONS 

1. How does the motor drive the changing mechanism? 
2. Why is a clutch necessary in a record changer? 
3. Describe a mutilated-clutch mechanism. 
4. How does a gravity-type clutch mechanism work? 
5. What are the three types of trip-actuating mechanism? 
6. How does the position trip work? 
7. Why is a combination of the position and the eccentric trip used? 
8. What is the basis of the eccentric trip? 
9. What is the key principle of the velocity trip? 

10. What defects would cause continuous cycling of a velocity trip? 
11. How do you select a replacement coil spring? 
12. How would you correct a binding condition? 
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Record-dropping Mechanisms 

Types of Dropping Mechanisms. After a record changer has been loaded 
with the records to be played, it is necessary that one record at a time be 
allowed to drop to the turntable. This has been accomplished in various 
ways. The more commonly used methods will be studied in an effort to 
become acquainted with the general workings of these mechanisms. 
There are in general use today three popular ways of doing this job. 

They are as follows: ( 1) slicer type using two- or three-shelf support; ( 2) 
pusher type, using shelf-and-spindle support; ( 3) spindle type, using only 
the spindle to support the records. Examples of these three methods will 
be thoroughly discussed, giving a complete account of the action, the pos-
sible causes of failure to work properly, and the necessary repairs or ad-
justments to put them back into correct operation. 

Slicer-type Two-shelf Support. For a long time the most often used 

method of selecting records was the use of rotating blades which cut in 
between the bottom record and the one on top of it, allowing the bottom 
record to slide down the spindle onto the turntable. A good design of this 
type will work well. Figure 1 is a view of this type of changer, showing it 
loaded with a stack of records with another one on the turntable in playing 
position. There are two record shelves supporting the unplayed stack of 
records. The spindle protrudes through this stack, keeping each record 

centered on the shelves. At the same time the spindle serves as a guide 
for the record when it is dropping to the turntable, and acts in its usual 
capacity to center the record on the turntable. 

Slicer-type Operation of Selector Arms. Figure 2 is a top view of one of 
the record-selector posts, which is an assembly including an arm with a blade 

138 
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and a shelf. The normal position of the arm is just slightly clockwise of that 
shown so that the selector blade is about % inch out from the edge of the 

bottom record. In the position shown, the selector arm has just started to 
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Fig. 1. A two-shelf slicer-type changer will ploy ten 12-inch records or twelve 10- inch records 

without overloading. The selector- post assemblies support the record stack and automatically drop 

the bottom record to the turntable during the change cycle 
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Fig. 2. The selector arm of a slicer-type changer starting a change cycle. To play 12- inch records, 

the knob on the selector post must be pulled up and rotated counteeclockwise so the 12-arrow is 

pointing toward the record 

do its work of separating the bottom record from the stack. The selector 
arm is rotating in a counterclockwise direction. Since there are two selector 
posts, this same action is repeated simultaneously on the opposite side of 
the stack of records. 

Assume that there are more records on top of the one shown. As the 
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selector arms rotate, the selector blades move in and knife between the 
bottom record of the stack and the one on top of it. The blades support 
the records remaining in the stack. As the selector shelves turn, they move 

out of the way, and the bottom record which rests on them drops to the 

turntable. 
After the record has dropped, the cam, which is activating the selector 

arms, reverses the direction of rotation of the arms and brings them back 
to their normal position. The records drop onto the shelves and the selector 

DRIVE 
CRANK 

SELErroR 
SHAFT 

DRIVE LINK 

AXLE OF CAM 
AND DRIVE GEAR 

GP/NDLE 

HUB GEAR 

DR/VE GEAR 

LINK LOADING 
SPRING 

SELECTOR 
CAM 

DRIVE CRANK 

SELECTOR SHAFT 

Fig. 3. The activating portion of a two-shelf slicer-type dropping mechanism 

blades move to the side out of the way. The selector posts are then ready 
to repeat this performance at the conclusion of the playing of the record 
that has just been dropped. 

Slicer-type Two-shelf Mechanism. Since there are two selector arms, 
they must be coupled together so that they are synchronized and will do 
exactly the same thing at the same time. Figure 3 is a bottom view of the 
changer showing how this is accomplished. Each selector arm is fastened 
to a selector shaft which goes through the supporting post and bushing to 
the bottom side of the chassis. A drive crank is fastened to the bottom end 
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of each of these selector shafts, and in turn, these drive cranks are coupled 
to each other with a drive link. 

A small arm protrudes from one side of the drive link near the center. 
Fastened to this arm is a roller which is in contact with the selector cam. 
The selector cam is part of the drive gear. As the drive gear rotates, the 
selector cam forces the drive link to move the selector posts through the 
record-dropping cycle. The link loading spring shown fastened between 
the drive link and part of the frame of the changer keeps the roller in 
contact with the selector cam and brings the selector arms back into their 
normal position with the selector blades clear of the remaining records. 

Fig. 4. A two-shelf slicer-type dropping mechanism with separate links between the selector 

shafts and the selector cam 

During the change cycle the drive gear is rotating in a clockwise direc-

tion as indicated. Since the distance D from the center of the drive gear 
to the point of contact between the roller and the selector cam is decreas-
ing, the link is moving toward the lower right. This causes the crank to 

move clockwise as viewed from the bottom or counterclockwise as viewed 
from the top. When the mechanism reaches the point where the distance 
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D begins to increase, the link will move in the opposite direction and the 

selector arms will reverse direction. 
Two-shelf Variations. Another two-shelf changer is shown in Fig. 4. 

The principle of action is the same as that just described, but the mechani-
cal layout is different. In this case the cam link is pivoted at one end, while 
the other end follows the selector-cam groove. As the drive gear rotates, the 
cam link changes this rotary motion to a back-and-forth movement. 

In the instant shown, the cam link is moving to the right since the dis-
tance D from the cam axle to the roller is decreasing. The cam link and 
drive link transmit this motion to the drive crank which causes selector gear 
1 to rotate in a clockwise direction. In order to couple this to selector gear 
2, two gear segments and a selector link are used. 

Fig. 5. A three-shelf slicer- type mechanism Howard W. Sams photo) 

Selector gear 1 causes gear segment 1 to rotate in a counterclockwise 
direction. This odd-shaped segment of a gear has a stud to which the selec-
tor link is attached. As the gear segment rotates, it causes the selector 
link to move, which in turn rotates gear segment 2 in a counterclockwise 
direction. Since it meshes with selector gear 2, the latter rotates in a clock-
wise direction. Thus the two selector arms move outward at the sanie time. 

Slicer-type Three-shelf. With a two-shelf changer records arc supported 

at two opposite points and can tip sideways if their center holes are over-
size. A third shelf helps to hold the records more rigidly and overcomes 
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this drawback. The principle of operation is the same in both cases. Figure 
5 shows a three-shelf changer, and Fig. 6 is a sketch of the bottom view. 

This mechanism resembles a combination of the two-shelf changers de-
scribed. The drive link imparts the selector-cam action to two drive cranks 

which rotate the gear segments. One of these gear segments is linked in 

turn to the third. 

Fig. 6. The activating portion of a three-shelf slicer-type changing mechanism 

Slicer-type Intermix Action. An intermix slicer-type changer can be used 
with a stack of 10-inch records, or a stack of 12-inch records, or a stack of 

10- and 12-inch records intermixed. 
Where the stack consists of records of a single diameter, the action is the 

same as that of the two-post changer previously described. This also holds 

true if one record is followed by another of the same size. When two ad-
jacent records are of different sizes, there are two possible situations; one 
where a 10-inch record is beneath a 12-inch record and another where a 
12-inch record is beneath a 10-inch record. 
When a 12- inch record is below a 10-inch record, the problem is not 
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so difficult. In this case the selector blades contact the edge of the 12-inch 
record and then tilt or slide upwards as they rotate so as to clear the added 

thickness of the 12-inch record. When they have swung in to the edge of 
the 10-inch record, the edges pass under it, holding the stack, while the 

12-inch record on the bottom drops to the turntable. 
When a 10-inch record is below a 12-inch record, the situation is more 

difficult due to the fact that the 10-inch record is thinner than the 12-inch 

record. To overcome this, the selector arm is equipped with a lifter shoe 
and a lifter plunger as shown in Fig. 7. When the 10-inch record is on the 
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Fig. 7. The intermix mechanism in a slicer-type changer. As the selector rotates, the 10-inch record 

forces the lifter shoe back. This in turn raises the lifter plunger which lifts the record stack so that 
the selector blade con enter between the two records shown 

record shelf, its edge contacts the lifter shoe as the selector arms rotate, 
forcing the lifter shoe back to the left. This raises the lifter plunger, which 
is a sliding button. The lifter plunger raises the 12-inch record just above 

it, along with the remainder of the stack, so that the selector blades enter 
into a clear space between the 10- and the 12-inch records. The 10-inch 

record is then dropped onto the turntable as the selector arms rotate 
further. 

Other Slicer-type Changers. Although the action of the slicer is the 

saine in all changers of this type, many variations in physical appearance 
exist. Figure 8 is a view of a two-post changer that has one fixed record shelf 
and one selector post. Another variation, illustrated in Fig. 9, has one fixed 

record shelf and two separator posts. A fixed record shelf stabilizes the stack 
of records without the added cost of the link and separator mechanism. 
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Servicing the Slicer-type Changers. Wear, abuse, incorrect handling, or 

misinformed tinkering can cause poor, erratic, or nonoperation of this 

changer mechanism. An effort will be made to cover troubles which might 

appear from any of these causes. 
Slicer-type Jamming. It is possible that the selector blades may jam 

Fig. 8. A slicer-type changer with one fixed shelf and a selector shelf adjacent to the pickup arm 
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Fig. 9. Another slicer-type record changer utilizing two selector shelves and a separate record 

shelf to keep the records balanced 
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against the edge of the record under several circumstances. To relieve this 
jamming, turn off the motor and rotate the turntable counterclockwise by 
hand until the record has been released. 
Jamming can be caused by having the selector arms set for the wrong 

size of record. In this case the jam must be cleared as just described, and 
the record removed while the selector arms are positioned correctly for the 
size record used. 

Badly warped records can cause jamming when the selector blade cannot 
rise above the edge of the record. The warp in the record throws the top 
surface of the record edge beyond the limit of the rise of the selector blade. 
Records of this nature should be played manually. 
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SHELF 

BINO OR BURRS 

Fig. 10. Possible trouble points in the slicer mechanism 

Very thick records may also cause the selector arms to jam against the 
edge of the record. Once again manual operation is necessary. Usually records 
with these defects can be spotted quite readily, and the difference between 

these and good records easily pointed out to the customer. 
Slicer Type—Defective Selector Blade. Possible troubles are shown in Fig. 

10. The leading edge of the selector blade must be smoothly rounded and 
well polished. If the blade is blunt or irregular, it will jam against the edge 
of the record instead of rising and slicing between the bottom two records. 

The remedy for this is to buff the edge of the blade until it is rounded and 

then polish it with crocus cloth. The edge must be smooth and well polished. 
The selector blade must also be free in its mounting, having an up-and-down 
movement, and be able to return to normal position by its own weight if a 
spring is not used. Excess spring tension is also a possible cause of jam-
ming. 

Foreign material lodged in between the blade and the record shelf may 
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keep the blade from moving either up or down. This foreign material should 
be removed with a thin tool. In many cases it is convenient to disassemble 

the selector mechanism for a thorough cleaning. 
Slicer Type—Fixing Bent Selector Blades. If the selector blades are bent 

up or down, jamming may result. To adjust this, put on a 10-inch record 

of average thickness ( 0.074 inch) and rotate the turntable manually clock-
wise until the selector blade contacts the record. The blade must rise after 
it first contacts the edge of the record. This rising cam action results when-
ever pressure is applied to the leading edge of the selector blade. 

It is desirable to have records available that are of average thickness, 
thinner than average, and thicker than average. If a micrometer is not avail-
able, a simple method of selecting these records can be used with reasonable 
results. Select ten 10-inch records, stack them, and measure the total thick-
ness with a ruler. Since the records will likely be warped a little, squeeze 

the records together at the edge where the measurement is made. Since 

the average record thickness is 0.074 inch, the stack should measure very 
close to % inch. If it does, the average of the 10 records is proper. By inspec-
tion select records of small, average, and great thickness. If the stack thick-
ness is greater than :,{1 inch, the average is on the thick side, and if less than 

3, 4 inch, the average is on the thin side. Use this knowledge in selecting 
the desired records, or else select another group of 10 records and try again. 
A bent blade may be adjusted by bending very slightly to the correct 

position using pliers with tape-lined jaws, or cluck-bill pliers. The height to 
which blades are set must be less than the smallest record thickness. Other-

wise, the blade will attempt to change two records at a time because of the 
cam action which always operates in an up direction. To check this, try the 

action with both a thin and a thick record at the bottom of the stack. 
When necessary, the same adjustment should be made on the 12-inch 

selector blades, using a 12-inch record ( approximately 0.090 inch thick; 10 
records of average thickness should measure about 14/16 of an inch). In 

most cases the blades are given a slight downward tilt of about 0.02 inch 
(1/3 of 1/1 6 inch ) in order to work properly with slightly warped records. This 
can be roughly determined by use of a straight edge to aid in estimating. Do 

not try to adjust this tilt unless absolutely sure that it is necessary. If 
adjustment becomes too troublesome, replace the blade. 

Slicer Type—Record Dtops on One Side Only. A record having a large 

center hole is apt to shift its position so that more of it will be resting on 

one shelf than on the opposite shelf. This would cause the short side to 
drop very quickly, allowing the opposite selector blade to cut underneath the 
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record. This leaves the record hung up on one shelf instead of dropping. 

Such a record should be played only manually since it is usually not worth 
while to repair the center hole. 

A record with a broken edge may also hang up on one shelf if the broken 
part is at the other shelf. If the record is not too badly damaged, it can be 

placed on the supporting shelves so that the blades will not be near this 
damage. 

A record with broken edges will be handled perfectly by a spindle-type 
changer. If the customer has a great many chipped records, you have an 
opportunity to sell and install a new changer of this type. 

A bent spindle keeps the records off center so that one side drops 
first and the other hangs up. Straightening a spindle is a ticklish operation 
and should not be attempted, but rather the spindle should be replaced. 
Do not attempt to straighten a spindle by laying it on a flat piece of metal 

and pounding it with a hammer or placing it in a vise and straightening it 
bv hitting the free end of the spindle. This will only result in a rough and 
uneven job. It is far better to replace it. 

If the selector-arm post is bent, one side of the record may always drop 
first. This is a rare condition but could occur if the entire changer is dropped. 

Usually the post itself is not bent but rather the chassis base to which it 
is fastened. Repair can be accomplished by placing the changer base plate 
in a vise in such a manner that the selector post may be bent back into 
position without buckling the changer base plate. The jaws of the vise must 
be smooth or padded with some smooth material so that there are no marks 

left on the surface of the base plate. Some changers use a white-metal 
support which is easily broken and cannot be repaired, so it is well to inspect 
the changer before starting repairs of this nature. 

Slicer Type—Selector-shaft Binding. Binding of the selector shaft would 

be noticed as a back-and-forth movement of the entire selector arm and 
post assembly. There would also be a marked decrease in the speed of the 

turntable, indicating that an extra load is being placed upon the motor. 
The cure for this is to remove the shafting from the changer posts, following 

the manufacturer's instructions or studying the assembly to determine how 
they are fastened. A lot of pressure may have to be exerted on the shaft to 

remove it because of the binding effect, but first be sure that the shaft fasten-
ings have all been removed or loosened. 

Binding is usually caused by drying and caking of lubrication. To remedy 
this, the shaft and the hole in the post should be washed with carbon 
tetrachloride. The shaft should then be polished with crocus cloth, and the 
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hole in the post inspected to make certain that the entire surface is thor-

oughly clean. One approach is to roll up a very fine emery cloth to fit the 
post hole and clean it in this manner. Before assembling, test the shaft in 
the hole. If it seems free enough, remove again and apply a thin coating of 
Lubriplate before reassembling. 

Another result of binding is sticking of the selector blade. The blade is 
then not able to get out from under the stack of records as it is returning to 
its normal position. Cleaning the shaft should cure this trouble also. 

Slicer Type—Cam Spring Missing. If the spring holding the cam link in 
contact with the drive-gear cam is missing, the selector arm may not return 

to its normal position. Replace this with a comparable spring. Try several, 
of different lengths, thickness, and stiffness. Too weak a spring will not 

pull the slicer blades back out of the way. Too strong a spring applies too 
much pressure between the roller or stud on the link arm, loading the drive 
gear excessively and slowing down the changer. 

Slicer Type—Crankshaft Binding. The selector shaft is made of a metal 

alloy which may have a tendency to swell with age. If this condition happens, 
it causes binding between the top portion of the selector shaft and the 
selector-post sleeve. 

To fix this, remove the selector shaft and file down the top of it to in-

crease the clearance between the top of the selector shaft and the selector-
post sleeve. After filing, be sure to remove all burrs or particles of metal so 
that they cannot cause any further trouble. 

Slicer Type—Lubrication. The slicer type of mechanism requires a mini-
mum of lubrication. Any excess should be immediately wiped off. A thin 
coat of Lubriplate or STA-PUT should be applied to the selector cam so 

that the roller on the arm of the drive link will move with as little friction 
as possible. The teeth of the selector gears and gear segments should likewise 
be lubricated with Lubriplate or STA-PUT. A drop of SAE 10\V oil should 
be used at the points where the drive links and drive cranks are connected 

together and also where the gear segment and selector link are connected. 
Also, a couple of drops of SAE 10W oil can be placed on the record-selector 

shafts where they enter their supporting posts. No lubrication should be 
used on any part of the record-selector blades. 

Pusher Type. A later development in the handling of a stack of records 

is known as the pusher-type changer, which is shown in Fig. 11. Actually, the 
pusher shelf and the spindle are used for support of the stack of records. 
When using this particular changer, it is necessary that the stack of 

records be all 10-inch or all 12-inch, as it is not an intermix changer. The 
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adjustment for size is simple, as shown in Fig. 12. On the record-selector 
post the support shelf on one side of the post extends farther from the center 
of the supporting shaft than does the other side. This distance determines 

the 10- or 12-inch position. When the short side is facing the spindle, the 
distance from the spindle to the shelf is greater, and the changer will play 
12-inch records. When the long side is facing the spindle as in the illustra-
tion, the distance from the spindle to the shelf is shorter as required foi the 
10-inch size. To select the proper shelf for the record size being played, the 
post must be rotated by hand. 

Fig. 11. A pusher or shelf-and-spindle type of record support. A pushing motion by the shelf 

causes the bottom record to drop down the spindle. (Westinghouse photo) 

A record stabilizer is used to keep the stack of records lying flat on the 

record-selector shelf. It is located on top of the record-selector post and is 
pivoted so that it may be moved to either side of the record-selector post. 
After the records have been loaded on the selector shelf and spindle, the 

record stabilizer is pulled over onto the top record of the stack. 
Two important features control the release of a single record at a time 

from the stack. First, each side of the record selector post has two steps on 

it. When the changer is loaded, the bottom record of the stack will be rest-
ing on the bottom step. The rest of the stack will be resting above this. 
The height between these steps is slightly less than the average thickness 
of the 10-inch records. 

Second, the spindle assembly, shown in Fig. 13, has a latch which is sus-
pended from the top portion of the spindle. Just below it there is a shelf on 
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the spindle. The clearance between the bottom edge of the latch and the 
top of the shelf is just slightly more than the average thickness of 12-inch 
records. The latch will not move horizontally but will move vertically. When 
records are removed from the turntable after being played, the upward 

pressure pushes the latch up into the head of the spindle, allowing the 
records to come off. These two points should be kept in mind because in 

the following description of the action which causes the dropping of the 
records, it will be shown how they tie together. 
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Fig. 12. The support shelf on one 

side of the post of this changer ex-

tends farther from the center than 

does the other side. The position 

shown is for 10- inch records. When 

reversed, the support holds the 12-

inch records 

LATCH SLIDES UP WHEN 
RECORDS ARE REMOVED 
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RECORD 

SP/NOLE 
FLOATING 
LATCH PIN 

FLOAT/NO 
LATCH 

SPINDLE 

Fig. 13. Spindle assembly used in pusher-type change 

mechanism. The latch plays a prominent part in sepa-

rating the bottom record from the stack 

Pusher Type—Dropping Mechanism. The remaining parts used for the 
dropping of the records can be seen in Fig. 14. The record-selector post is 

attached to an L-shaped lever, which is held in place by a pivot on the 
chassis. This lever is called the rocker arm. The rocker-arm spring, being 
fastened to the rocker arm on the right side of the pivot in the view shown, 

always maintains a constant upward pull on this side of the arm. On the 
left side of the pivot, that part of the rocker arm at the base of the curve 
limits the upward motion of the right side of the arm because it strikes the 
chassis. 

In the illustration the cycling cam is shown as having a shelf, against the 

underside of which the roller on the right side of the rocker arm is pressing. 

As shown, it would mean that the mechanism would be starting to release 
the next record onto the turntable. In the neutral playing position, the 

cycling cam would be stopped at a place where there is no protruding 
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shelf on its side, and the right side of the rocker arm would be slightly 
higher. 
Pusher Type—Change Cycle. Assume that the change mechanism is about 

to be tripped so that the change cycle will start. In this type of changer the 
spindle is rigidly fixed and does not rotate. The bottom record of the stack 

is resting on the bottom step of the record-selector shelf and the shelf on 
the spindle. The remaining records are stacked in order above this record 

and resting on it. 
When the record that is on the turntable has finished playing, and the 

mechanism has been tripped, the pickup arm is immediately raised from 
the surface of the record and swung out beyond the edge of the record so 
that it is clear and will not be struck as the next record falls into position. 
This movement is accomplished by rotation of the cycling cam, which 
starts to move as soon as the trip mechanism is activated. This takes only 
a part of the rotation of the cycling cam. 
The next thing to happen, as the cycling cam continues to rotate, is that 

the overhanging shelf of the cam contacts the roller on the right side of the 
rocker arm and pushes it down. This makes the other end of the rocker arm 
move up, like a teeter-totter. The upward motion serves to move the record-
selector post upward as well as in toward the spindle. As this happens, the 
riser at the back of the bottom record-selector shelf pushes the bottom 
record clear of the shelf on the spindle. The record then drops down the 
spindle shaft onto the turntable. As it drops, the slope in the spindle pulls 
the record clear of the record-selector shelf. 
The reason the record immediately above does not fall is that it has been 

blocked by the latch protruding down from the head of the spindle. The 
latch does not let the record move horizontally as the bottom one did. 
While the bottom record is dropping down the spindle, the upper record-

selector shelf moves under the next record without bringing any pressure to 
bear on its edge. This record has now dropped down on the spindle platform 
but will stay there because it is not being pushed horizontally. 
The rocker arm is kept depressed until the record has dropped to the 

turntable and the pickup arm is brought into playing position on the record. 
As the cycling cam ends its cycle, the rocker arm follows the overhanging 
shelf as its height is reduced to nothing, and thus goes back to its normal 
position. The record-selector post moves away from the spindle and slightly 
downward to return to normal. The bottom record then falls a bit more and 
rests on the bottom shelf of the record-selector post. 
The distance between the step on the selector shelf and the back end of 
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the spindle shelf is just enough for either 10- or 12-inch records, depending 
on which side of the selector post is facing the spindle. 

Adjustment for Record Size. The setting of the record-selector post deter-

mines the size of the records being played. Selection is accomplished by 
rotating the record-selector post a half turn. The parts used here are the 
selector-shaft spring, selector-lever stop, and selector-lever collar. The selec-
tor-lever stop is fastened to the rocker arm and has a hole in it so that the se-
lector shaft can go through it. It will also be noted that it is V-shaped. The 
selector-shaft spring is placed on the selector shaft above the selector-lever 
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Fig. 14. The various parts of the dropping mechanism of a pusher-type changer 

stop. The selector-lever collar is placed on the selector shaft immediately 
below the selector-lever stop. This also has a V cut in it so that it fits together 
with the selector-lever stop. The selector-lever stop is flexible so that it 
can move up and down, and the selector-shaft spring is compressed so that 
it holds the selector-lever stop and the selector-lever collar firmly together 
when the V's are matched. This forms the lock position determining whether 
10- or 12-inch records are being played. Normal hand pressure is sufficient 

to disengage the two when it is desired to rotate the selector shaft. 
Pusher Type—Variations. Another push-off type of record changer, shown 

in Fig. 15, uses a combination sliding and rotating action of the cycling slide 

and selector assembly. 
During the change cycle, the drive cam engages the knurled hub, which 

is rotating as a result of the turntable motion. The cam shaft is mounted 
on the cycling slide, which in turn is mounted so that it can slide on the guide 
rails. Since the drive cam is eccentric ( the axle is mounted off center), the 
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distance from the drive-cam shaft to the knurled hub varies as the drive 
cam rotates. This changes the position of the cycling slide so that as the 
drive cam rotates, the cycling slide slides back and forth on the guide rails. 
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SELECTOR CAM ACTION 

Fig. 15. A pusher-type changer actuated by a slide mechanism. Shifting the position of the 

motion bracket with respect to the fulcrum of the selector cam uniquely reverses the rotation of 

the selector shaft when it is reversed to change record size 

In Fig. 15 the cycling slide is closest to the spindle, which is the neutral 
position. After the pickup arm has been raised off the record and caused to 
move out beyond the edge, the dropping action takes place. As the drive 
cam rotates, the cycling slide is pushed away from the spindle. The motion 
bracket on the cycling slide comes into contact with the selector cam. As 
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the cycling slide moves further away from the spindle, the pressure of the 
motion bracket causes the selector cam to rotate. This in turn rotates the 
selector arm which is on the upper end of the same shaft. 
A slot in the end of the selector arm loosely engages a pin which is rigidly 

fastened to the push plate. The selector cam thus forces the push plate to 
move toward the spindle, forcing the bottom record from the spindle shelf. 

As the drive cam continues to rotate, the cycling slide begins to move back 
toward the spindle, reversing the action. 

The selection of 10- or 12-inch playing position is made by rotating the 
record-selector assembly. As it is turned, the selector arm rotates the shaft 
and the selector cam so that the entire assembly is rotated. The action of 
the selector cam, shaft, and selector arm is now in the opposite direction, 
but since the push plate has been reversed, it moves in the same manner as 
before. 

Pusher Type—Servicing Problems. Although the pusher-type mechanism 
is not so likely to damage records by jamming them between the moving 
parts, the spacing between the shelf and the spindle is quite critical. Prob-

lems will also result from abuse, wear, and incorrect operation. The follow-
ing paragraphs indicate some of the more common problems and the methods 
for correcting them. 

Pusher Type—Drops More Than One Record. The latch in the head of 
the spindle asseinbk is normally spaced so only one record at a time can 

slide between the bottom of the latch and the platform of the spindle. The 
latch has an elongated hole permitting upward movement so that it can 
slip into a recess in the spindle head when records are being removed from 
the stack. 

If foreign matter accumulates in the recess, the latch is apt to stick, allow-
ing more than one record at a time to be pushed onto the platform of the 
spindle. This foreign matter will have to be removed with a thin sharp tool, 
such as a scriber or a very thin-bladed knife. Washing with carbon tetra-
chloride will assist in cleaning. This part of the mechanism should not be 
lubricated. 

To avoid scratching the records or damaging their center holes, the top 
of the spindle shaft and the shelf on it must be free from burrs and rough 
edges. The edge of the record shelf must be smooth also and only slightly 

rounded. The bottom edge of the latch should not be rounded. 

Another cause for more than one record dropping at a time could be 
unusually thin records. This is not too likely but can happen and should 

then be explained to the customer. The unbreakable plastic 78-rpm records 
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are most likely to cause this trouble. Three alternative remedies are possible: 

(1) the records can be played manually; ( 2) the records can be discarded 
or at least set aside for possible future use; ( 3) you can make certain that 
the records adjacent to the very thin record are of average size. 

Pusher Type—Record Drops on Pickup Arm. In the rocker-arm arrange-

ment the initial movement of the drive cam at the start of the change cycle 
causes the record-selector post to move toward the spindle about 3/32 inch. 

The post stays in this position until the pickup arm is out of the way. The 
record-selector post then moves toward the spindle again, causing the bot-

tom record to drop into playing position. 
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Fig. 17. The models with a single-piece rocker 

arm require bending the arm to adjust the rela-

tive spacing between the selector post and the 

spindle. The spacings shown are for the neutral 

or playing position 

If for some reason the record-selector post has been bent back away from 

the spindle far enough so that the bottom record catches the edge of the 
selector-post shelf, the initial movement of the rccord-selector post drops 

the record on the pickup arm. 

The correction for this condition is to bring the record-selector post nearer 
to the spindle. To accomplish this, the changer mechanism must be in the 
rest position. Look for a rocker-arm adjustment screw, as shown in Fig. 16, 

that will change the distance between the spindle and the selector post. If 
the changer has this screw, experiment with it until you know which way to 
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turn it, then adjust it until a standard-size record rests at least halfway 

over the record-selector-post shelf when placed on the spindle shelf. 
Where this adjustment screw is not available, a screwdriver must be 

wedged between the rocker arm and the base just to the right of the rocker-
arm pivot, as shown in Fig. 17. The record-selector post should then be 

pressed with the heel of the hand to force it toward the spindle, using a 
standard-size record as before to indicate when enough correction has been 
made. 

It is recommended that the distance between the edge of the record and 
the step of the record-selector post be held to 1/32 inch so that records with 
rough or sharply beveled edges will not catch on the outer edge of the record-
selector post. A standard-size record must be used in making this adjustment. 
A standard 10-inch record measures 9% inches ± % 2 inch diameter. A 
standard 12-inch record measures 11% inches -21 % 2 inch diameter. 
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F.g. 18. Adjustment of the angle of the push-off post is made by alternately tightening one set 

screw while the other is loosened and vice versa 

Pusher Type—Shelf-and-spindle Misalignment. Another possible cause of 
improper dropping with the rocker-arm arrangement is improper angle of 

the push-off post. The curve of the shelf should match the curve of the 
record, as shown in Fig. 18. 

If the angle is incorrect, put a 10-inch record on the shelves as an adjusting 
guide. Locate the two set screws that control the position of the push-off 

post, and get the proper wrenches or screwdrivers for them ( several Webster-
Chicago changers require two No. 8 Bristol wrenches for these). Alternately 
adjust the screws so as to loosen one and tighten the other, and vice versa, 
until the angle is correct. Because of the V grooves in the selector shaft the 
shaft will rotate with this adjustment. Both set screws must be tightened after 
the correct setting has been made. 
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Improper dropping may also be caused by a bent spindle. It is desirable 
to replace the spindle rather than trying to realign it. Since some changers 
use the spindle to control the automatic shutoff after the last record has 
been played, be sure that this feature is not impaired when checking the 
spindle. 

Pusher Type—Record Fails to Drop. This may result from the fact that 
the record-selector post is bent or positioned away from the spindle enough 
so that the lateral forward movement of the selector post does not push 
the record off the platform of the spindle. Once again this may be caused 

by a bent or misadjusted record-selector post or by a bent spindle. In either 

case the adjustment for this will be the same as for the correction of a record 
dropping on the pickup arm, as just previously described. 

For the rocker-arm type of changer, a record will not drop if the record-
selector post has been bent in toward the spindle too far by mishandling. 
The bottom record of the stack then rests on the top shelf of the record-

selector post instead of the bottom shelf. Then as the record-selector post is 
moved in toward the spindle during the change cycle, there is nothing to 
push the bottom record off the spindle platform. The remedy for this condi-
tion is moving the record-selector post away from the spindle. Where the 
adjustment screw is available as in Fig. 16, it should be adjusted until a 
standard-size record rests on the bottom shelf at least 1/32 inch away from 

the step. When this adjustment screw is not available, the rocker arm must 
be bent as in Fig. 17. With the changer in its rest position, push the record-

selector post out with the heel of the hand. This should be done gradually, 
checking the adjustment at intervals. 

Pusher Type—Adjustment of Push-off Cam. Several conditions can cause 

failure to drop or other dropping 
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&NO BETWEEN PLATES cause such a condition. These points 
Fig. 19. Possible causes of improper dropping are indicated in Fig. 19. 

Proper setting of the push-off arm 
and cam is necessary. First make sure the mechanism has finished its chang-
ing cycle. If the record-selector post is in the 12-inch position, the long side 
of the cam should face the spindle. If the selector post is in the 10-inch posi-
tion, the short side should face the spindle. The selector cam should be 

in the slide- actuated pusher mechanism 
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checked to assure that its axis is parallel to the guide rails. The selector arm 
should then be in place over the shaft, engaging the push-plate pin near the 
top edge. 

To check the setting, press the control knob to the REJECT position, and 
rotate the turntable slowly by hand. Make sure that the push plate does not 

reach its limit before the motion bracket has reached the end of its outward 

travel. If it does, move the selector arm away from its 90-degree setting just 
enough to correct the condition, then make sure the changer operates 
properly on both 10- and 12-inch records. 

Pusher Type—Lubrication. There arc three places where lubrication might 
be required on the rocker-arm mechanism. On the selector-lever stop a small 

RECORD 
STABIL/ZER 

KNOB 

Fig. 20. A spindle-type record changer utilizes a long record stabilizer to keep the record stack 

level. (Howard W. Sams and V-M Corp.) 

amount of Lubriplatc or STA-PUT should be applied between it and the 
selector-lever collar. A drop of SAE 10\17 oil should be applied to each bear-

ing surface of the rocker-arm-pivot shaft. Lubriplate should be applied to 

that portion of the cycling that comes in contact with the roller on the end 
of the rocker-arm assembly. Again overlubrication is to be avoided and any 
excess wiped off. 

In the sliding assembly Lubriplatc or STA-PUT should be lightly applied 
to the guide rails. SAE 10W oil should be applied to the shaft of the drive 
cam. 

Spindle Type. Many of the newer record changers use only the spindle 
to support records. Usually some means is employed to keep the stack of 
records level. The example shown in Fig. 20 is of the intermix type and will 
play automatically up to ten 12-inch, twelve 10-inch, or 10 intermixed records. 
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The unit is jamproof and shuts off automatically at the completion of the 

last record. 
To load this changer, pull the knob of the record stabilizer straight up 

and then swing it out of the way. Place the records on the shelf of the spindle, 
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Fig. 21. A drop-type spindle mechanism. The record pusher moves up into the center hole of the 

record and then swings around so as to force the record off the shelf. (A PHOTOFACT " EXPLODED ' 

VIEW 0 Howard W. Sams & Co., Inc.) 

steadying them with one hand until the record stabilizer is swung back and 
replaced over the spindle. Gentle downward pressure on the record stabilizer 
knob is then applied to set the records parallel with the turntable. The 
control knob is now turned clockwise to the REJECT position and released. 

The changer will now play the entire stack. On completion of the last record, 
it will return the pickup arm to the rest post and shut off automatically. The 
selecting and dropping of the records is all taken care of by the spindle. 

Spindle Type—Spindle Mechanism. On spindle-type changers, the spindle 

does not turn with the turntable. The records on the shelf, waiting to be 
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dropped, do not turn either. Figure 21 illustrates two such spindles as they 
would look if removed intact from the changer, and it shows the parts that 
would normally be hidden inside the spindles. 

In Fig. 22 is shown an underneath view of the changer, with the 

spindle roller just protruding out beyond the spindle housing. On the 
end of the lift arm, near the spindle roller, is the inclined cam surface 
on which the spindle roller rides and which forces the spindle pusher 
assembly to move during the change cycle. This lift arm is activated 
by the cam on the drive gear as this gear is going through its revolution to 
complete a change cycle. 
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Fig. 22. The activating mechanism in a spindle-type changer. The lift arm rotates clockwise so 

that the inclined surface of the cam forces the spindle roller (and pusher shaft) into the spindle. 

(GE photo) 

When the cam at the end of the lift arm sweeps across the spindle roller, 
it pushes upward and raises the pusher shaft of the spindle the required 

distance. An ear on the end of the pusher shaft fits into a notch in the bottom 
half of the record pusher and holds the pusher against the edge of the slot 
on the inside of the spindle. 

When the pusher shaft raises, the pusher moves straight up and enters 
the center hole of the record. The pin notch in the bottom of the record 
pusher now reaches the pin in the spindle. As the pusher shaft continues 
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to raise, the pusher pivots counterclockwise around the pin so that its upper 
end moves outward forcing the record off the shelf. The portion of the 
pusher extending above the shelf of the spindle is slightly less than the 

thickness of a record. 
The guide, which is held down by a spindle guide spring inside the spindle, 

prevents more than one record at a time from being dropped. When records 
are removed from the turntable, the guide moves straight up allowing free 
movement of the spindle. 

After a record has been dropped, the heart-shaped groove in the bottom 

of the cam on the drive gear reverses the movement of the lift arm and re-
turns the spindle to its original position. 
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Fig. 23. The cam overhang forces the roller Fig. 24. The actuating mechanism in another 

to move the lever, which in turn actuates the spindle-drop changer. The rotary gear motion 

spindle drop by pushing the spindle shaft up is converted to a sliding motion. The slide in 

turn moves the lift-arm lever, which raises the 

pusher shaft 

Spindle Type—Spindle Activation. Many manufacturers have record 

changers that use this push-up type spindle support. The spindle construc-
tion and operation is very nearly the same in all of them. The differences 
are primarily in the method of activating the pusher shaft. 
Use of a lever arrangement between the cycling cam and the spindle is 

shown in Fig. 23. In this case the overhang on the cycling cam varies in 

height as it rotates with the drive gear. This change in level is imparted to the 
roller, which is located on the end of the set-down lever closest to the 
spindle. Since the fulcrum of the set-down lever is in the middle, the right 
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end moves down pushing against the left end of the spindle-actuating 
lever. Hence the right end of the spindle-actuating lever raises the pusher 
shaft into the spindle shaft. 

Another way to raise the pusher shaft inside the spindle is illustrated in 
Fig. 24. A cycling slide is moved back and forth by a stud on the drive gear. 
A lift arm is inserted through a slot in one end of the slide in such a manner 
that it is not engaged during part of the cycle but is actuated at the time 
that record change is desired. As the slide pulls the lift arm to the left, the 
opposite end of the lever pushes the pusher shaft upward actuating the 
record drop. 

SPINDLE RECORD 
CAP Ill ii SUPPORT 

LOCK-1N 
LUGS 

SLICER LOCK NUT 

PUSH-OFF 
I-1/32"  RECORD ADJUST/NC 

SHELVES T SHAFT 

SLICER 
CAM AND 
SHAFT 

•-•11. 

eEDeirtgellny 
SHELVES OUT- SLICERS IN 

SHELVES IN- SLICERS OUT 

Fig. 25. The 45-rpm spindle designed to be interchanged with the normal spindle in a three-

speed changer. The record stack is supported on the spindle by the record shelves 

Spindle Type—Dropping 45-rpm Records. The 45-rpm record is different 
from those made for other speeds in that the center hole is considerably 

larger. Originally this record and a special 45-rpm changer were designed 
simultaneously. Because of the rather radical departure from conventional 
design a separate chapter is devoted to the 45-rpm changer. 
Many record changers have provisions for playing 45-rpm records as well 

as the 78-rpm and 33 1A-rpm variety. One way of handling the 45-rpm 
records is to place an insert ( called a spider) in the large center hole of each 
45-rpm record. These inserts have a conventional-size center hole that fits 
over the conventional spindle. These inserts are reasonably priced and 
satisfactory but are generally not favored by the public because of their 
makeshift nature. 
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Spindle Type—Interchangeable Spindles. Another approach is to use 
interchangeable spindles, one of which is for the 45-rpm records. One such 

45-rpm spindle is shown in Fig. 25. This fits on the changer in place of the 

regular spindle. Two lock-in lugs drop into holes in the turntable to make 
the spindle turn with the turntable just as it does on all 45-rpm changers. 
The record stack is held by the record shelves located on either side of the 

spindle. 
The slicer cam and shaft has two cars with beveled sides which fit through 

the record shelves and the slicers. The slicers fit on top of the record shelves. 
Each slicer has a lip which bends down into the hole in the record shelf. 
During the change cycle the slicer cam and shaft is pushed upward. The holes 
in the record shelves arc larger than ill the slicer so that the beveled edges on 
the ears of the shaft force the slicers outward. These slicers slip into the space 
between the bottom two records. 

The slicers are attached to the respective opposite shelves. This means 
that the shelves are pulled in as the slicers are pushed out. When the shelves 
are withdrawn, the bottom record drops to the turntable. The slicers now 
support the rest of the record stack. When the shaft drops, the slicers and 
shelves are returned to their original position by a spring compressed between 
the two shelves. The record stack drops from the slicers to the record shelves. 

All this is done while everything is rotating—turntable, spindle, and the 

entire load of records. 
Spindle Type—Eccentric Spindle. An earlier type of spindle support uses 

a cam or eccentric in the spindle, as shown in Fig. 26. This spindle assembly 
consists of a hollow spindle through which is placed a shaft. This shaft is 

fastened at the lower end to a pinion gear and at the top to an eccentric. 
Above the eccentric is a fixed spindle cap. 
When a stack of records is placed on the spindle, the bottom one rests 

on the eccentric. When the eccentric is in line with the cap, the records will 
drop slightly; the bottom one will now rest on the shelf provided by the 
spindle proper, and the eccentric will be located in its center hole. Now as 
the eccentric rotates back to its original position, it causes the bottom 
record to move with it, and when it is in line with the spindle, the bottom 

record will drop. The remainder of the stack will be resting on the eccentric 

and the cycle is complete. 
Figure 26 also shows a common method of actuating this type of drop. 

The feed-sector lever has a gear sector at one end and a fulcrum at the other. 
In between is attached another lever which has a cam roller at the other 

end. The feed lever is held taut against the cycling cam by the record feed 
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spring. As the cycling cam rotates, the feed-sector lever is moved to and fro 
about the fulcrum. The gear sector matches the pinion gear on the spindle, 

causing the spindle to rotate. It is only necessary to have 180-degree rotation 
of the eccentric since it can return along its original path rather than corn-
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Fig. 26. A spindle-type drop mechanism using on eccentric to select the bottom record from the 
stack 

plete the 360-degree rotation. An indexing spring assures that the eccentric 
will stop in the proper position for dropping the record. Figure 27 shows a 

record changer using an eccentric spindle plus a record shelf. 

Another actuating mechanism for the eccentric spindle utilizes a crank-

type drive. Figure 28 illustrates this, showing that the drive gear actuates 
a link shaped like a question mark, which in turn rotates a crank fastened 
to the spindle shaft. 

Spindle Type—Servicing Problems. Since the spindle-type mechanism has 
only a single support and much of the drop mechanism is confined within 

the spindle where it is not exposed, it is likely to cause less difficulty than 
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the other types. On the other hand, a portion of this mechanism is not 
visible, so any difficulty that exists may be hard to locate. 
Although the spindle-drop mechanisms will operate relatively well with 

warped records, poor center holes will cause considerable difficulty. Such 
records must be played manually or discarded. 

Fig. 27. A record changer with an eccentric-type spindle drop. (Westinghouse photo) 

Spindle Type—Record Does Not Drop. If the spindle pusher shaft is 
broken, records way not drop. In titis case, the pusher-shaft assembly will 
have to be replaced. 
The record pusher may not be moving far enough forward to eject a 

record. Any screws that hold the lift arm, lever, or other associated mech-

anism should be checked to see that they are tightened all the way. The 
shaft spring in the spindle housing should be checked if possible, to see 
that it compresses slightly when the shaft nears the end of its excursion into 

the spindle. 
If the roller spring is compressed and the pusher does not move forward 

far enough to eject a record, the spindle should be replaced. It may be neces-
sary to loosen a set screw in the spindle housing of the base plate to remove 
it from some machines. Do not use pressure to remove the spindle; if it 
sticks, check again to make sure that all mounting screws have been removed. 

If the pusher rises outside of the spindle body, it will not allow a record 
to drop. The pusher shaft must then be checked to see that it is not bent. 
A bent pusher shaft will cause the pusher to raise the record instead of push-

ing it off the spindle ledge. 
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One spindle-type mechanism has an adjustment nut at the bottom of the 
spindle assembly, as illustrated in Fig. 29. If the push-off finger does not 
drop the record, it may be set by stacking with 12-inch records to a height of 
1 inch. If the bottom record is not dropped when the changer is energized 
and the REJECT button operated, the adjusting nut should be turned one 
quarter of a revolution in a counterclockwise direction. This makes the 
pusher shaft longer. This operation should be continued in steps until the 
record is pushed off. When the adjustment is completed, check to make cer-
tain that the shaft is not too long as this will cause the changer to stall in 
its cycle. When the changer is in normal rest position, there should be very 
little play in the actuating lever. 
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Fig. 28. A changer mechanism with a Fig. 29. A spindle-type drop which provides an 

"question-mark" link to turn a crank and adjustment nut to change the effective length of 

activate the eccentric spindle drop the pusher shaft 

Spindle Type—Two Records Drop at Once. If the spindle guide is not 
fully down, two records may drop at once. If the guide is bent, it may be 
straightened by gently bending in the reverse direction with a pair of pliers. 
Should binding occur, it should be eased as gently as possible. If foreign 
matter is lodged in the spindle assembly, it may be removed with a thin 
tool such as a speaker shim. The guide will normally raise slightly during the 
drop but should return to place of its own accord. 
Where the record stabilizer is binding on the spindle, the latter should be 

checked to see that it is straight. If the spindle is found to be bent, it is 
better to replace it than to try to correct the condition. The record stabilizer 
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arm must be square with the spindle and must slide freely down the spindle 
without assistance. If it appears to be out of square, it may be bent gently 
with the fingers in the desired direction. 

If the record stabilizer shaft binds in the shaft post on the base plate, 

two records may drop at once. For this trouble, remove the shaft and clean 
both the shaft and the shaft post thoroughly with very fine emery cloth, 
then wash with carbon tetrachloride. After lubricating the shaft with a thin 
film of Lubriplate or STA-PUT, it may be reassembled. 

Spindle Type—Adjustment of 45-rpm Spindle. The adjustment of the 
push-off shaft in the type of 45-rpm spindle shown in Fig. 25 is correct 

when the distance between the end of the shaft and the top of the lock-

nut is 1% 2 inches. To check this setting, place the spindle on the changer 
and watch the slicer blades when pressing the spindle down for locking in 

place. If no movement of the blades is noted, the spindle will probably 
operate properly. 

If the slicers start to move out of the spindle when it is pressed down, 
adjustment is needed. Take out the spindle and loosen the locknut, then 

screw in the push-off adjusting shaft about one turn. After tightening the 
locknut, insert the spindle and check again. The procedure should be re-
peated until no movement of the slicers is noted. 

Spindle Type—Lubrication. With the spindle-drop mechanism very little 
lubrication will be required. The spindle bearing requires a few drops of 

SAE 10W oil. Other moving parts should be given a light application of 
Lubriplate or STA-PUT. 

All sliding portions of changers are normally lubricated with Lubriplate 
or STA-PUT No. 512. 

Record Defects. There are several types of record defects which can 
cause difficulty in operation of the dropping mechanism in slicer and pusher 

changers. Undersize records may cause two records to drop simultaneously. 
Oversize records may result in failure to drop. Warped records may not drop, 

may drop improperly, or may cause jamming. Likewise, improper location 

of the center hole or excessive wear in this portion may cause premature 
or uneven dropping, jamming of the mechanism, or simultaneous dropping 
of two or more records. These defects can be determined by inspection of 
the records. Since there is no remedy for them, the records should be dis-
carded for automatic playing. In most cases these records can be played 

manually. However, where the center hole is greatly enlarged, the record 
may be off center on the turntable and cause distortion. 

The only record defect that may affect spindle-type changers is an en-
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larged center hole. This can either make records drop prematurely or fail to 

drop. 
Record Squeal. If the stack of records squeals duc to friction between 

the center holes and the spindle, it can be eliminated by applying a small 

amount of wax to the spindle. 
Summary. The various methods of dropping records have been discussed 

in detail. With this information you can now tackle any problem involving 
the changing of records, regardless of the method used. Most dropping 
problems will be the fault of the records, but regardless of the reason you 
can make the necessary repairs to return the equipment to its proper condi-

tion. 

QUESTIONS 

1. What are the three methods of dropping the bottom record of a stack onto 
the turntable? 

2. How does a slicer-type changer separate the bottom record from the rest 
of the stack? 

3. I-Iow does a slicer-type intermix changer compensate for the smaller thick-
ness of the 10-inch record? 

4. What record defects are likely to cause improper dropping in a slicer-type 
changer? 

5. How does the spindle help in selecting the bottom record of a stack on a 
pusher-type changer? 

6. How do you adjust a pusher-type non-intermix changer for different record 
sizes? 

7. How do you lubricate a pusher-type changer? 
8. What record defects arc likely to cause improper dropping in a pusher-type 

changer? 
9. Describe how the record pusher is caused to operate in a spindle-type drop 

mechanism. 
10. What record defects are likely to cause improper dropping in a spindle-type 

drop mechanism? 
11. Why do the 45-rpm slicers come out of the spindle when the record shelves 

retract? 
12. How can you eliminate record squeal? 
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Cycling the Pickup Arm 

Pickup-arm Cycling. This chapter deals with the mechanisms used in 
record changers to move the pickup arm out of the way after playing of a 

record is finished so that the next record in the stack can drop. Return of 
the pickup arm to the beginning of the next record, known as indexing, 
is another important part of this operation. 
A large percentage of the troubles encountered in changer repair work 

can be fixed simply by making adjustments to the indexing section. The 
reason for this is that the pickup arm, being entirely exposed, has the great-

est chance of being mishandled by the person operating the unit. The parts 
that arc connected with it, although they may be underneath the mounting 
plate, are subjected to this same abuse. 

Operation of Changers. Changers can be divided into two types according 
to the way they operate after playing a stack of records. In one type the 
pickup arm will move to the side of the changer and stop on its rest post. 
The motor may or may not stop, depending upon design. This automatic-
shutoff type does not give too much trouble from mishandling because it 

has usually completed the cycle and shut off before the operator has had 
a chance to do anything about it. 

In the second type the changer repeats the last record until it has been 
shut off. This type of changer is apt to be more troublesome. One of the 
reasons for this is that the user, after hearing the last record repeated three 
or four times, decides that something should be done about it. Upon ap-
proaching the machine, he grabs the pickup arm, which is usually part way 
through the record. When the arm is picked up, the machine is unwittingly 

tripped by the erratic movement. Almost immediately a movement of the 
170 
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pickup arm is felt. The reaction, due to surprise, is often to grab and hold. 
This places a terrific strain on all of the mechanism involved. The result is 
bending of levers, moving of set-screw positions, or possibly breaking some 
of the parts. 

Shutting Off Changer during the Change Cycle. Another mistake that 
operators frequently make is to shut the changer off in the middle of a 
change cycle. When the cycle has been approximately half completed, 
the pickup arm will be in a raised position at the side of the changer base. 

If the motor is turned off at this point, cams, gears, and levers are left in 
their engaged positions. The next person using the changer may attempt 
to bring the pickup arm manually into playing position before turning on 
the motor. Again the pickup arm and its associated parts are subjected to a 
force which could bend some of the parts or change the indexing adjustment. 
The correct time to change records or shut off one of these changers is 

when the pickup arm has complete freedom of movement. This condition 
generally exists only during playing of the first third of a record. Suppose that 
the last record has been played through once and the pickup arm has again 
started to play this record. As long as the pickup arm has moved no more 
than a third of the way across the record, it is safe to pick up the arm, 
swing it out, and place it on its rest. This can be done because the trip 
lever attached to the pickup arm has not yet engaged the tripping mecha-
nism. Until the trip lever engages the trip mechanism, the pickup arm 
has complete freedom of movement. 

If more than a third of the record has been played, it is possible that the 
trip mechanism may be engaged. In this case, it is necessary to push the 
REJECT button and allow the changer to go through its change cycle. This 
brings the pickup arm into playing position on the first grooves on the 
outside of the record. Now the pickup arm may be removed and placed in 
its rest position. 

Requirements of Indexing Mechanism. Whether the pickup arm will set 
down to play a 7-, 10-, or 12-inch record is determined by manually setting 
a lever in the correct position for the size of record being played. On an 
intermix changer which plays 7-, 10-, and 12-inch records in one loading, the 
set-down position is determined by the records themselves. 

When the pickup arm is lowered to start playing a record, the ideal posi-
tion for it to land is in the space between the edge and the first groove of 
the record. Here the needle will engage what is known as the starting 
groove, which brings it quickly into the regular playing grooves. If the 
needle lands too far in, some of the first grooves will not be played. If the 



172 Repairing Record Changers 

needle comes down too far out, it will miss the record entirely. Either one 
of these troubles will call for an adjustment. 

If the pickup arm does not rise high enough to clear the pile of records 
during the change cycle, the needle will drag across the surface of the top 
record and scratch it. On the other hand, the pickup arm may rise too 
high, rubbing on the underside of the records still remaining to be played. 
Either of these conditions calls for an adjustment of the height-control 
parts. 

Types of Pickup-arm Cycling Mechanisms. Pickup-arm cycling mech-

anisms may be classified according to the activating portion. Hence we may 
have ( 1) a combination type where both the vertical and horizontal mo-

tions of the pickup arm during the change cycle are activated by the same 
source or ( 2) an independent type where different portions of the mecha-

nism cause the vertical and horizontal motions to take place. 
The basic operation can further be applied to a non-intermix changer, 

an intermix changer, or to both. Thus there are six possible types: ( 1) 
combination; ( 2) combination non-intermix; ( 3) combination intermix; 

(4) independent; ( 5) independent non-intermix; (6) independent inter-
mix. 

In the following paragraphs the various indexing mechanisms will be 

discussed one by one. In addition to the workings of each type, the method 
of repair, adjustment, and lubrication will be discussed. Upon completion 
of this you will know how to completely repair 90 per cent of the record 
changers that you will encounter. 

Combination Non-intermix—Indexing. The record changer shown in Fig. 

1 is typical of those having an easily accessible indexing adjustment. This 
is a screw that is reached by inserting a small screwdriver in a hole in the 
top of the pickup arm, near the rear. The illustration shows a side view of 

the changer, showing the parts involved and their positions with respect 
to each other. It is of the combination cycling type—the vertical and 
horizontal movements of the pickup arm are both obtained from the same 

mechanism. The pickup-arm shaft protrudes down through the base plate 
into the chassis assembly. Attached to this shaft on the underside of the 
base plate is the pickup-arm raising disc. During the change cycle this disc 
is pushed up by the pickup-arm raising lever. The pickup-arm raising lever 

is in turn moved by the cycling cam because a stud at the other end of 
this pickup-arm raising lever rides on a track on the cycling cam, as shown 

in Fig. 2. 
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Assume that the needle of the pickup arm is just about to enter the 
eccentric trip groove of the record being played. As the playing of the 

record has progressed, a V-shaped cut in the pickup-arm raising disc has 
been rotating ( clockwise as viewed from the top) and approaching the 
beveled edge of the pickup-arm raising lever. The cutout never does quite 
reach the beveled edge even when the needle is in the eccentric groove 
of the record. 
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PICKUP ARM RAISING LEVER 

PIVOTS 

CHASSIS 

SUPPORT POSr 

PICKUP ARM SHAFT 
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PICKUP ARM 
RAISING DISC 
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SPRING 
PICKUP ARM 

PROJECTION SHAFT BRACKET 

Fig. 1. A right-side view of a combination set-down changer shows the relationship of the pickup 

arm to the parts that determine its movements 

When the mechanism is tripped, the cycling cam starts to rotate and 
applies a downward pressure to the stud end of the pickup-arm raising 

lever. Since the fulcrum is in the middle, this causes the other end of the 
lever to push up the pickup-arm raising disc. This in turn raises the pickup-
arm shaft, thereby lifting the needle from the surface of the record. 

Immediately following this, the track in the cycling cam causes the 
stud end of the pickup-arm raising lever to move in toward the center of 
the cam. In so doing, the opposite end of the pickup-arm raising lever 
swings out. As there is a lot of friction between the beveled edge of the 
pickup-arm raising lever and the pickup-arm raising disc, the disc is moved. 

This swings the pickup arm out away from the spindle. The pickup arm 
swings out until the projection on the pickup-arm raising disc contacts the 
pickup-arm shaft bracket. The bracket keeps the pickup-arm raising disc 
from rotating further. The beveled edge of the pickup-arm raising lever 
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continues to move, slipping along the pickup-arm raising disc until it slides 
into the V cut on the pickup-arm raising disc. 

The track of the cycling cam is cut so that the pickup-arm raising lever 
is held in this position until a record drops on the turntable. After this has 
happened, the track then reverses the movement of the pickup-arm raising 

lever. Since the beveled edge and the V in the pickup-arm raising disc are 
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Fig. 3. When the pickup arm is moved over its 

rest post, the projection on the raising disc fits 

in the groove between the support post and 

the pickup-arm shaft bracket 

now engaged, the entire assembly ( including the pickup arm) will swing in 

a distance determined by the track in the cycling cam. This distance corre-
sponds to the correct set-down position so that the needle is over the lead-in 
groove of the record. 
At this point the pressure exerted at the stud end of the pickup-arm 

raising lever is relieved, and the entire assembly of the pickup arm, pickup-

arm shaft, and the pickup-arm raising disc is lowered. This causes the 
needle to set down in the starting groove of the record. 

In the neutral position after set-down, there is sufficient clearance be-
tween the beveled edge of the pickup-arm raising lever and the bottom 
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edge of the pickup-arm raising disc so that there is no binding between 
these two parts. The needle therefore rides freely in the grooves of the 
record. 
Combination Non-intermix—Rest Position. When the pickup arm is 

lifted and moved to the rest post of the changer, the projection on the 
pickup-arm raising disc touches the outer edge of the pickup-arm shaft 

bracket. At this position the pickup arm is not yet on the rest post. A 
little more pressure must be exerted outward in order to make the lip 
rise up over the bevel on the pickup-arm shaft bracket and seat itself be-

tween this bracket and the support post adjacent to it. When the lip is in 
this groove, as shown in Fig. 3, the pickup arm is locked in position on its 
rest post. 
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Fig. 4. The pressure or lack of pressure applied by the index spring determines which side of 

the cam groove the raising-lever stud will follow. Spring tension is adjusted by the setting of the 

selector post and shaft 

Combination Non-intermix—Change of Set-down for Different Record 

Sizes. With a non-intermix changer, the record-selector post must be 

preadjusted by the operator for the size of the record. This automatically 
moves a lever which changes the index-spring tension applied to the pickup-
arm raising lever causing it to follow either the inside or the outside of 
the track that is on the underneath side of the cycling cam. Both sides of 

the track on the cycling cam control the movement of the pickup-arm 
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raising lever in a similar manner. The only difference is in the distance 

out from the spindle at which the needle sets down in the starting groove 
of the record being played. 

When the selector post is in the 12-inch position, the pickup-arm raising 
lever is released from the index-spring action, as shown in Fig. 4. The weight 
of the pickup assembly has sufficient load so that it drags. When the stud 
comes to the widened portion of the cycling-cam groove, the stud is in and 

the pickup is out. The cycling cam moves the stud outward, and the pickup 
arm moves inward. Because of the drag the stud follows the inside of the 
cycling-cam groove so that when the pickup arm sits down it is out to the 
12-inch position. 

When the selector post is turned to the 10-inch position, the index lever 
moves toward the pickup-arm raising lever, causing the index spring to 

compress and place a force against the pickup-arm raising lever. This force 
keeps the stud as far out as possible. When the cycling cam moves so 
that the stud enters the wide portion of the groove, the index spring makes 
the stud follow the outer edge. This makes the pickup arm move to the 
inner or Minch set-down position. 

Combination Intermix Cycling—Indexing. In one typical intermix 
changer the basic cycling mechanism is similar to the non-intermix type 

just studied. The record-selector post has a step in it, however. When a 
10-inch record is on the bottom of the stack, it rests on the lower surface 

with its edge adjacent to the riser so that it can be pushed. On each side 
of the selector post, as shown in Fig. 5, are metal pieces which together 

form another step. When a 12-inch record is on the bottom of the stack, 

it rests on this step. The riser sections of these pieces are adjacent to the 
record edge, so the record may readily be pushed off the spindle. These 
metal pieces arc pivoted so that they are raised when a 10-inch record is 
on the bottom. The weight of a 12-inch record forces them down when it 
is on the bottom of the stack. 

One of these metal pieces has a long arm extending below it. On the 
end is a hook. This piece is called the record-selector lever. The hook 

catches under a surface on the index lever when the selector lever is in the 
up position ( 10-inch record on the bottom). When the selector post moves 
inward during the change cycle, the selector lever pulls up on the index 
lever. Since the index lever is pivoted on the upper right, it rotates clock-

wise, compressing the index compression spring. This causes the stud on 
the pickup-arm raising lever to follow the outside edge of the cam groove. 
When a 12-inch record is on the bottom, the top of the record-selector 
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lever is forced downward, causing the hook to rotate away from the index 
lever. As a result, there is no spring pushing against the pickup-arm raising 
lever, and the stud follows the inner edge of the cam groove. 
Combination Intermix—Indexing of a Three-speed Changer. In a three-

speed record changer using the basic mechanism just studied, the record. 

selector post has a third position to provide support for 7-inch records. To 
provide proper record set-down, the pickup-arm raising disc has a projec-
tion on the lower side on the portion closest to the selector post. Under this 
is a right-angled 10-inch set-down lever, pivoted at its bend so it can rotate 
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ANO SELECTOR LEVER 

PICKUP ARM 
RA/SINE LEVER >INDEX COMPRESS/ON 

SPRING 

SELECTOR 
POST 

HOOKED ENO 
OF SELECTOR 
LEVER 
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Fig. 5. Selection of 10-inch or 12-inch indexing is controlled by the 12-inch shelf and index lever 

horizontally. On the outside end of this 10-inch set-down lever, just under 

the projection on the raising disc, is a hook designed to catch the pro-
jection when the pickup arm is just above the 10-inch set-down point. A 

tension spring normally holds the hook away from the raising-disc pro-
jection. 

The cycling cam is cut so that the pickup arm sets down for either 12- or 
7-inch records, depending on whether the stud follows the inside or outside 
edge of the cam groove. The setting of an index spring controls the stud, 

just as with the model previously discussed. When the selector post is in 

the 10-inch position, the index spring is compressed the same as when it is 
in the 7-inch position. 

The stud follows the outer edge of the cam groove in both the 7- and 
10-inch positions. However, when the selector post is set for the 10-inch 
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position, the selector-lever collar is in a position such that an added pro-

jection is facing the spindle. As the selector post moves in to push the 
record off the spindle during the change cycle, this projection pushes 
against a set-down actuating lever added to the rocker-arm assembly. Figure 
6 shows this. This set-down actuating lever in turn pushes against the 

inside end of the 10-inch set-down lever, 
causing it to rotate slightly. This moves 
the hooked outer end into position to 
catch the projection on the raising disc, 
stopping the pickup-arm movement just 
above the proper 10-inch set-down point, 
as illustrated. 
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Fig. 6. A three-speed combination set- assembly, under the base plate, as shown 
down changer using a special lever or- in Fig. 8A. 
rangement to hook the end of the pickup- The set-down disc assembly and the 
arm raising disc when the pickup arm is 
properly indexed for 10-inch records. The pickup-arm raising disc work together 
spring keeps the hook disengaged from with a set-down lever to manipulate the 
the raising disc projection except when set-down indexing. The set-down lever 
the projection on the selector-lever collar has a roller mounted on one end which 
contacts the actuating lever 

contacts the cycling cam. Its action is 
similar to that of the rocker-arm assembly previously discussed. As the 
change cycle starts, the pickup is lifted from the record and is moved out 
by action of the pickup-arm raising lever and its associated mechanism, as 
previously described for other models. The vertical cycling-cam action 
against the roller causes the set-down lever to move up into one of the 
grooves in the set-down disc assembly. The groove into which it moves is 
dependent upon the setting of the index finger. 
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If the index finger is all the way in ( no records on the spindle), the 
set-down lever will slide into the left-hand groove. Going to the right, the 
other grooves correspond to 7- and 10-inch records, and the portion on 

the right end corresponds to the 12-inch position. The pickup-arm raising 
lever follows the outside edge of the cam groove for all positions due to 
spring tension. 
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Fig. 7. This changer with spindle type drop utilizes an automatic index finger to control the 
combination indexing. (Howard W Sams photo) 

With 7-inch records on the stack, the set-down disc assembly is fully 
counterclockwise. The set-down plate does not contact the pickup-arm 
raising disc under this condition, and the cycling cam controls the set-down 
Position. 

With 10-inch records on the stack the set-down disc position is as shown 
in Fig. 8B. Now as the pickup-arm raising lever returns the pickup-arm 
raising disc and pickup arm toward the set-down point, the end of the 

set-down plate contacts the stop car on the set-down disc assembly, stop-
ping the pickup arm in the proper horizontal position. 

The index assembly is designed so that the same stop ear is used for both 
10- and 12-inch records. The index finger and thus the set-down disc as-
sembly are further clockwise for the 12-inch record, shortening the inward 
(clockwise) movement of the pickup-arm raising disc and pickup arm. 

After the last record has been played, the index finger is furthest counter-
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Fig. 8. The set-down disc assembly rotates with the index finger. The set-down lever is raised by 

the cycling cam during the change cycle so that the set-down disc assembly is held in place. This 

stops the set-down plate for proper indexing 

clockwise. This rotates the set-down disc assembly so that the lock-out ear 
now stops the set-down plate when the pickup arm is over the pickup-rest 
post as shown in Fig. 8C. The reset lever which is a part of this assembly 
is used to reset the trip mechanism. Such action is discussed in anothei 

chapter. 
Combination Cycling—Lift-mechanism Troubles. The lift mechanism 

here, as in most changers, is a simple lever system using a cam to initiate 
the action. Only two adjustment limits are involved. The pickup-arm lift 
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must not be so great that the pickup arm hits the unplayed records on the 
record support. On the other hand, the lift must be enough so the needle 
clears the top record when the entire stack is on the turntable. 

Dried lubrication or dirt may cause the pickup-arm shaft to bind. In 
this case the shaft will have to be removed from the assembly for cleaning 

with carbon tetrachloride, then polished with a very fine emery cloth or 
crocus cloth. The shaft hole should also be cleaned by saturating a small 
cloth with carbon tetrachloride and poking it through the hole with a 
screwdriver. If necessary, gently run a very small file through the hole to 

remove any dirt that still adheres. Care should be used as no metal should 
be removed. The shaft can then be tried for a fit. If it is free, remove and 
reassemble after applying a little Lubriplate or STA-PUT. 

It is generally sufficient for the 
needle to clear the top record of a 
full turntable stack by %6 to % inch. 
To adjust the lift, trip the mecha-
nism and rotate the changer through 
a cycle until the pickup arm has risen 
to its maximum height above the 

turntable but has not yet begun to 
move out. It is simple to stop at this 
point if the turntable is rotated by 
hand. 

A typical method of making this 
adjustment, shown in Fig. 9, involves holding the pickup-arm raising lever 

at point A and bending it at point B. Use either long-nose or duck-bill 
pliers. Bending upward at B will raise the pickup arm. Care should be 
taken so that the lever is not twisted during this effort. No attempt should 
be made to move the pickup-arm raising disc either up or down. 

Combination Cycling—Indexing Adjustment. It is a common practice to 
use sonic sort of cam arrangement to provide indexing adjustment. This is 

frequently located in the pickup-arm assembly. Figure 10A illustrates one 
such arrangement. 

The pickup-arm shaft is rigidly fastened to the pickup-arm hinge so that 
when the shaft rotates, the hinge ( and pickup arm) rotates. The pickup 
arm has a plate fastened to it on the inside providing a sturdy mounting 

surface. The hinge is fastened to the pickup arm or plate with one fixed 
screw located at the rear. The other fastening screw is an eccentric. The 

screw shaft centers in a hole in the plate. The eccentric portion fits into 
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PICKUP ARM 
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Fig. 9. Adjustment of the clearance between 

the needle and the records in a combination 

indexing changer is made by bending the 

pickup-arm raising lever. The lever should be 

held at point A and bent up or down as re-

quired at point B by use of pliers 
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the hinge. The relative position of the hinge and the plate depends on 

the position of the eccentric. Adjustment moves it back and forth. 
If the eccentric screw does not give enough correction when in its ex-

treme position, return the screw to its middle position so it will be useful 
in the future. Now put the record-selector post in the 10-inch position. 
Operate the mechanism by revolving the turntable by hand until the needle 
drops to within inch of a 10-inch record on the turntable. Locate the 
two screws that control pickup-arm position, illustrated in Fig. 10B. Using 
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Fig. 10. The fine indexing adjustment is a cam-operated lever available through the top of the 

pickup arm. The coarse indexing adjustment is made by alternately adjusting two screws on the 

pickup-arm shaft below the base plate 

the right size of Bristol wrench, alternately loosen one and tighten the 

other until the needle is brought to the desired point. Check the adjust-
ment by changing the record-selector post to the 12-inch position and watch-
ing the needle drop point on a 12-inch record. When this adjustment is 

finished, be sure that both set screws arc tight. Since this entire action 
is accomplished by the pressure of the screws against the sides of V-shaped 
grooves, both screws must be tightened simultaneously or the index point 

will change. 
Combination Cycling—Pickup Arm Drops off Rest. When the pickup 

arm is moved to the rest position, the projection of the pickup-arm raising 

disc should rest in the groove formed when the inside bevel of the pickup-
arm shaft bracket touches the support post in Fig. 3. When the bracket 
is properly adjusted, there should be 0.01 inch clearance between the lip 
of the pickup-arm raising disc and the bottom of the groove. 
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If this clearance is too large, the pickup arm may fall off the rest posi-

tion when coming down on it after the last record is played. To correct 

the clearance, adjust the bracket. First loosen the two set screws on the 
pickup-arm raising disc. With the bottom of the pickup-arm shaft resting 
on the chassis and the pickup arm on the rest post, set the clearance prop-

erly and tighten the set screws. It will now be necessary to check the in-

dexing on a record and possibly readjust it as previously described. Be sure 
that the set-down of the needle on a 12-inch record is checked, taking care 

that the projection of the pickup-arm raising disc does not hit the beveled 
side of the bracket. 

Lubrication of Combination Mechanism. Apply SAE 10W oil to the bot-
tom bearing point of the pickup-arm shaft where it passes through the 

pickup-arm shaft bracket and where it goes through the base plate. Lubri-
plate should be applied to the pivot points of the pickup arm and on the 
sharply beveled edge on the end of the pickup-arm raising lever. The tracks 
of the cycling cam, the bearing surfaces of the pickup-arm raising-lever 
assembly, and the pivot of the pickup-arm raising lever should be lubricated 
with Lubriplate or STA-PUT. 

Independent Set-down Mechanism. In one of the earlier changers, the 
raising and lowering action of the pickup arm is independent of the in-

dexing action. Figure 11A is an underneath view of this changer, showing 

those parts which are directly concerned with the horizontal positioning 
of the pickup arm. The index finger on the pickup-arm return lever is in 
contact with the larger portion of the cam segment. This is the position 
when the record-shelf support has no records on it and it has been allowed 
to rise. 

When the shelf support has records on it, the record-support shaft will 
drop down, and the index finger will ride in over the top of this cam and 

come to rest against the support shaft. The pickup-arm feed-in spring is 

fastened to the base plate at one end and so placed that it will keep the 
index finger pressed against either the cam segment or the support shaft 
unless some force is exerted in a direction opposite to its pull. 

As the needle enters the eccentric groove of the record, the pickup-arm 
lever is quite close to the pickup-arm rotating lever. 'When the mechanism 
is tripped, the drive gear starts to rotate, causing the pickup-arm rotating 

lever, which is contacting the cam track of the drive gear, to move outward. 
The lower left end moves in a counterclockwise direction. This motion 

continues until the pickup-arm rotating lever contacts the stud on the 

pickup-arm lever, forcing the pickup-arm lever to move clockwise. Since 
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the pickup-arm lever is fastened to the pickup-arm shaft, the pickup arm 
is moved out from underneath the stack of records yet to be played. 
As the outward movement is continued, the stud on the pickup-arm 

lever moves the pickup-arm return lever far enough so that the index finger 
leaves the support shaft for a short distance. All levers are held momentarily 

in this position until another record has dropped. 
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Fig. 11. The pickup-arm lift and indexing mechanism in a changer where the actions are gov-

erned independently 

After the new record is on the turntable, the cam track moves the pickup-
arm rotating lever to its neutral position, which is in toward the center of 
the drive gear. The feed-in spring on the pickup-arm return lever causes the 
pickup-arm lever to move in until the index finger again contacts the 

support shaft. 
Since the stud of the pickup-arm lever was resting against the pickup-

arm return lever, the pickup-arm return lever will cause the pickup-arm 
lever to be moved in too. When the index finger is stopped by the record-

support shaft, the pickup-arm lever is in the correct position for the needle 

to be set down on the record. 
The feed-in spring, attached to the pickup-arm return lever, will exert 

just enough inward pressure on the stud of the pickup-arm lever to make 
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the needle enter the first playing groove of the record, even when the 
record has no lead-in groove. 

Independent Pickup-arm Lift Mechanism. The pickup arm is fastened 
to a hollow pickup-arm shaft, as shown in Fig. 11B. The pickup-arm lift 

rod goes through the center of this hollow shaft and has at its top end a 
rubber button. At the bottom end of this lift rod is the pickup-arm raising 
lever, its pivot support, and the adjusting screw A, which rides against the 

drive gear. The pickup-arm raising lever is slotted at the point where the 
pickup-arm lift rod extends downward through it. As the pickup-arm rais-

ing lever rises, contacts a C washer that is locked on the pickup-arm lift 
rod and pushes against this washer to raise the pickup-arm lift rod and the 
pickup arm. 

A support bracket is used to stop the downward movement of the pickup 
arm so that the needle will never touch the base plate of the changer. This 
is a preventive measure, as jeweled needles can easily be chipped by com-

ing in contact with a hard surface. If the needle touches the base plate, 
the bracket should be adjusted by bending so that the needle clears by 
approximately ., inch. 

As the needle enters the eccentric groove at the end of the record and 
trips the mechanism, the drive gear starts to rotate. The adjusting screw A 

is forced down almost immediately by the downward incline on the bottom 

face of the drive gear. Since the pickup-arm raising lever is pivoted in the 
middle, this causes the other end of the lever to rise against the C washer 

on the pickup-arm lift rod. The rod then rises until its rubber top button 
pushes up the pickup arm. The lift mechanism remains in this position 
until the rest of the cycling movement has been completed. Then, as the 

drive gear comes into the neutral position, the adjusting screw A is allowed 
to rise up another incline on the drive gear, relieving the upward pressure 

exerted through its associated mechanism. The right end of the pickup-
arm lift rod moves down and the pickup sets down on the record. 

Independent Lift Mechanism—Lift Adjustment. This changer has 
a screw adjustment for lift. For this, loosen the locknut and adjust the 

screw A until the distance between the turntable top and the needle tip is 
not less than Win inches. This will now give the correct adjustment for 

the proper rise of the pickup arm to clear a full load of records. If the ad-

justment is made so that the pickup arm rises somewhat higher, no harm is 
usually done. However, make sure that the top of the pickup does not 
strike the bottom of a stack of records loaded on the mechanism. 

In record changers, never tighten seemingly loose screws unless you first 
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make sure that tightening can do no damage. As an example, tightening 
the shaft screws marked B in Fig. 11B can cause binding between the 
pickup-arm lift rod and the hollow pickup-arm shaft through which it 
runs. Excessive tightening of the screws here can cause the pickup-arm 

shaft to be distorted and forced out of round. 
Pickup-arm Pivot Screw. In this mechanism one of the pivots which 

supports the pickup arm is an adjustable screw. If screwed in too far, 

it will make the pickup arm move up and down very stiffly. If too loose, 
it will allow the pickup arm to move back and forth without the pickup-
arm support shaft moving and could possibly interfere with the tripping 
mechanism. This pivot must be adjusted so that the pickup arm is firmly 
held yet has complete freedom of vertical movement. After making the 
adjustment, look for a set screw or locknut which acts on the screw. If one 
is there, tighten it to lock the pivot in position. 

Independent Set-down Mechanism—Troubles. If the pickup-arm return-

lever spring is loose or missing, the needle may set down off the edge of 

the record. To remedy this condition, the loose end of the spring must be 
replaced on its anchoring post or hole and the loop tightened so that it 

cannot come off again. 
If it is necessary to replace the spring, use one just strong enough to in-

sure consistently correct set-down. This may involve trying a few different 
sizes of spring. Too strong a spring will cause too much binding or strain-
ing of the parts. Too weak a spring causes wrong set-down. 

Binding of the pickup-arm return lever on its pivot can cause wrong set-
down also. If there is an accumulation of hardened lubrication in the 
stud hole of the pickup-arm lever or on the stud itself, wash it off thoroughly 

with carbon tetrachloride and polish the adjacent stud and lever surfaces 
with a very fine emery or crocus cloth. Clean again to remove emery par-
ticles, then lubricate with a light grease such as STA-PUT. 

Binding of the pickup-arm shaft in its bushing is another cause of erratic 

set-down in this mechanism. To fix, loosen the two screws marked B in 
Fig. 11B, and remove the pickup-arm lever from the shafting. Now remove 
the pickup arm by loosening the one pivot that is a screw. The spring to-
ward the rear of the pickup-arm assembly, which acts as a counterbalance, 
must be unhooked at either end to free the pickup arm. Leave the pickup 
wire connected. 
The lift rod can now be removed from the pickup-arm shaft. If dried 

lubrication or som foreign matter is causing the binding, a thorough wash-

ing with carbon tetrachloride will remove it. If necessary, use very fine 
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emery cloth or a file to get out hardened pieces of grease. The shafting 
should be tried in the shaft hole until the proper fit is obtained, then lubri-
cated with STA-PUT or Lubriplate. 

If the set screws that attach the pickup-arm lever to the pickup-arm 
shaft are loose, the pickup arm and shaft may move regardless of whether 

or not the pickup-arm lever moves. This is another cause for erratic set-
down of the pickup arm. To remedy this, trip the changer and rotate the 
turntable by hand until the pickup needle is just barely down at the start 
of a record. Adjust the pickup arm so the needle is about 1A inch in from 
the edge of the record, then tighten the set screws ( marked B in Fig. 11B). 
This will give the proper set-down position for the needle. If tightened too 
much, these set screws may distort the hollow pickup-arm shaft and cause 

binding of the pickup-arm lift rod. The shaft will then have to be replaced 
as repair is usually too difficult. 

Since the stud on the pickup-arm lever is definitely a determining factor 
in the positioning of the pickup-arm assembly, its position is quite critical. 
Normally it should be fastened in a perpendicular position on the pickup-
arm lever. A bent stud could cause set-down off the record or in beyond the 
first grooves. Use pliers carefully to straighten a bent stud. 

A loose stud could also give erratic indexing. To tighten the stud, re-
move the pickup-arm lever from the pickup-arm shaft, and place the top 
of the stud on the anvil part of a vise or on some solid block of metal. With 
a ball-peen hammer tap that part of the stud which protrudes through the 

hole of the pickup-arm lever until the stud is firmly seated in its hole. The 
pickup-arm lever can then be replaced on the pickup-arm shaft and the 
needle set-down position adjusted. 

The index finger, which is part of the pickup-arm return lever, must be 
in such a position that it rides directly on the center of the large sec-

tion of the cam segment with no records on the record shelf. If the index 
finger is bent, straighten it with duck-bill pliers or other smooth-jawed 
pliers. 

If the cam segment is too high or too low, remove all records and loosen 

the set screw on the cam ( marked C in Fig. 11A). Move the cam segment 
so that the pickup-arm return lever rides on the middle of the segment. Now 
rotate the entire cam until it is in such a position that the pickup-arm 

return lever will never ride off either end when the record-separator post is 
rotated during the cycle. Finally, check the pickup-arm return lever to see 
that it rides in over the top of the cam when the record shelf is depressed. 
The set screw C can then be retightened. 
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When the pickup arm is moving toward set-down, the stud of the pickup-

arm lever is in contact with the edge of the pickup-arm return lever and 
must move along this surface. If there are any burrs or rough spots on the 
edge of the pickup-arm return lever, or if the stud itself is rough, binding 
may occur and cause erratic set-down. Remove these burrs or rough spots 
with a fine file or a very fine emery cloth, then apply a small amount of 
Lubriplate or STA-PUT to these surfaces to further reduce friction and 

wear. 
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Fig. 12. Bottom view of independent changer with worm drive showing the linkage to the 

pickup-arm lift and indexing assembly. (Howard W. Sams photo, courtesy of V-M Corp.) 

Independent Cycling Type—Lubrication. \pply SAE IOW oil on the 
pickup-arm pivots, the pickup-arm raising lever, the pivot of the pickup-
arm return lever, and the pickup-arm lever. STA-PUT or Lubriplate is 
recommended on the drive-gear cam surface which the adjusting screw A 

contacts, on the contact points between the pickup-arm return lever and 
the pickup-arm lever stud and on the contact points between the segment 

cam (and record-support shaft) and the index finger. Lubriplate or STA-
PUT may be used to lubricate the pickup-arm lift rod and the bushing of 

the hollow pickup-arm shaft. 
Independent Non-intermix—Cam Indexing Mechanism. In one changer 

using a worm-drive mechanism, a flat cam provides proper indexing during 
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set-down. The bottom view of this mechanism is shown in Fig. 12. During 

the change cycle, power is transmitted from the spindle worm gear through 
the follower. 

When the follower trip is actuated at the end of a record, the follower 
contacts the worm and moves downward. Since the follower lever is 
pivoted near the center, the other end moves upward. This far end is lo-
cated under the trip crank and lift-rod assembly, causing the lift rod to 
move up. As the assembly raises, the arm of the trip crank contacts the in-

clined portion of the index cam and rides up the incline as in Fig. 13. The 
trip crank pivots about the lift rod 
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This record-changer mechanism is Fig. 13. A cut-away view of the independent 

not of the intermix variety. To ad- set-down changer illustrating the cam and other 
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parts involved in the indexing of the pickup just for record size, the record shelf is 
arm 

set. This moves the index cam to ad-

just for the proper set-down. When the index cam is toward the center, the 

pickup arm will set down properly on the 10-inch size. When the index 

cam is toward the outside, the pickup arm sets down at the end of the 
12-inch record. 

Independent Non-intermix—Indexing Adjustment. The indexing of this 
unit is adjusted by loosening the locknut on the indexing cam ( Fig. 12) 

and turning the index adjustment screw. Clockwise adjustment moves the 
pickup toward the center. Counterclockwise adjustment moves the pickup 
away from the center. The adjustment may be made with either 10- or 
12-inch records and should be correct for both. 

If the pickup arm or pickup crank are loose due to mishandling, it will 
be necessary to set the arm before adjusting. To do this, loosen the set 
screw in the pickup crank. Next, turn the crank until the screw in the 
base plate stops it. Move the pickup arm to about I., inch from the spindle, 
tighten the set screw, then make the index adjustment. 
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If it is necessary to adjust the lift of the pickup arm, loosen the locking 
nut and then turn the adjusting screw at the top of the lift rod. When the 
screw is turned clockwise, the pickup arm will be lowered. After the ad-
justment has been completed, tighten the locking nut. 
Independent Non-intermix—Improper Indexing. If the needle set-down 

point is incorrect, it can be checked to determine whether it needs adjust-
ment or whether other troubles exist. With the changer in the 10-inch 
position push the index cam in with the fingers as far as it will go, and 
check the indexing. Set to the 12-inch position, and hold the index cam 
as far out as possible while checking the set-down. If the indexing is not 

satisfactory, adjust it. 
If the indexing is satisfactory, check to see that the index cam does not 

creep or bind. Check the trip crank and index cam where they meet, look-
ing for burrs or worn grooves. Smooth any rough surface by filing if neces-
sary and then polishing with a crocus cloth. Clean off well, and lubricate 

with Lubriplate or STA-PUT. 
Independent Non-intermix—Lubrication. The lift rod, the portion of 

the index cam where the trip crank contacts it, and the contact surface 

between the trip crank and the pickup crank should be lubricated with 
Lubriplate or STA-PUT. A small amount of SAE lOW oil should be ap-
plied to the index where it slides in its bracket. 

Independent Intermix—Cam Indexing. The simple indexing arrange-

ment of Fig. 14 serves for one type of changer employing independent 
intermix operation. When the drive gear rotates, the roller on the lift arm 
follows the heart-shaped cam. The outside end of the lift arm has an in-

clined surface which pushes on the pickup-arm lift rod. As the end of the 
lift arm moves, the relative height of the inclined surface changes. As the 
cycle starts, this causes the pickup-arm lift rod to rise, lifting the pickup 

arm from the record. As the lift arm moves, the end hits the stud on the 

circular pickup-arm rotating lever and rotates the pickup arm. 
During the change cycle, the index finger and pickup-arm rotating lever 

come into contact. These parts are notched and mesh during this part of 

the operation. After half of the cycle has been completed, the index-finger 
spring causes the index finger to return, and it comes to a stop against the 
index cam. This establishes the index point. 
The index cam is manually set for the type of records being played. There 

are two positions—one for 7-inch records and one for 10- and 12-inch 

records. In the latter position the pickup normally sets down in the 10-inch 

position. 
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The 12-inch set-down adjustment is built into the pickup arm and is 
shown in Fig. 15. This consists of a spring-loaded trip mechanism. The trip 
arm, called the set-down actuating lever, extends out beyond the pickup 

arm on the inner portion so that when a 12-inch record drops, the outer 
edge of the record strikes the lever, causing the pickup to set down for a 
12-inch record. 
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Fig. 14. A bottom view of an independent intermix set-down mechanism using a cam on the end 

of the lift arm for both lift and indexing. (General Electric photo) 

The mechanism shown in Fig. 15 consists of an inner and an outer sec-
tion mounted concentrically. A catch contacts a rest stop setting the rela-

tive position of these two. The inner section rotates as determined by the 
indexing mechanism underneath the chassis. The outer section is free to 
rotate a small amount in either direction with respect to the inner section. 
As the pickup arm moves counterclockwise to clear the record stack 

during the normal change of 10-inch records, the motion of the outer 
section is restricted by means of a stop not shown. The inner section rotates 
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more but has a stud that eventually contacts the illustrated stop. The right 
end of the catch is released and the spring causes it to rotate counterclock-

wise to a point opposite the 10-inch step. 
When a 12-inch record drops, the edge strikes the set-down actuating 

lever. A projection on the right end of this lever catches a stud on the 
set-down cam so that they move together. The rising cam surface contacts 
the lower end of the catch, causing it to slide into the 12-inch step. Hence, 
the outer section moves counterclockwise. 
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Fig. 15. A 12-inch index mechanism located in the pickup arm. The 12 inch record strikes the 

set-down actuating lever when it drops, actuating the index mechanism. (Courtesy of V-M Corp.) 

Since the inner section of the mechanism is fixed in position, the posi-
tion of the outer mechanism determines the position of the pickup arm. 
When the catch is in the 10-inch step, the outer section ( and the pickup 
arm) is in the maximum clockwise direction. The pickup arm is there-
fore closest to the spindle, as required for 10-inch set-down. When the 
catch is in the 12-inch step, the outer mechanism is in the maximum 
counterclockwise direction so that the pickup arm sets down further out 
from the spindle for 12-inch set-down. 

Independent Intermix—Adjustment of Pickup Arm. The indexing ad-
justment is made by means of two screws, as shown in Fig. 15. These adjust 
the relative position of the inner and outer sections. If the needle sets down 
too far out on the record, it is necessary to rotate the outer section clock-
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wise with respect to the inner section. This is done by loosening the back 
(upper) screw and then tightening the front ( lower) screw. Adjustment of 
about 1/4 turn at a time is suggested. 

If the needle sets down too far in on the record, the reverse is necessary. 
Loosen the front screw and tighten the rear. In either case both screws 
must be tightened equally upon completion. The same adjustment serves 
for all sizes of records. 

Height of the pickup arm is adjusted by a screw on the top of the pickup-
arm lift rod as described for other changers. 

Independent Intermix—Set-down Trouble. If the pickup does not set 
down properly, check to see if this happens for all sizes of records. If it hap-

pens only on 7-inch records, the index finger is likely to be bent or damaged. 
Straighten it with a pair of long-nose or duck-bill pliers, or replace it. 

If the trouble occurs on 12-inch records, check to see if the record hits 
the set-down actuating lever when it drops to the turntable. If it does not, 
it is probably due to an undersize record, an oversize center hole in the 
record, or a defective stop on the hinge body. If the record hits the set-down 
actuating lever, check to see that the lever stays down. If it doesn't, stop 
the changer before the pickup arm starts to move in over the record. Check 
the catch to see that it can move freely. Any binding due to dirt can be 
cleared by washing thoroughly with carbon tetrachloride. Any burrs must 
be removed by filing lightly and polishing with a crocus cloth. Another 

possible trouble is that the catch doesn't go into the 12-inch step. This 
can be checked by stopping the pickup arm in its outermost position and 
manually tripping the set-down actuating lever. Binding of the catch so 
that it doesn't rotate or binding between the set-down cam and the catch 
can cause this trouble. Remove any burrs by filing lightly, polish with a 
crocus cloth, and clean with carbon tetrachloride. 

If indexing is not proper for 10-inch records or for all sizes and adjusting 
the set-down doesn't cure the trouble, it is likely that the trouble is in 
the combination of the pickup-arm rotating lever and index finger. When 

the lift arm starts to operate the lift rod, the index finger must mesh with 
the pickup-arm rotating lever. To check this, stop the changer at this point 
and swing the pickup arm toward the spindle. If the mesh releases when 
the pickup arm is about halfway in, attention is required. Check for dirt, 
burrs, or other foreign particles which may keep these parts from meshing, 
and remove the cause of the difficulty. There are notches in both which 
give the meshing action, so care must be taken not to smooth off these 
surfaces. 
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Independent Intermix—Slide-type Indexing Mechanism. With the slide 

mechanism of Fig. 16A an inclined surface on the end of the cycling slide 
serves for raising the pickup arm. As the inclined surface of the slide forces 
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Fig. 16. The rotation of the drive gear causes the slide to move to and fro, operating the pickup-

arm lift and indexing mechanism at the other end of the slide 
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Fig. 17. The outward motion of the cycling slide causes the lift arm to be raised by the incline 

and the pickup-arm shaft to be rotated by the formed end 

the pickup-arm lift rod to rise ( Fig. 17), the force of the spiral spring 
causes the pickup-arm lever to be carried along. As the pickup-arm lever 
raises, the two dimples on it mate with the corresponding holes in the 
pickup-arm return lever. The protrusion on the formed end of the cycling 
slide contacts and pushes against the pickup-arm lever so that it rotates in 
a counterclockwise direction. This swings the pickup arm out beyond the 
turntable so that the next record may be dropped. 

When the record drops to the turntable, a tab on the drive gear pushes 
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down on the inside end of the set-down lever, as in Fig. 18. Since the set-
down lever is pivoted in the middle, the outer end is raised and latches on 

the edge of the set-down actuating lever. 
The cycling slide now reverses its direction. As it moves back, the formed 

end allows the pickup-arm return lever to rotate clockwise. The tension in 
the flat spring provides the force. This rotation continues until the pickup-

arm return lever contacts the set-down lever. When these two come into 
contact, the pickup arm is directly above the indexing point for a 10-inch 
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Fig. 18. A tab on the cycling gear 

causes the set-down lever to latch the 

end of the set-down actuating lever 
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Fig. 19. Indexing for the 10- inch and 12- inch record is 

determined by the relative position of the pickup-arm re-

turn lever. This is controlled by the position of the set 

down lever which in turn is controlled by the set-down 

actuating lever 

record. The pickup-arm lift rod now slides down the inclined surface, thereby 

allowing the pickup needle to drop into the starting groove. The slackened 

pressure of the spiral spring relieves the contact between the pickup-arm 
lever and the pickup-arm return lever so that the pickup arm is free to rotate. 
When a 12-inch record is played, it strikes the set-down actuating lever 

as it drops to the turntable. This causes the upper portion of the lever to 
move outward, as illustrated in Fig. 19A. Since the lever is pivoted in the 
middle, the lower end moves in, and the set-down lever seats itself down 
in the recess. As the pickup-arm return lever rotates clockwise, the lower 
step contacts the set-down lever. Now the pickup arm is not allowed to 
move as far inward and therefore sets down further out. With 10-inch rec-
ords, the next step of the pickup-arm return lever contacts the set-down 

lever, as shown in Fig. 19B. 
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Independent Intermix—Slide-type Adjustment. Adjustment of the 

pickup arm is made by means of adjustments located on the pickup-arm 
assembly above the base plate as shown in Fig. 20. 
The assembly has a cam coupling arrangement between the pickup-arm 

shaft and the pickup-arm hinge. This is adjustable by means of the index 
adjustment screw and determines the indexing. 
On the underside of the pickup arm is an adjustment screw which varies 

the height. The lift rod pushes against it during the change cycle. Clock-
wise adjustment moves the screw into the pickup arm so that it lowers the 

arm. Counterclockwise adjustment 

raises the pickup arm. As customary, 
the lift should be adjusted so the 
pickup arm will raise up off a full 
stack of records when placed on the 
turntable yet will not hit the under-
side of a record on the support shelf. 
Independent Intermix—Slide-type 

Troubles. Proper adjustment of set-

down will work for both 10- and 12-
inch records. If proper set-down does 
not occur on 12-inch records only, 
check to see that the set-down actu-
ating lever is tripped when the 12-

An undersize record or one with an 
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Fig. 20. Index and lift adjustments in an in-

dependent intermix-type set-down mechanism 

inch record drops to the turntable. 
enlarged center hole may not hit this lever. Such records must be played 
manually or discarded. If the set-down actuating lever is hit but does not 
function, check for binding in its pivot, between it and the set-down lever, 
or between the set-down lever and the steps on the pickup-arm return lever 

(Fig. 19). If binding is evident, clean off any dirt or foreign material with 
carbon tetrachloride. Remove any burrs by filing lightly, polishing with a 

crocus cloth, and cleaning thoroughly with carbon tetrachloride. 
Other causes of improper set-down may be binding in the pickup-arm 

hinge, between the pickup-arm shaft and the housing, between the pickup-
arm lift rod and the pickup-arm shaft, between the bottom of the pickup-arm 
lift rod and the inclined surface of the cycling slide, or between the pickup-
arm lever and the pickup-arm return lever. Such troubles should be remedied 
as just described. 

Lubrication. Lubriplate or STA-PUT should be applied to the pivot on 
the pickup-arm hinge. It should also be used on the cycling slide where it 
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contacts the pickup-arm lift rod, the pickup-arm lever, and the pickup-arm 
return lever. SAE 10W oil should be applied between the pickup-arm lift 
rod and the pickup-arm shaft. Do not overlubricate. Wipe off excess oil. 

Independent Non-intermix—Variation of Slide-type Indexing Mecha-

nism. In the slide mechanism shown in Fig. 21, the rotating drive gear 
causes the cycling slide to move out and then in. The pickup-arm lift rod 
extends from the pickup arm and down through the cycling slide. As the 
cycling slide moves outward, the depressed incline pulls down on the pickup-
arm lift rod. The downward force on the rear of the pickup arm behind the 
hinge causes the pickup end to rise and clear the record. 
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Fig. 21. The sliding action of the cycling slide controls the lifting and indexing of the pickup arm 

The motion of the cycling slide also causes the cycling-slide projection to 
contact the curved end of the pickup-arm rotating disc. This gives the pickup 
assembly a counterclockwise motion, causing the pickup arm to move out 
beyond the edge of the record. 
The projection on the cycling slide also contacts the set-down plate spring 

and carries the set-down plate with it. The stud on the pickup-arm return 
lever is thus forced against the track on the set-down plate. The pressures 
caused by the track and the cycling-slide projection force the pickup-arm ro-
tating disc and the stud on the pickup-arm return lever apart, and the tension 
spring is expanded. As the cycling slide moves inward, the tension spring pulls 
these two pieces together. The amount the pickup-arm rotating disc is pulled 
back is determined by the adjustment screw. The landing position is thus 
established. 
On the bottom of the pickup-arm rotating disc is a stud which contacts 
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the selector cam when the cycling slide is moving outward, as shown in 

Fig. 22. Contact between the two causes the pickup-arm set-down plate to 
stop. The position of the selector cam is determined by the size of the 
record being played and acts as a gage to position the set-down plate. If the 
smaller radius of the selector cam is toward the stud, the pickup-arm ro-

tating disc moves furthest out, and the stud on the pickup-arm return lever 
will ride on the portion of the track marked 10 in Fig. 21B. The pickup will 

then land on the 10-inch record. When the larger radius of the selector cam 
is toward the stud, the set-down plate is stopped sooner, and the stud on 
the pickup-arm return lever will ride on the portion of the track marked 
12. The pickup will now land properly on the 12-inch record. 

Independent Non-intermix—Slide-type Adjustment. In this changer the 
pickup-arm pivot is located directly under the record-selector post, and the 
pickup-arm lift rod passes up through the pickup arm. Just above the 

pickup arm is a collar, fastened with a set screw, that determines the amount 
of lift. To adjust the lift, loosen the set screw and move the collar up or 
down the desired amount and tighten the screw. 

To adjust the indexing, the indexing-adjustment screw of Fig. 21B should 
be used. If this does not give sufficient range, turn it clockwise as far as it 
will go, then back off 2 or 3 turns. Put a 12-inch record on the turntable, set 
the record-support post for 12-inch, and cycle the mechanism by hand until 

the pickup is about to land on the record. Just below the pickup arm is a 
collar which is a part of the pickup-arm hinge. Loosen the two set screws 
which hold this, and put the needle in the starting groove. Tighten the 

set screws and cycle the changer. Adjust the indexing as necessary by means 
of the indexing-adjustment screw. 

Independent Non-intermix—Slide-type Troubles. Binding in the pickup-
arm shaft, between the pickup-arm return lever and the pickup-arm ro-
tating disc or between the track of the set-down plate and the stud of the 
pickup-arm return lever will cause improper set-down. Remove any dirt, 

dried grease, or foreign particles by washing thoroughly with carbon tet-
rachloride. Where necessary disassemble the parts to accomplish this. Burrs 
may be removed by filing lightly, polishing with a crocus cloth, and wash-
ing with carbon tetrachloride. Lubrication is indicated below. 

Loose, defective, or missing springs are other possible causes of trouble. 
If loose, replace the ends in the holes or on the studs and pinch the end loops 
to assure that the trouble will not recur. Where the spring must be re-
placed try several if necessary to find one that gives consistent indexing every 

time yet does not cause the operation to slow down during the change cycle. 
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A loose stud on the set-down plate or a loose selector cam will give im-

proper indexing, as would be suspected when viewing Fig. 22. To tighten the 
stud, the set-down plate must be removed from the changer. Place the stud 
on a heavy metal vise, and hammer the rolled-over end of the stud with a 

ball-peen hammer until it fits tightly. The selector cam is rigidly fastened 
to the selector shaft. At the top of the selector shaft is a selector arm fas-
tened with two set screws. If the cam is loose, these should be tightened. 
The sides of the selector cam should be parallel with the guide rails. 

Lubrication. STA-PUT or Lubriplate should be used on sliding surfaces 
such as on the track of the set-down plate, the guide rails, and the pickup-
arm lift rod. 
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Fig. 22. As the cycling slide moves outward, 

the stud on the pickup-arm set-down plate con-

tacts the selector cam causing the set-down plate 

to stop. The position of the selector cam is 

determined by the size of the record being 

played, thereby acting as a gage 
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bidepe.ndent Non-intermix—Vertical-cam Lift. Figure 23 illustrates the 

action of a vertical cam on the pickup-arm lift rod. As shown the lift rod is 
pushed up, so the pickup arm is off the record. The pickup-arm lever has 
been moved so the pickup arm is off to the side. When the record has 
dropped to the turntable, the stud on the pickup-arm lever is allowed to 

follow the receding surface of the set-down cam which is part of the drive 
gear. This is illustrated in Fig. 24. The pickup-arm return lever exerts a 
spring pressure causing the pickup-arm lever, and thus the pickup arm, to 

move in toward the edge of the record. The set-down point is determined 

by contact of the pickup-arm return lever with the set-down lever, which in 
turn is set by the position of the record-selector arms. These are set manually 
since the changer is not of the intermix variety. 

In the position shown, the pickup arm will set down for a 12-inch record. 
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When the record-selector arms are set for playing 10-inch records, the set-

down lever is moved to the left. The 10-inch record-stop recess in the pickup-
arm return lever now contacts the set-down lever. Since the 10-inch recess 

is greater than the 12-inch recess, the pickup arm will be allowed to move 
in further on the record when in the 10-inch position. This is as it should 
be. 
On top of the drive gear is the retard lever, which is spring-loaded near the 

pivoted end. The other end is shown protruding in Fig. 24. The spring 
exerts a slight outward pressure against the pickup-arm lever when it rides 
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Fig. 24. The stud on the pickup-arm lever follows the surface of the set-down cam as it recedes. 

The pickup arm moves in over the set-down point. The spring action of the pickup-arm index 

finger keeps the two in contact 

off the cam surface of the drive gear. This prevents the pickup-arm lever 
from swinging in too rapidly and holds it at the radius determined by the 
pickup-arm return lever until the pickup is set down on the record. The set-
down is accomplished by the vertical cam following the reverse of the action 
shown in Fig. 23. 

After the needle touches the record, the booster spring exerts a slight 
inward pressure, causing the needle to enter the starting groove. This 
tension was constantly exerted, but the slight outward pressure of the retard 
lever previously counteracted it. Since the drive gear has rotated to a point 

where the retard lever slides off the stud of the pickup-arm lever, the booster 
spring is now allowed to act without any counteracting force. 
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Independent Non-intermix—Vertical-cam-type Adjustment. The lift of 

the pickup arm is again adjusted by means of a screw at the top of the lift 

rod. In this case the screw goes into the pickup-arm bracket rather than into 
the lift rod. As a result, turning the adjustment screw clockwise causes the 
pickup arm to be lowered. 

Indexing is accomplished by positioning the pickup arm with respect to 
the pickup-arm lever. An Allen-head screw is used. Cycle the changer until 
the needle is just about to set down on the record. Loosen the set screw 

on the pickup-arm lever, move the pickup arm to the correct indexing posi-
tion, and tighten the adjusting screw. Check to be sure that the pickup-arm 
lever is high enough on the pickup-arm shaft to allow the pickup-arm lift 
rod to operate properly. 

Set-down Troubles. Near the pickup-arm shaft is a spring which pulls the 

pickup-arm return lever in against the set-down lever. If this spring is miss-

ing or is too weak, proper indexing will not occur, and the motion of the 
pickup arm may be erratic during the change cycle. When replacing, find 
a spring that gives good consistent operation but does not slow down the 
mechanism. 

If there is excess play in the pickup-arm hinge, the pickup arm may be 

allowed to wobble horizontally giving improper indexing. In this changer 
the pickup arm rides on a knife edge, held in V seats in the pickup-arm hinge 
by spring tension. The sides of the hinge must be bent inward by use of 
long-nose or duck-bill pliers if the pickup arm tends to shift. In many 
changers adjustable pivot screws are used and must be tightened, so as to 
eliminate any wobble in the pickup arm but not cause any appreciable 
friction. 

Binding between the stud on the pickup-arm lever and the set-down earn, 

between the pickup-arm return lever and the set-down lever, or in the retard-
lever pivot are possible causes of trouble. Dirt and foreign materials may be 
removed by washing thoroughly with carbon tetrachloride. To remove 
burrs, file lightly, polish with a crocus cloth, and clean with carbon tetra-
chloride. 

Independent Non-intermix—Vertical-cam Lubrication. The pickup-arm 
lift rod, the stud on the pickup-arm lever, and the cam surface of the drive 

gear should be lubricated with Lubriplate or STA-PUT. 
Muting. During any change cycle there is considerable meshing of metallic 

parts. This is not particularly noticeable to the ear, but it is possible for the 
pickup to be jarred so that noise is fed to the amplifier. To avoid the result-
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ing amplified noises, a few record changers utilize a muting switch. This 

switch either shorts or places a low-impedance capacitor across the amplifier 

input during the change cycle. 
Operation of one muting switch is shown in Fig. 25A. The drive gear 

keeps the switch open during normal play. When the change cycle starts, 

the drive gear rotates and the switch closes when the muting cam moves 
away. 

MUTING 
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SPRING LEAF 

TAB 

CYCLING 

SLIDE 

(S) CYCLING SLIDE 

Fig. 25. The muting switch is held open as shown when the drive gear or cycling slide is in the 

rest position. During the change cycle the spring leaf slides off the cam or tab, and the switch 

closes shorting the amplifier input 

A similar arrangement is used for a changer with a cycling slide. This is 
shown in Fig. 25B. During normal play the tab on the cycling slide holds 
the spring leaf so that the switch is open. During the change cycle the cycling 
slide moves to the left and the muting switch closes. 

Repairing Muting Switch. If the customer complains that muting does 

not occur during the change cycle, first make sure that the record changer 
is supposed to provide muting. Most record changers do not include this 
provision. 
Where muting is not functioning, the switch should be checked first. 

The important point is that the contacts operate properly. By tripping the 
changer and watching the switch during the change cycle, it can be deter-
mined whether or not the switch is operating. Generally, the switch should 
close during the change cycle and remain open during the record play. The 
opposite operation is possible, but in either case the switch contacts will be 
caused to move during the change cycle. 

If the switch operates but no muting is obtained, the connections to 
the wires should be checked, and the wires checked for a possible open 
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circuit. A continuity check between the switch contacts and the muting 

wires will indicate this. Figure 26, which is a typical schematic diagram for 

the muting section, will aid in checking this. 
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Fig. 26. The schematic diagram of a record changer showing the wiring of the muting switch 

On occasion, the switch contacts will require cleaning. A piece of fine 

sandpaper or crocus cloth may be used if the contact surfaces are rough or 

pitted, but generally carbon tetrachloride will suffice. 

QUESTIONS 

1. What common operator mistake often causes the cycling mechanism to be 
strained? 

2. Describe the difference between a combination cycling changer and an 
independent cycling type. 

3. How is the difference in index-spring tension used to change the indexing? 
4. How does the indexing finger change the indexing in a spindle-drop 

changer? 
5. How is an eccentric used for fine adjustment of the indexing point? 
6. When is it necessary to make the coarse indexing adjustment? 
7. Describe the use of a cam to lift the pickup arm in an independent cycling 

mechanism. 
8. Where would you lubricate an independent cycling mechanism? 
9. If the indexing adjustment is not located in the pickup arm, where is it 

likely to be? 
10. What are the usual methods of adjusting the amount of pickup-arm lift? 
11. If you think that a changer is of the intermix type, where will you look 

for the indexing actuator? 
12. How is muting obtained? 
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Shutoff Mechanisms 

Introduction. Some modern record changers will repeat the last record 

until the mechanism is shut off by the operator. Others, usually deluxe 
models, are designed to shut off the record changer automatically upon 
completion of the last record. If the automatic-shutoff type of changer is 
designed into the amplifier equipment, the entire system could be shut off 
automatically, but this is seldom done. However, the use of an automatic 
shutoff on the changer avoids the annoyance of repetition of the last record. 
Four different types of shutoff mechanisms are in common use. These are: 

(1) Sliding-spindle shutoff for pusher-type changers; ( 2) Selector-post shut-
off for slicer-type changers; ( 3) Stabilizer-arm-actuated shutoff; (4) Spindle-
stabilizer arm shutoff for spindle-drop-type changers. 

Shutoff by Pickup Arm. In one common type of changer mechanism the 
weight of the pickup arm presses an OFF button as the arm comes down in 
its rest position after the last record. Figure IA shows the switch mechanism 

in the OFF position. 
To start the record changer, the ON-REJECT button is pressed downward. 

This causes the shutoff-actuating lever to rotate counterclockwise about the 
pivot or fulcrum. The upper tip, called the shutoff-actuating-lever finger, 
contacts the shutoff-trip lever which operates the switch. Thus the mecha-
nism is switched on, and the motor begins to rotate. 

During the starting action, the shutoff-actuating lever is moved away from 
the toggle, allowing the toggle to move. The toggle is pivoted in the middle, 

and the spring pulls it in a counterclockwise direction. The toggle stop 
limits the movement. The left end of the toggle now holds the stud on the 

204 
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shutoff-actuating lever so that the lever is held in the ON position as shown 
in Fig. 1B. 

To shut the mechanism off, it is necessary to push the OFF button down. 

When this is done, the left end of the pawl catches the right end of the 
toggle forcing it down also. The left end of the toggle thus moves up re-

leasing the shutoff-actuating lever. The spring on the ON button shaft forces 
the shutoff-actuating lever to rotate clockwise shutting the switch off. 

When the OFF button is released, it is forced up by the spring. The pawl 
then slides past the toggle so that it is in position to operate when it is again 
depressed. 
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Fig. 1. The ON-OFF mechanism used with a sliding-spindle shutoff. The weight of the pickup arm 

on the OFF button causes the changer to shut off after playing the last record 

When a rest-position button is used for automatic shutoff, the changer 
must bring the pickup arm to the rest position automatically after playing 
the last record. One way of doing this will now be taken up. 

Sliding-spindle Control of Shutoff after the Last Record. The rocker-arm 
type of change mechanism uses the center post or spindle to control the 
automatic shutoff, as in Fig. 2. When one or more records are on the spindle, 
it is forced downward against the end of the shutoff-lock lever. This lever 
is pivoted between the ends, and the other end is raised so that it is free of 
the pickup-arm raising disc. 

During the change cycle the pickup-arm raising lever is moved by the 
cycling cam. The pickup-arm raising disc is contacted by the sharp beveled 
edge of the pickup-arm raising lever and, because of the friction between 
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the two, the pickup-arm raising disc is lifted and rotated. Since it is attached 
to the pickup-arm shaft, the pickup arm is cycled. When the last record 
is dropped to the turntable, the weight of the shutoff-lock lever causes the 
spindle end to rise, and the other end drops so that it is on the same level 
as the pickup-arm raising disc. Now, as the pickup arm starts to move in 

toward the spindle, the hook on the end of the shutoff-lock lever catches 
the end of the pickup-arm raising disc, as in Fig. 2A, keeping it from rotating. 
The pickup-arm raising lever thereby slides across the pickup-arm raising 
disc and the pickup arm does not move horizontally. This holding action 

takes place when the pickup arm is over the pickup-arm rest post ( OFF 
button). The pickup-arm raising lever then lowers the pickup arm onto the 
OFF button shutting off the changer motor. 

PICKUP 
ARM 
SHAFT 

PICKUP ARM 
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NOOK LOC:/( LEVER 

PICKUP ARM RAISING DISC 
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IA) HOOK CATCHES RAISING DISC SO 
PICKUP ARM SETS DOWN ON REST POST 

CHASSIS 

FLOATING SPINDLE 

LEARANCE 

SHUTOFF 
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PICKUP ARM 
RAISING DISC 

TO LOWER LEVER TO RAISE LEVER 

(13) ADJUSTMENT FOR CLEARANCE 
WHEN RECORDS ARE ON THE 
SPI NDLE 

Fig. 2. The sliding-spindle type of automatic shutoff as used in a pusher-type changer . The lack 

of records on the spindle causes the pickup arm to set down on the rest post 

Repair of Sliding-spindle Shutoff Mechanism. If a record changer with 

the button-type switch does not shut oil after the last record, it should first 
be checked to determine whether it is the switch mechanism or the pickup-

arm indexing that is at fault. If the pickup arm sets down properly on the 
OFF button, then the switch mechanism is at fault. If not, the trouble is 
obviously in the indexing. It should be definitely determined that the record 
changer has automatic shutoff before proceeding with repairs to the indexing. 

Failure of Switch Mechanism. Since it is necessary for the OFF button to 

be depressed before the switch can be actuated, there is little problem of 

premature shutoff. However, a weak toggle spring ( Fig. 1) may allow the 
switch to shut off as soon as the ON button is released. 
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Failure to shut off may be caused by binding of the OFF button shaft, the 
pawl, toggle, shutoff-actuating lever, or the ON-REJECT button shaft. Weak 
springs on the two button shafts may also cause failure to shut off. 

The spring on the shaft of the OFF button serves only the purpose of re-
turning the button to a raised position. Since the weight of the pickup arm 
must depress the button, the spring must be rather weak. Perhaps the best 
method of checking for binding is to prod the individual parts slightly with 
the finger or a tool to get the feel of the freedom of motion. Cleaning with 
carbon tetrachloride is the routine for clearing binding due to grime and 
dirt. Burrs must be removed by use of a fine file. Then polish with a crocus 

cloth and clean with carbon tetrachloride. 
The bracket which holds the switch mechanism is U-shaped, having bends 

at the top and bottom for support of the button shafts. Should either or both 
of these shafts bind, it is necessary to bend the bracket very slightly. This 
may be done with long-nose pliers, taking caution to move the bracket only 
enough to line up the upper and lower holes through which the shafts pass. 
The idea here is to correct the upper bend of the bracket without warping 
the vertical portion. The experience gained in making such an adjustment 
will assure careful handling of this type of changer thereafter in order to 
prevent an weight from bearing on this bracket when the changer is laid 
down. 

Failure of Sliding-spindle Mechanism to Index in Rest Position. In the 
event the pickup ann does not set down on the OFF button after the last 

record has played, see whether the floating spindle will move up and down. 

If not, the reason for binding must be found and corrected. This spindle rests 
on the end of the shutoff-lock lever. The other, or hook, end of the shutoff-
lock lever should catch the pickup-arm raising disc at the beginning of the 
cycle if the pickup arm is to set down on the OFF button. With no records 

on the spindle the hook should clear the pickup-arm raising disc by about 
11i,, inch when the mechanism is not cycling. This is illustrated in Fig. 2B. 

If this clearance is not proper, it must be adjusted by bending the triangular 
projection on the bottom of the chassis. Provision is made for insertion of 

a screwdriver blade. The pickup-arm raising disc should not be adjusted to 
correct this. 

Lubrication of Sliding-spindle Shutoff Mechanism. For the most part. 

there is no lubrication required in this portion of the mechanism. Smooth 
surfaces, such as in the sliding spindle and the shutoff-lock lever pivot, will 
operate without lubrication. Use of lubrication may impair the operation 

since dust and dirt will stick and accumulate. If lubrication is present, wash 
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it off with carbon tetrachloride and check to assure that there is no binding. 
Selector-post Shutoff in Slicer-type Changer. Automatic shutoff in a 

slicer- type record changer is shown in Fig. 3. When one or more records 
are located on the selector arms, their weight depresses the shutoff button. 
With the shutoff button down, the lever is raised on the left side, and the 
shutoff shaft and shutoff cam are in the raised position illustrated by the 
dotted lines. The shutoff cam will not contact the shutoff-cocking lever in 
this position. After the last record has dropped, the force of gravity pulls the 

shutoff shaft and the shutoff cam 
down. The shutoff cam is now on a 
proper level so that the stud on the 
shutoff-cocking lever may contact it. 
With reference to Fig. 4, as the 

drive gear rotates during the cycle, 

the stud which is a part of it runs 
off the shutoff-actuating lever, allow-
ing the lever to be moved in toward 
the drive gear by its spring. At this 

time, action of other portions of the 
mechanism causes the pickup arm to 
move out to the rest position. It is 
locked in this position by contact 
between the shutoff-lock lever and 
the pickup-arm lever. 
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SHUT-OFF 
SHAFT 

SHUT-OFF 
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SHUT-OFF 
COCKING 
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STUD 
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SUTTON 
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DOWN POSITION 

SHUT -OFF 
CAM 

Fig. 3. The shutoff cam in a slicer-type changer 

is held in the raised position when a record is 

on the shelf, but is allowed to drop and con-

tact the shutoff-cocking lever when there are 

none to be played 
The selector gear, which is a part 

of the record-dropping mechanism, is rotated by action of the drive gear 

through various levers and cranks. The shutoff cam also rotates and con-
tacts the stud on the shutoff-cocking lever, causing the lever to rotate. The 
tension created in the spring connected between the shutoff-cocking lever 
and the shutoff slide forces the slide to move to the left. 
A projection on the shutoff slide contacts the shutoff release and moves 

it slightly clockwise releasing the shutoff link so that it may align itself with 
the shutoff-actuating lever, as shown by the dotted outline. The end of the 

shutoff slide moves in to the dotted position at the left so that the right 
end of the shutoff-lock lever is held in position. Now, when the pickup-arm 
release lever is engaged by the cam on the outer edge of the drive gear, thc 

pickup arm will not be unlocked as is usual, and the pickup arm remains in 

the rest position. 
As the drive gear finishes its clockwise cycle, the stud on it pushes the 
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shutoff-actuating lever out, or up. Since the shutoff-actuating lever and the 
shutoff link are engaged, the shutoff lever is pushed up. The fulcrum of 
the shutoff lever is at the right end so the left end moves upward, pulling 
the shutoff-trip lever with it. This moves the power switch to the OFF 

position. 
Repair of Selector-post Shutoff. In Fig. 3 it is shown how the shutoff 

cam drops due to gravity, to be in position to contact the stud on the shutoff-
cocking lever. In either the 10- or 12-inch position of the selector arms, there 
must be no lateral pressure between the shutoff cam and the stud to restrict 
free up-and-down motion. In addition, when a record is on the shelves, the 
shutoff cam must clear the top of the stud or shutoff will occur prematurely. 
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Fig. 4. The selector-post shutoff mechanism is cocked by movement of the shutoff slide to the left. 

This locks the pickup arm in the rest position. It also links the shutoff-actuating lever and shutoff 

lever so the stud on the drive gear pushes them up. The shutoff-trip lever is moved up, actuating 

the switch 

When the shutoff-actuating lever is resting against the stud on the drive 
gear, the tail of the shutoff-actuating lever must clear the formed-down 
lip ( shown as point 1 in Fig. 5) on the shutoff slide when the shutoff-
actuating lever is moved manually. However, this clearance must be suffi-
ciently small so that the shutoff slide cannot move forward far enough to 
take up the clearance at points 2 or 3. Lack of clearance at point 2 would 
actuate the shutoff release. Loss of clearance at point 3 would block the 
movement of the pickup-arm lock lever. 
When the stud on the drive gear has rotated just far enough into the 

change cycle so as to move out of contact with the shutoff-actuating lever, 
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the lever has rotated to its extreme position against the stud on the chassis. 

Now there is additional clearance at point 1, and it must be sufficient to 
fulfill two conditions. 

First, it must allow the shutoff slide to actuate the shutoff release at point 
2. If the clearance at point 1 is too small to allow sufficient motion of the 
shutoff slide, it will not completely clear the shutoff link, and the shutoff 
release may fail to operate. The shutoff slide must move far enough so that 
the shutoff release completely clears the shutoff link, and the link is free to 
rotate against the stop. 

SHUTOFF 
LOCK LEVER 

POINT 3 

SHUTOFF 
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PO/NT 4 

SHUTOFF 
RELEASE SHUTOFF 
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STUD ON POINT 2 
DRIVE GEAR SHUTOFF ACTUATING 
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SHUTOFF 
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Fig. 5. Various check points of the selector-post shutoff mechanism which provide ready analysis 
of any trouble 

Second, the clearance at point 1 must now be sufficient so that the shutoff 
slide block the shutoff-lock lever at point 3. Excessive clearance at this point, 
however, will allow the shutoff-lock lever to be partially disengaged by the 
rotation of the drive gear. Insufficient clearance might cause a wedging 
action which would prevent smooth operation of the shutoff slide. 
The point of contact between the shutoff-actuating lever and the shutoff 

link is point 4. In the position shown by the dotted outline of the shutoff 
link, it is necessary that there be sufficient clearance between the formed-up 
end of the shutoff-actuating lever and the end of the shutoff link at point 4 
so that the shutoff link can assume the position shown. 

As the automatic-shutoff cycle progresses, the drive-gear stud rotates until 

it strikes the shutoff-actuating bracket and the cam action forces it out to-
ward the edge of the changer. This results in the shutoff link completely 
clearing the shutoff release as shown in Fig. 6. The maximum outward mo-

tion of the shutoff-actuating lever and the shutoff lever must be sufficient so 
that the shutoff link is carried far enough to completely clear the shutoff re-
lease at point 5. 
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Failure of the shutoff link to return to the position shown in Fig. 5 will 
result in repeated automatic-shutoff cycles. This condition may result from 

insufficient clearance at either point 4 or point 5. 
In the AUTOMATIC position the tip of the shutoff lever must permit free 

movement of the shutoff-trip lever into the REJECT position. During the 
shutoff cycle the shutoff lever must move the shutoff-trip lever into OFF. 
Incorrect clearance at point 6 will result in either moving the shutoff-trip 

lever too far into MANUAL, or moving the lever too little and leaving it in 
AUTOMATIC. 

POINT 6 

PICKUP 
ARM LEVER 

SHUTOFF 
LINK 

PO/NT 5 

SHUTOFF 
LOCK LEVER 

POINT 5 
SHUTOFF 
LEVER 

SHUTOFF 
ACTUATINE 
LEVER 

SHUTOFF TRIP LEVER 

oi"Pepe , 

POINT 2 
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Fig. 6. Additional check points on the selector- post shutoff mechanism are also used later in the 

cycle 

Lubrication of the Selector-post Shutoff. SAE 10W oil should be sparingly 

applied to the shutoff shaft and the pivots of the shutoff-cocking lever, 

shutoff-actuating lever, shutoff lever, and shutoff link. Lubriplate or STA-
PUT No. 512 should be applied to the sliding surfaces such as the stud on 
the shutoff-cocking lever, the bearing surfaces of the shutoff slide and 

shutoff-trip lever, and the mating surfaces of the shutoff lever and shutoff-

trip lever. Take care not to overlubricate as this is as detrimental as lack of 
lubrication. 

Stabilizer-arm-actuated Shutoff on Slide-type Cycling Mechanism. The 

automatic shutoff for a slide-type cycling mechanism is shown in Fig. 7A 

and utilizes the record stabilizer for control. At the midway point of the 
change cycle the cycling slide is in the outermost position. As the slide moves 
inward ( to the right) to the normal out-of-cycle position, the hooked end 
of the shutoff-lock lever drops through a hole in the cycling slide. Since 

the fulcrum of this lever is in the middle, the opposite end rises. This is 

better viewed in Fig. 7B. If any record other than the last one is dropped 
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during the cycle, the pickup-arm return lever passes over the left end of the 

shutoff-lock lever. The pickup is thus allowed to set down on the record. 
After the last record has dropped to the turntable, the stabilizer arm 

drops over the spindle shelf, as shown in Fig. 7C. This downward motion 

is transmitted by the stabilizer shaft and rotates the shutoff-actuating lever 

POWER SWITCH 
FORMED END 

VERTICAL STUD 

PROTRUSION 

SHUTOFF SLIDE 
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CYCLING SLIDE 

(A) ACTUATING MECHANISM 

SHUTOFF 
LOCK LEVER 
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LOCK LEVER 
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Fig. 7. The shutoff mechanism in a slide-type cycling mechanism utilizes the return movement of 

the cycling slide to pull the shutoff slide, rotating the shutoff-trip lever which trips the power 

switch. The shutoff-lock lever cocks the shutoff slide after the last record has played and stops the 

pickup-arm return lever in the rest position 

a little in a clockwise direction. The resulting pull on the spring and con-
necting wire causes the shutoff-lock lever to rotate about its fulcrum. Dur-
ing the next change cycle this extra force on the shutoff-lock lever 

causes it to rotate more than usual so the right end extends further below the 
cycling slide. The left cnd, therefore, raises further and stops the pickup-
arm return lever so that the pickup arm is over the rest post. 

As the left end of the shutoff-lock lever raises, a protrusion on it pushes 
the shutoff slide up. This is best viewed in Fig. 7A. As the cycling slide 
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moves back toward the spindle, the raised shutoff slide is pulled along with 
it because the shutoff slide contacts the built-up end of the vertical stud. 
The formed end of the shutoff slide pushes the shutoff-trip lever causing it 
to rotate in a clockwise direction. The other end of the shutoff-trip lever 

actuates the power switch shutting off the motor. 
Repair of Stabilizer-arm-actuated Shutoff. Common troubles in shutoff 

mechanisms actuated by the stabilizer arm are illustrated in Fig. 8A. If the 

changer does not stop automatically, it may be due to the failure of the 
record stabilizer to drop over the spindle. This may be caused by a binding 
between the stabilizer and the spindle or by binding in the stabilizer shaft. 
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Fig. 8. Possible difficulties in the stabilizer-arm-actuated shutoff 

Binding in the shutoff-actuating lever bearing or in the shaft of the shutoff-

lock lever may also prevent automatic stopping as would a weak shutoff-
actuating lever return spring. On the other hand, an overly strong spring on 

the shutoff-lock lever may also result in failure to shut off. 
Binding due to accumulation of dirt and grime may be eliminated by 

washing thoroughly with carbon tetrachloride. Lubrication may be required 

at pivot points. Should binding be a result of burrs, remove them and then 
polish the surface with crocus cloth. Clean off any filings with carbon 

tetrachloride. 
Failure of Turntable to Stop. If the pickup arm sets down on the rest 

but the turntable continues to rotate, a check should be made to determine 

if the switch is actuated. If it is, then the difficulty lies therein. If not, the 
points indicated in Fig. 8B should be checked to determine the cause of the 
difficulty. If the pieces do not mesh properly because of bent parts, they 
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must be restored to their proper shape. Do this carefully without putting in 

additional bends. 
Automatic Shutoff before Completion of Record Stack. The possibility 

also exists that premature shutoff may occur so that the entire stack of 

records is not allowed to play. The most logical source of trouble here is 

a binding in the shutoff-lock lever, particularly at the fulcrum. The usual 
technique of liberally applying carbon tetrachloride is the first step required 

followed by a light application of lubricant. 
Lubrication of Stabilizer-arm-actuated Shutoff Mechanism. SAE IOW 

oil should be used sparingly on the shutoff-trip lever pivot, the shutoff-

actuating lever pivot, and on the stabilizer shaft. Other lubrication is not 

necessary. 
Spindle—Stabilizer-arm Shutoff. After the last record has dropped to the 

turntable, the record-stabilizer arm of some spindle-drop changers drops 
a little farther down on the spindle so as to restrict the travel in the pusher. 

A changer of this type is shown in Fig. 9. After the last record has been 
played, the change cycle is actuated and the lift arm rotates clockwise as 
viewed from below. As the roller on the spindle pusher rides up the cam 

surface of the lift arm, the spindle housing cannot retract completely as 

during other change cycles because the stabilizer arm restricts the pusher 
travel. 
On the back side of the lift arm there is attached a shutoff rod with the 

end protruding upward. This is shown in Fig. 9A. This end usually clears 
the spindle housing, but since the spindle does not retract completely, it 
now engages the shutoff rod when the roller reaches the top of the cam 
surface. The shutoff rod is rotated 90 degrees by this action. 
The other end of the shutoff rod is also bent. When a record is on the 

spindle, this end lies horizontally and provides no action. After the last 
record it is rotated 90 degrees as just described, so that it now protrudes 
upward (downward when viewed from below). As the lift arm reverses its 
motion, this end rides in a slot in the shutoff-trip lever as shown in Fig. 
9B. As the lift arm nears the end of its rotation, the end of the shutoff rod 

contacts a stud on the shutoff-trip lever, causing the lever to rotate. Since 

one end of the shutoff-trip lever is connected to the switch in the customary 

manner, the motor is shut off. 
The same stud on the shutoff-trip lever flips the shutoff rod over at the 

start of the next cycle so as to return it to its ready position. 
Repair of Spindle—Stabilizer-arm Shutoff. If this type of record changer 

does not shut off after playing the last record, two points should be checked. 
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First, the record support should drop and rest on the offset shoulder of the 
spindle. If this does not happen, the record support must be checked to 
determine where binding occurs. Removal of any burr by use of a fine file 
or crocus cloth may be necessary. Any grime or dirt may be washed away by 
use of carbon tetrachloride. 
The second point to check is the shutoff rod located along the lift arm. 

The end nearest the center should contact the shoulder on the spindle-pusher 
housing. If this does not occur, the spindle should be checked to ascertain 
that it is held in place properly by the set screws. The lift arm should also 
be investigated to assure that it is held tightly by its screw. Another possibility 
is that the shutoff rod may require replacement due to a short turned-up 
end. 
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Fig. 9. A spindle-drop mechanism where the depressed spindle housing flips the shutoff rod. The 

opposite end then presses against a stud on the shutoff-trip lever and moves it, shutting off the 

switch 

Spindle—Stabilizer-arm Mechanism—Premature Shutoff. If an old record 
is used which is too thick, a spindle-drop changer will shut off instead of 
drop. Another cause of premature shutoff is a weak roller spring or excessive 
compression of it. This spring is located within the spindle assembly and 
may be checked by watching the relationship between the roller and the 
pusher housing as the changer is being cycled. The pusher housing should 
stop its upward motion just before the top of the lift-arm cam action is 
reached. The roller should continue its upward motion just a trifle ( about 
0.005 inch) during which time the roller spring is compressed. 

A weak spring requires replacement of the spindle assembly. If the spring 
compresses too much, the fiber washer between the lift arm and the steel 
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washer under it should be removed. This will drop the lift arm so it does not 
push up as much on the spindle. 

Premature shutoff also occurs if the shutoff rod is not reset. This may be 
due to poor tension in the lever spring so that the shutoff rod does not snap 
into place. If this is the case, remove the rod and bend the spring slightly 
to increase tension. The bearings and the surface around the lever spring 

should be lubricated with Lubriplate or STA-PUT to assure easy motion. 
The clearance between the end of the shutoff rod and the shutoff-trip 
lever stud should only be sufficient to allow the shutoff rod to flip over 
when actuated. 

Lubrication of Spindle—Stabilizer-arm Shutoff Mechanism. All points of 

sliding contact should be lubricated with film of Lubriplate or STA-PUT 
No. 512. This includes the bearings for the shutoff rod and between the 

shutoff rod and the lever spring which loads it. For other bearings, such 
as lever pivots and the shutoff-trip lever bearing, use light oil such as SAE 
10W. 

QUESTIONS 

1. Name four types of automatic-shutoff mechanism. 
2. How does a sliding spindle shut off a changer? 
3. Where would you lubricate a selector-post shutoff mechanism? 
4. How would you check to sec if the stabilizer arm is used for shutoff actua-

tion? 
5. If you think that a changer is of the automatic-shutoff type, where will 

you look for the actuator? 
6. In the above situation, how can you check to sec if shutoff is used? 
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Special 45-rpm Changers 
and Spindles 

Introduction. Record changers that play only 45-rpm records use much 
the same dropping, set-down, and trip mechanisms as other changers. They 
do have several unique features, however, that justify consideration in a 
separate chapter. The information here will therefore be a review of familiar 
mechanisms as used in an unfamiliar and highly compact special changer. 

Physical Features of 45-rpm Records. The 45-rpm record is 7 inches in 

diameter with a microgroove recording area near the outer edge and a 
center hole 1% inches in diameter. The record thus fits over a spindle which 
is sufficiently large so that the changer mechanism can be located inside. 
The cross section of the record, as indicated in Fig. 1, is such that the 

record is thinner near the spindle as well as in the recorded area. A mid-
section is the thickest portion. The records can thus be stacked without 
having the recorded surfaces rubbing together. 

The 45-rpm record changer utilizes separating slicers protruding from 
the spindle. Because of the thin area on the record next to the spindle, the 
separator slicers move into an air space between records. The slicers merely 
support the record stack when the shelf moves from under the bottom 
record. 

Physical Features of Record Player. Modern record changers are prima-

rily of the three-speed type. Special changers are made that play only 45-rpm 
records. Because the 45-rpm record changer operates at only one speed and 
the records are small and light, the changer is considerably smaller and less 
complicated. Since only one size of record is used, the indexing is relatively 
simple. Also, the pickup arm does not have to move as far and the result-
ing size of the various parts is smaller. As a result, it was possible to design 
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the changer with a very rapid changing speed. The time required from the 

entrance of the needle into the eccentric finishing groove to the indexing 
on the next record is only about 11/3 seconds. 
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Fig. 2. The changing mechanism of a 45-rpm record 
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the spindle 
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Fig. 3. Record-dropping action of a 45-rpm record changer. As the slicer comes out to support 

the record stack, the shelf retracts allowing the bottom record to drop 

Dropping Action. The record-changing mechanism of the 45-rpm changer 

is of the slicer type housed entirely in the spindle assembly, as shown 
in Fig. 2. Two slicers and two selector shelves are used, located on op-

posite sides of the spindle assembly. • • 
The records rest on the selector shelves. During the normal playing por-

tion of the cycle the slicers are within the spindle. This and the following 
motions are shown in Fig. 3. 
When the changer mechanism works, the slicers come out from the 

spindle, entering the air space above the lowest record. At the same time 
the selector shelves are drawn back into the spindle. The slicers support 
the record stack while the selector shelves move away from under the bot-

tom record, allowing it to drop to the turntable. The selector shelves then 
come back out from within the spindle and the slicers withdraw, allowing 
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the record stack to drop down onto the shelf. The stack is then ready for a 
repetition of this action. 

Dropping Mechanism. The changer mechanism consists of a shaft which 
runs through the center of the spindle assembly. Underneath the turntable 
and on the end of the shaft is a ratchet wheel. 

Near the head of the spindle assembly and attached to this shaft is a 

selector drive gear which meshes with two others diametrically opposed. 
These two selector gears have a cam arrangement, as shown in Fig. 4, in 

which a selector shaft or stud protrudes from the upper side of the selector 
gear. This arrangement is known as the selector cam. 
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Fig. 4. Operation of dropping mechanism in a 45-rpm record changer illustrating how a rotating 

shaft movement is changed to a to-and-fro shelf motion. (A) Rotation of the selector drive gear 

causes the pinion gear to rotate. (8) The end of a crank on the pinion gear describes a circular 

motion. (C) The same motion is obtained by placing the shaft off center on the gear. (D) A shelf 

with a hole to fit the shaft will be caused to follow the shaft. (E) A slotted shelf will move back 

and forth but not sideways. (F) The same motion is obtained with a larger hole if the shelf is 

pushed to the left. (G) A dual arrangement of the same type with a compression spring pushing out 

.• 
As the drive gear rotates, it causes the selector cam to rotate. This causes 

the stud to revolve in an.eccentric manner. The record shelves are placed 
in a position so that the selector shaft fits in a slot. As the selector shaft 
rotates in its eccentric manner, it imparts a sliding motion back and forth 
to the shelf. 

In operation the entire turntable assembly including the spindle rotates. 
The drive and pinion gears, as well as the drive-gear shaft and ratchet 

wheel, all rotate simultaneously, and there is no relative movement between 
the drive gear and the selector gear. 
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The trip mechanism causes the ratchet wheel to be stopped when a 

record has been played. As a result, the shaft and associated drive gear stop. 
The outer spindle shell continues to rotate, moving the shelves with it. 

This causes the selector shaft and gear to rotate about the selector drive 
gear. The record shelf first moves inward and then out again. Once the 

cycle is completed, the ratchet wheel is released, allowing the selector drive 
gear and shaft to rotate with the spindle assembly. 
The slicers are connected to the opposite support shelves as indicated in 

Fig. 5 so that as the record shelves move inward, the slicers are pushed 
outward. As the selector shaft reverses the direction of the shelves, they 
move outward and the slicers are pulled inward. 

SPRING 

MbNeYter:l 
SLICERS IN- SHELVES OUT 

FLATTENED 
END OF 
SEPARATOR 
SHAFT 

SLICERS OUT- SHELVES IN 

Fig. 5. Slicer action 

Drive and Trip Mechanisms. Because of the small turntable and relative 

simplicity of the changer the drive mechanism is of the rim type in all 
45-rpm changers. The motor drives a rubber-tired idler wheel, which in 

turn drives the inside of the turntable rim. 
In some 45-rpm changers the drive gear is connected directly to the turn-

table shaft. The drive gear therefore makes a complete revolution during 
the change cycle while the turntable makes one revolution. This gives a 
very quick change cycle. 

In other 45-rpm changers a knurled hub gear is attached to the turntable 
shaft and in turn drives the drive gear. 

The trip mechanism in all 45-rpm changers is of the position type, but 
various models differ slightly in construction. In that shown in Fig. 6, the 

pickup arm is attached to a pickup-arm lever which moves inward with the 
pickup arm as the record is played. The record has its eccentric groove so 

located that the pickup arm moves to within l%2 inches of the center of 

the record. 
When the pickup arm reaches the eccentric groove, the pickup-arm lever 
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contacts a stud on the drive gear. The fast-finishing groove of the record 
causes the pickup arm and pickup-arm lever to move inward so that the 
pickup-arm lever pushes against the stud, rotating the drive gear so that the 
gear teeth come into contact with the hub gear which is attached to the 
turntable assembly. A spring holds the drive-gear mechanism against the 

hub gear. The drive gear is attached to a slider so as to change the rotary 
motion into lateral motion. A mutilated section of the drive gear allows 
the hub gear to rotate when the record is being played. A bracket, illus-

trated in Fig. 7, keeps the drive gear away from the roller when in the 
playing position. The mechanism has no shutoff. 
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Fig. 6. Trip mechanism 
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Fig. 7. Mutilated drive gear 

In the mechanism of Fig. 8 the trip mechanism is slightly different. In 
this case the pickup-arm lever contacts the clutch pawl when the pickup arm 

enters the eccentric finishing groove of the record. The clutch pawl is 
caused to rotate in a counterclockwise direction when viewed from the 
top so that the upturned left end moves in the path of a stud which is 
located on the bottom of the turntable, as in Fig. 8A. 
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Fig. 8. A position-type 45-rpm trip mechanism. The pickup arm and lever rotate the clutch pawl 

until a stud on the turntable hits it. This forces the raising lever to rotate until a stud on it enters 

the opening in the drive gear 
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Thus, as the turntable rotates, the stud contacts the clutch pawl, carry-

ing it along for a short distance. A stud on the lower portion of the clutch 
pawl is forced against the pickup-arm raising lever, as illustrated in Fig. 

8B. Since the pivot or fulcrum of the pickup-arm raising lever is to the left 

of the stud on the clutch pawl, this motion causes the pickup-arm raising 
lever to rotate slightly in a clockwise direction. The force is applied until 
a stud on the top of the pickup-arm raising lever is forced through the slot 

on the drive gear, which is connected to the turntable shaft. The stud 
moves through this slot and then follows the contour of the cycling cam due 

to the tension of the spring pulling on it. 
During the cycle the pickup arm is moved back to the outside of the 

turntable, and the pickup-arm lever releases the contact with the clutch 

pawl. When the drive gear has completed its rotation, the spring is al-
lowed to pull the pickup-arm raising lever away from the drive gear as 

the stud on the pickup-arm raising lever slips through the open slot. 
Indexing. The pickup-arm action in a conventional drive-gear-cam cy-

cling equipment is illustrated in Fig. 9A. As the stud on the pickup-arm 
raising lever follows the contours of the inside of the drive gear, it is first 
caused to rotate in a clockwise direction. As the stud on the left-hand end 

moves away from the muting switch, the switch is allowed to close. At the 
same time a stud on the right-hand end of the pickup-arm raising lever 

pushes against the pickup-arm lift lever, causing it to rotate in a clockwise 

direction. The right end of the pickup-arm lift lever bears against the 
pickup-arm lift rod. The pickup arm is pivoted to the right of the pickup-
arm lift rod. As the pickup-arm lift lever applies a force in the left-hand 

direction, the pickup-arm lift rod is forced to the left causing the pickup 
arm to rotate upward. 

Figure 9B shows that the tip of the pickup-arm raising lever contacts 
the stud of the pickup-arm lever, moving the pickup arm outward from the 
center of the record. As this motion is occurring, the stud on the pickup-
arm lever contacts the pickup-arm return lever forcing it clockwise against 

the tension of the spring shown in Fig. 9C. 
When the pickup arm reaches the outermost position, the clamping latch 

of the pickup-arm return lever hooks around the stud on the pickup-arm 

lever and locks it in position. When the pickup-arm raising lever reverses 
its motion due to the change in the cam position, it still retains contact 
with the stud on the pickup-arm lever as in Fig. 9C. 

Since the pickup-arm return lever is exerting an inward force on the 
pickup arm due to the spring tension, the motion of the pickup arm is 
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stabilized by contact between the two parts. A stud on the left-hand end 
of the pickup-arm return lever comes into contact with an eccentric stud 
(indexing adjustment), as in Fig. 9D, stopping the inward movement of 
the pickup arm directly above the landing position of the pickup arm. The 
position of the indexing adjustment can be changed by rotating the eccen-
tric stud, providing a fine adjustment for the proper set-down position. 
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Fig. 9. Indexing in the conventional drive gear cam type of 45-rpm record changer 

The stud on the right side of the pickup-arm raising lever still contacts 
the pickup-arm lift lever ( as in Fig. 9A) as its position is reversed, thus 
lowering the pickup arm so that the needle contacts the record at the start. 

Indexing in Slide-type Mechanism. In the slide-type mechanism, a 

knurled hub gear drives the drive gear during the change cycle. The drive 
gear is pivoted off center and is mounted on the cycling slide, as illustrated 
in Fig. 10A, so that as the distance between the drive-gear pivot and the 

knurled roller increases, the slide is pushed to the right toward the pickup-
arm shaft. In the course of this action the tension of the return spring is 
increased, and in addition the muting switch is allowed to close. 
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As the motion of the slide continues, the incline on the cycling slide 
causes the pickup-arm lift rod to rise, lifting the pickup arm. This is shown 

in Fig. 10B. The stud on the pickup-arm lever contacts the side of the 
cycling slide so that as the slide continues to move to the right in Fig. 
10C, the pickup-arm lever is pushed in a counterclockwise direction. The 

eccentric indexing-adjustment stud, which is attached to the pickup-arm 
lever, moves against the pickup-arm return lever. 
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Fig. 10. The indexing mechanism of a 45-rpm slide-type changer. Mechanism shown from two 
different sides for clarity 

After the next record has dropped to the turntable, the cycling slide 

moves away from the pickup-arm shaft. This is possible since the drive 

gear has rotated so that its smaller-diameter side is against the knurled hub 

gear. The return spring keeps them in contact, assuring the return motion 
of the cycling slide. 

As shown in Fig. 10C, the spring tension on the pickup-arm return lever 
causes it to stay in contact with the indexing-adjustment stud on the pickup-
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arm lever. Thus the other stud on the pickup-arm lever follows the slide as 
it moves. 

When the indexing-adjustment stud contacts the curved stop on the 

cud of the pickup-arm return lever ( as illustrated in Fig. 10C), the pickup-

arm lever no longer moves. This is the set-down position. When the cy-
cling slide moves so that the pickup-arm lift rod slides down the incline, 
the pickup is lowered to the start of the record. 
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Fig. 12. The ratchet wheel of the drive-gear-cam-

type changer is stopped by a protrusion on the 

bottom of the pickup-arm raising lever thus 

initiating the drop mechanism 

As the cycling slide returns to its rest position, a stud on its extreme 
end moves the pickup-arm return lever away from the indexing-adjustment 

stud, as in Fig. 10D. The pickup arm and pickup-arm lever are then free 

to follow the record grooves. In addition, a tab on the slide opens the mut-
ing switch so that the output of the pickup will be fed to the amplifier. 

Ratchet Wheel. The position-trip mechanism of the slide-type 45-rpm 

changer causes a ratchet wheel to be stopped, stopping the spindle mecha-

nism so that the record shelf is actuated. The ratchet wheel shown in Fig. 
11 is attached to the spindle shaft and normally rotates with the turntable. 

When the cycling slide moves to its extreme position during the change 
cycle, a stop lever on the innermost end engages the ratchet, causing it to 
stop. 

A variation is shown in Fig. 12 and is used in the drive-gear-cam type of 

45-rpm changer described. The pickup-arm raising lever moves the pickup 
arm out from the center of the record. As this occurs, the left-hand end of 
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the pickup-arm raising lever, which extends below the base plate, contacts 
the ratchet wheel and stops it, as illustrated. 

Repair of 45-rpm Record Changers. Since the mechanisms of these 

45-rpm record changers arc similar to those discussed in previous chapters, 
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Fig. 13. Pickup-arm height and indexing adjustments on the drive-gear-com-type 45-rpm changers 

Howard W. Sams photo) 

BASE PLATE HEIGHT 
ADJUSTMENT 

detailed steps for repair are not repeated. Problems result from the same 
types of difficulties, namely, dirt, grime, burrs, loose studs, bent parts, and 

weak or missing springs. Usual techniques must be applied to correct 
these, but diagnosis of the trouble should be considerably easier because 

of the simplicity of the mechanism. 
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Adjustments. The principal adjustments are the pickup-arm height and 
indexing adjustments. The locations of these for the more conventional 
drive-gear-cam mechanism are shown in Fig. 13. Both adjustments are on 
the top side of the base plate near the pickup arm. 

The indexing adjustment is generally required most frequently of all in 
record-changer repairs. The position at which the pickup should set down 

is 2% inches from the spindle. This is halfway between the edge of the 

record and the first music groove. 

Fig. 14. A bottom view of the slide-type 45-rpm changer shows the cycling slide and various 

adjustments 

The landing or indexing adjustment is a cam with a slotted stud to per-

mit use of a screwdriver. If the indexing and pickup-arm mechanism is 
properly assembled, the correct adjustment should be near the center of 
the cam adjustment as indicated in the illustration. Some variation may 

be expected, but if it is necessary to adjust very near either extreme, the 
mechanism should be inspected. 
The height adjustment is a cam located near the rear of the base plate. 

To check it, the mechanism should be started through its change cycle by 

hand. When the pickup arm has reached its maximum height, there should 
be •y, inch between the turntable and the needle. The pickup arm should 
rise during clockwise adjustment of the eccentric on the pickup-arm lift 

lever. If the adjustment is turned too far, back it up and repeat the ad-

justment. 
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In the cycling-slide mechanism the indexing adjustment is a cam on the 
pickup-arm lever. Figure 14 shows this and other possible adjustments. The 
height adjustment is checked in similar fashion as described above, also, 

but the proper spacing is 1% inches. The location of the knurled adjust-
ment nut is at the upper left end of the slide. The muting switch may be 

adjusted by loosening two screws and moving it. 
To correct for records dropping on the pickup arm, the stop-lever ad-

justment should be utilized. Likewise, the trip point is conveniently ad-
justed. Trip should occur when the needle is 1%, inches from the spindle. 

Lubrication. The motor bearings on both units should be oiled with 
SAE 10W oil. On other bearing or sliding surfaces STA-PUT or Lubri-
plate are recommended. STA-PUT No. 320 or its equivalent is recom-
mended for the bearing surfaces, and STA-PUT No. 512 or its equivalent 
is recommended for the sliding surfaces. Once again, if any oil or grease 
gets on rubber parts it should be thoroughly washed off immediately with 

alcohol. 
45-rpm Spindles on Three-speed Changers. Many three-speed record 

changers use a single spindle of conventional diameter. In order to play 
45-rpm records on such changers, it is necessary to use the snap-on spiders 

on each record. These reduce the size of the center hole to fit the conven-

tional spindle. 
Other changers use changeable spindles. To play the 45-rpm records, a 

large-diameter spindle plugs into the turntable and works very much like 
the 45-rpm spindles previously described. No ratchet wheel is used. In-

stead the drop is actuated by the spindle shaft being pushed upward as in 
the spindle-drop mechanism. By use of a beveled cam surface at the top of 
the spindle shaft the slicers and selector shelves are caused to operate. 

QUESTIONS 

1. How do the 7-inch records differ from others? 
2. How does the 45-rpm spindle differ from the conventional spindle? 
3. What arc the unique features of a 45-rpm changer? 
4. Describe the dropping action of a 45-rpm changer. 
5. 'What type of trip mechanism is normally used in a 45-rpm changer? 
6. What is the purpose of the ratchet wheel? 
7. What is the difference between the spindle of a 45-rpm changer and the 

7-inch changeable spindle used on three-speed changers? 
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Amplification and Compensation 

Need for Amplifier. The electrical signal developed by the pickup in a 
record changer is of a low level, generally under 3 volts. In order to convert 
this to an audible sound, amplification is needed. The audio amplifier used 

in reproduction of recordings is essentially the same as that used in ampli-
fying the radio and television sound but may have special features to give 
higher fidelity and to compensate for the varying characteristics of record-
ings. 

Amplifiers. A simple audio amplifier consists of a voltage amplification 

section and a power amplification section. One such unit is shown in Fig. 
1. This gives an output sufficient to drive a loudspeaker so that the re-

corded information is audible to the listener. 

More elaborate amplifiers are used to give more output, wider frequency 
response, and less distortion. A common method of producing more power 
and less distortion is to use a push-pull output circuit, as shown in Fig. 2. 

As would be expected, more output power is available since two output 
tubes are used. In addition, the even harmonics oppose each other in the 

primary of the output transformer and are effectively canceled. Thus, there 
is less distortion present. 

Negative Feedback. The frequency response of a resistance-coupled 
amplifier is definitely limited. This may be extended by the use of negative 

feedback, and at the same time distortion is very greatly reduced. More 
expensive amplifiers nearly always use negative feedback. 

It is generally customary to use about 20 db of feedback, which reduces 

the distortion to about 10 per cent of the value without feedback. A re-

sistance-coupled amplifier with feedback is shown in Fig. 3. More elaborate 
229 



230 Repairing Record Changers 

270 

500K VOLUME 
CONTROL 

0.005 
MFD 

P -fr _ MOTOR 

3511 352 507/0 
  RECTIFIER 

/2507 
VOLTAGE AMPLIFIER , 

0 003 1 

MFD 0M0E003 

SWITCH ON 
TONE ARM 

POWER INPUT 
/17 V A-C /D-C 

270K 

470K 

50L60 
POWER AMPLIFIER • 

002 
MFD çj 

,r) 

5,600 
30 MEC 

1 WATT 

33 
' 80 MFD 

50L6 12507 

/20 
5 WATT 

HEATERS 
0 / 
MF 0 

3.2-OHM 
VO/CE COIL 

SPEAKER 

-I- COMMON GROUND -Et 

„h, CHASSIS 6ROUNO 

Fig. 1. A simple amplifier consisting of a voltage amplification section and a power amplification 

section. A rectifier supplies B 1- voltage 

PHONO 
JACK 

615 
39K 

1 A-F 
00/ MEO 

,560 0005MFD 
_L-MMF 

20 k 

FDI 22K M 

£i? = (‘J 0.015 
MFD 0005 , 

MFD 1,800 20 27K 
, MFO 

XTAL 

X  

SWITCH ON 
PHONO 
BASE 

//7 V A-C 

SWITCH ON LO 
TONE CONTROL 

20 
RECTIFIERIMFD1 
5Y 36T 30 

MFD — 

6507 
2ND A-F 

VOLUME 

PHASE 
IN VER TER 
6S07 

2701900351 1 1 560 
K MFD   
4J MFD MME 
2 
o 1... 
la: 

-, 

20 
MFD 

470 
0.01 MFD K 

6K6GT 
OUTPUT 

iz 20 390 
I 8200 MFD 2 

W,477 

6K6GT 
OUTPUT 

002 MEO 

470 

00035 
MFD 

0 0035 
MFD 

Fig. 2. A push-pull amplifier (2 6Ki5's) provides considerable output with low distortion 

amplifiers mav use other types of coupling as well as feedback to give still 

better results. Figure 4 is a transformer-coupled amplifier. 
Negative feedback also serves to rcduce the output impedance of the 

amplifier. This helps to damp out unwanted transients in the loudspeaker. 
These transients might be defined as short-lived distortions of an irregular 

type. 
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Relation of Cost to Design. Inexpensive amplifiers may be of the a-c/d-c 

or transformerless variety. his is definitely a money saver. It is likely that 

only moderate d-c filtering will be used as well. As an amplifier design is 
improved to provide less distortion, power supply filtering is usually im-

proved, too. In the case of an elaborate design regulation may be employed 
to maintain a relatively constant B+ supply, even though the line voltage 
may vary. As one phase of a circuit is improved, other aspects must be im-

proved as well. Cost thus goes up rapidly with improvement in character-

istics. 
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Fig. 3. Negative feedback extends the frequency response and greatly reduces disto tion in an 
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Preamplifiers. Magnetic pickups generally have more desirable charac-
teristics than the crystal types. The price that is paid for this is a consider-
ably reduced output. As a result, it is usually necessary to use a preampli-

fier to raise the magnetic-pickup output to the proper input level for the 
average amplifier. If the amplifier is designed for the pickup, the two may 
be combined by adding an extra stage or two. On the other hand, the 

preamplifier may consist of a small supplementary chassis as shown in Fig. 
5. This particular amplifier includes compensation at low frequencies. 
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Fig. 5. A supplementary preamplifier chassis used with a regular amplifier when a GE variable-

reluctance pickup is used. Low-frequency compensation is included consisting of RI, R2, and Cl. 
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Use of Compensation. The customary method of recording commercial 

records is to use a varying frequency characteristic. Surface noise in a disc 
occurs primarily above 1,000 cps. To reduce the effect of this in the re-
production, it is common to accentuate the high frequencies when record-

ing and to correspondingly attenuate the high-frequency response of the 
pickup. This gives a constant output and an improved signal-to-noise 
ratio. 

The N.A.B. ( National Association of Broadcasters) standard lateral-
recording characteristic is shown in Fig. 6. Over most of the low-frequency 

range the recording amplitude varies inversely with the velocity of the 
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modulated record groove. This means that regardless of the frequency the 
recording amplitude remains constant. At the lowest frequencies pre-
emphasis is introduced. In a manner similar to the high-frequency pre-

emphasis, this tends to reduce line frequency hum and turntable rumble. 
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Fig. 6. The N.A.B National Association of Broadcasters) recording characteristics 

In order to give an audible output which is the same as that originally 
produced for recording, it is necessary to provide characteristics opposite to 
these recording characteristics. This is illustrated in Fig. 7. For this reason 
compensation is introduced. 
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Fig. 7. Oyer-all audible response desired to correct for N.A.B. recording characteristics so as to 

make playback the same as the original sound recorded 

Compensation is the act of correcting or replacing something that is lost. 
Generally it is spoken of very loosely as any change which is made in the 

response. Figure 8 shows several simple RC compensation circuits that are 
frequently encountered. In Fig. 8A is shown a series RC circuit with the 
output taken across the resistor R. With this the low-frequency response 
falls off below a certain frequency. 



234 Repairing Record Changers 

Another combination frequently encountered is the parallel RC circuit 
shown in Fig. 8B. The equivalent stray capacitance across the plate load 
resistor of a resistance-coupled amplifier gives this arrangement, which 
causes the output ( or impedance) to drop off at high frequencies. 
A series RC circuit can be used as an impedance, as shown in Fig. 8C. 

This circuit will increase the low-frequency response. 

The parallel RC circuit of Fig. 8B can be used in series to give a rising 
high-frequency effect. Figure 8D illustrates this. Since the impedance of the 

parallel portion decreases as the frequency increases, the output resistor R, 
is a greater percentage of the total impedance. Thus the output rises, as 
at fa. However, R., and C, form a series divider of the type shown in Fig. 
8A. The effect of this is to add a downward break, as at fb. 
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Fig. 8. Simple RC combinations give various frequency-response changes as illustrated 

Practical Compensation Circuit. An actual compensation circuit is shown 
in Fig. 9. The response of this circuit is about 3 db per octave. If one 
section is applied to the response of recording, a relatively flat output is 
obtained. 

Combining Characteristics. Where one circuit does not load down an-
other, they may be combined to give improved results. Thus two com-
pensation sections may be cascaded, as in Fig. 9, and the results will be 
essentially twice that of one alone. 

Compensating for the Pickup Cartridge. In addition to compensating 
for the recording characteristic, it is often necessary to compensate for the 

pickup. Crystal pickups, for example, are frequency-sensitive because of 
internal capacitance. A Rochelle salt crystal has high internal capacitance 

and a PN type (ammonium dihydrogen phosphate) has low internal ca-
pacitance. 
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The pickup may be represented as a voltage generator in series with a 
capacitance. The value of this capacitance is about 1,000 micromicrofarads 
(itef) for a Rochelle salt pickup and approximately 1044 for a PN car-

tridge. Figure 10 shows the circuit of a compensated crystal pickup and the 
over-all response. The pickup has a capacitance of about 1044 as indicated. 
C, is the capacitance of the cable, R. and C. make up a compensation cir-
cuit, and R, represents the grid resistor of the amplifier input. 
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Location of Compensation Circuit. In order to provide compensation, a 

convenient means must be used to incorporate it in the circuit. It is readily 
possible to put such compensation in the amplifier circuit. Since amplifiers 
are often used with more than one pickup, the compensation is put in at 

or near the input. 
Where a preamplifier is used, it is generally associated with a specific 

pickup so that the compensation may be included in the preamplifier cir-
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cuit. Figure 11 shows such an arrangement where the compensation is in-
cluded between two sections of a 6SL7 or 6SC7. In this case provision is 
made to select various types of compensation to match recording charac-
teristics. 

Insertion Loss. All compensation circuits have an insertion loss which 
must be made up by the amplifier. 

Amplifiers frequently use bass and treble controls so that the listener 
may vary the response of the circuit. These controls are a part of circuits 
which are compensation circuits. Control of the bass notes, or bass boost 
as it is often known, is made by means of an RC circuit of the type already 

discussed. Control of the high notes is accomplished by means of a circuit 
which attenuates the low frequencies more than the highs. Figure 12 shows 

a circuit containing both treble and bass control. As with previous cases 
of compensation circuits, insertion loss exists. 
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Fig. 12. An amplifier with both bass and treble tone control 

Since tone-control circuits have insertion loss and also serve to change 

the gain at certain frequencies, many tone controls will have an effect on 
the volume. Likewise, a volume control is usually part of a frequency-
sensitive circuit such as an RC coupling arrangement and will therefore af-

fect the frequency response. It is possible, however, to rather simply obtain a 
tone-control circuit which does not materially affect the frequency response. 

More important is the consideration of the hearing characteristics of 

the listener. The level of sound at which a person begins to feel the sound 
as well as hear it is known as the threshold of feeling. At this level the 
response of the ear is nearly uniform over the entire hearing range. As the 

volume is reduced, however, the ear is more sensitive to the mid-frequency 
range. This means that if one is to hear the sound in proper proportion, 
the high and low frequencies must be amplified more than the mid-
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frequencies. This effect becomes progressively pronounced as the volume 

is decreased as shown in Fig. 13. 
Until recently a volume control with these characteristics was very elabo-

rate, as might very well be expected. A relatively simple arrangement is 

now available and is illustrated in Fig. 14. The characteristics show that, 
in general, this arrangement does a very acceptable job at a reasonable price. 
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Adding a Compensation Circuit. It is generally possible to add compen-
sation to the circuit by connecting it between the record-changer output 
and the amplifier. Figure 15 shows the method of connecting two such cir-

cuits to compensate for a crystal. Such a practice is not indiscriminately 
recommended but demonstrates adjustments which can be made and sug-
gests an experiment for familiarization. In Fig. 15A, R, will vary the low-
frequency response. The lows are increased by making the value larger. 
With R, removed, the low frequencies are a maximum. The output is 
controlled by 112. A smaller value gives an increased output. An increase in 

C, will increase the high frequencies. 
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Where needle scratch is prevalent, it may be controlled by the circuit of 
Fig. 15B. To increase the highs, C, may be decreased. If R3 is increased, 

the highs will be decreased and the volume reduced. 
Volume Expansion. If the full volume range were recorded the lateral 

groove variation would be very large. On loud passages, the groove would 
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cut through to the adjacent one unless considerable space were left be-
tween grooves. This would limit the amount that could be recorded. 
To avoid such problems, volume compression is used when recording. 

Electronic circuits are used to limit both the loud and the soft passages so 
as to reduce the range of volume changes. In most recordings this is of 
little consequence. In operatic recordings, however, a high-fidelity en-

thusiast will notice the difference. To overcome this, a volume expander is 
used. This reverses the effect of volume compression so that the soft pas-
sages are made softer, and the loud passages are made louder. This might 

be viewed as the opposite of automatic volume control ( a.v.c.) as used in 
radios. 
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Volume expansion is usually built into the amplifier and consists of one 
or more stages of action. It is possible to use a separate volume expander 
by connecting it between two amplifier stages. A typical volume expander 
is shown in Fig. 16. 

Connecting a Record Changer to an Amplifier. The record changer 

usually has a shielded cable with a single center conductor coming from the 

pickup cartridge. The shield is a metal braid surrounding the center con-
ductor which is the signal lead. The shield is connected to the ground 
side of the cartridge and to the metal plate or chassis of the record changer. 
The shielded cable is usually terminated by a simple plug-in or screw-on 

connector. The outer shell of the connector is used for the ground or shield 
connection and the center contact for the signal connection. A mating con-
nector is provided on the amplifier. 

If the amplifier uses screw connections, the ends of the shielded cable 
can be slipped under the screws and fastened securely, or spade lugs can 
be attached to the end of the shielded cable. If the loose ends are fastened 

directly, they should be tucked under the screw head and bent around the 
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screw in a clockwise direction. Then as the screw is tightened, the wire 
will tend to wrap around the screw rather than squirm out. 

Connecting a Record Changer to a Radio. Nlanv radios have provisions 

for connecting a record changer directly to them. If this is not the case and 
such a connection is desired, it will be necessary to add a connector and a 
switch and to rewire a portion of the circuit. The basic requirement is to 

open the circuit of the radio at the output of the second detector and in-
sert a switch which can be used to select either radio or phono. The con-
nection is shown in Fig. 17. 
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DETECTOR 

DETECTOR 

DETECTOR 

DETECTOR 

Fig. 17. Various radio-detector circuits (left) and the corresponding manner in which a record-

changer attachment may be made (right). The ground connection in an a-c/d-c set must be isolated 

from the chassis by a capacitor 

The input to the amplifier section is connected to the selector arm of 
the switch. The record-changer input is connected to one switch position, 

and the second detector output is connected to the other. 
The record-changer or phono lead from this switch should go to a con-

nector mounted at the rear of the chassis. Since the volume level at this 
point is very low, shielded cable must be used. Since two connections are 
made, either two pieces of shielded cable may be used or a single piece 
of two-conductor shielded cable. The following descriptions will be based 
on use of a single piece of two-conductor shielded cable. 

If it is possible, a combination connector and switch assembly is recom-
mended for convenience. If not, separate units can be used but will neces-
sitate additional work. The switch may be a single-pole double-throw 
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(S.P.D.T.) toggle switch. The connection of the connector and switch are 
shown in Fig. 18A, and a commercial version is outlined in Fig. 18B. 
The switch or assembly should be fastened to the radio cabinet by means 

of a bracket in a convenient position. The upper-rear edge of the cabinet is 
a convenient spot. Where a plastic cabinet is used, the bracket must be 
fastened to the chassis. Soldering or use of self-tapping screws may be con-
venient. 
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Fig. 18. Circuit connections to modify a radio for record-changer input. (A) Connection of the 

connector to the switch, showing the use of single-conductor-shielded cable. (8) A commercial switch 

and connector combination that utilizes double-conductor-shielded cable. (C) Methods of connecting 

the switch of (8) to the circuit 

If the set is a-c/d-c, the connector and switch should be isolated from 
the chassis by means of a block of wood or other suitable insulator. Caution 
must be taken that there is no metallic connection between the hot chassis 
and the shields on the cables. Keep the shield on the cable well away 
from the chassis, and make the chassis connections through a 0.25-micro-
farad 300-volt condenser. 
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Figure 18C shows the physical connections of the switch to the radio 
circuit. To determine where the connection is to be made, the circuit must 
be inspected to find the lead which goes from the second detector to the 
audio tube or the volume control. In most radios the connection will be 
made to the volume control. 

QUESTIONS 

1. Why is an amplifier necessary? 
2. What is the advantage of negative feedback? 
3. Why is compensation used? 
4. What is the purpose of volume expansion? 
5. How do you connect a record changer to an amplifier? 
6. Where do you break a radio circuit to connect a record changer? 
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Fault Location and Tests 

Approach to Repair. The knowledge you now have about basic mecha-

nisms is the important factor in isolating troubles and making repairs of 
record changers. Background knowledge is most valuable, however, if it 
is put to use in a logical manner. This is most important in a new or un-

familiar model of changer. 
The best way to get acquainted with a record changer is to study the 

mechanism for a few minutes when it is idle, then rotate the turntable by 
hand and watch the various actions as the mechanism slowly goes through 

a cycle. 
Location of Key Parts. When the changer is idle, look for the motor, 

the method of turntable drive, the method of coupling power to the cy-
cling mechanism, the type of drop mechanism, the controls, and other easily 
recognized parts. A general familiarization is thus established. Now, when 
the cycling is actuated by use of the REJECT button and the turntable is 

rotated by hand, the combined action of the various parts can be more 
easily studied. Go as slow as is necessary to study individually the actions 
that occur simultaneously. With this approach, the familiar basic mecha-
nisms can be readily recognized and a thorough understanding gained even 
on a changer you have never before worked on. 

Segregation of Actions. While studying the changer mechanism, it helps 
to mentally separate the trip, drop, indexing, and drive sections. The auto-
matic shutoff may also be checked if present. Certain obvious features can 

conveniently be used to isolate these sections quickly, as shown in Fig. 1. 
The cycling power drive comes from a single source so this may be located 

first. Suppose it is a large drive-gear cam driven by the turntable. This would 
244 
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then be connected in some manner to the pickup arm so as to raise and 

rotate the arm. Having located the lift rod, the linking mechanism between 
the drive gear and the lift rod can easily be traced. 
The method of dropping the record to the turntable can just as easily be 

determined by inspection. You know that the base of the record-selector 
shaft must be linked to the drive gear so look for the drop actuator first. 

Trace the links from here to the drive gear and you have covered the 
record-dropping section. 

RECORD SUPPORT 

CONTROL 
KNOB 

RECORD 
SELECTOR 
SHAFT 

SPINDLE PICKUP ARM 

DRIVE HUB GEAR 

MECHANISM 

PICKUP ARM 
RETURN LEVER 

PICKUP 
ARM LEVER 

LINK BETWEEN 
PICKUP ARM AND 
VERTICAL CAM 

INDEXING LINK 

HORIZONTAL CAM 

DRIVE GEAR 

Fig. 1. Easily recognizable parts of a record changer assist in analyzing the actions involved 

By inspection of the drive gear and its clutch pawl the clutch mechanism 
can be located. This can then be traced back to the pickup-arm lever 
which will work in unison with the pickup arm. The connecting link be-
tween these can often be clarified by checking the tie-in with the REJECT 
control knob, which will also actuate the clutch. 

Once the actions are determined, investigation of any trouble may be 
made. Where this is an improper action or a missing action, such as two 
records dropping at once or none dropping, the improper operation of the 
mechanism is usually obvious. The first step in finding the cause of the 

trouble is determining how the mechanism is supposed to work. Here your 

knowledge of the basic mechanisms is of prime value. Any information 
gained through experience or from changer service manuals will also be 

of assistance. 
Classifying Troubles. Most record-changer troubles can be classified ac-

cording to the section in which they occur, such as motor, drive, trip, drop, 
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Types of Test Records. There are a number of manufacturers of test 

records, and most make more than one type. Dubbings has a 12-inch 

33%-rpm microgroove test record which includes the following: 

Frequency response: 30, 50, 100, 250, and 400 cps constant amplitude; 

700 cps, 1, 2, 4, 6, 8, 10, and 12 kc constant velocity 
Wow: 3-kc tone for 45 seconds 
Rumble: unmodulated 45-second groove 
Tracking test: 5 levels of 400 cps tone. 

Clarkstan has two somewhat similar test records, one for 78 rpm and 

another for 33% rpm. 
Dubbings has another test record to check compensation or equalization 

of a system. If properly compensated, the amplifier output as measured 
with a vacuum-tube voltmeter will be very nearly flat. The test record con-

tains test sections for several different record compensations. 
Test records are available through most radio-parts jobbers. 
Turntable Speed. The speed of the turntable may be checked by means 

of a stroboscope card placed over a record. If the speed of the turntable 
varies, the wow will be detected as a variation in the rotation of the bars 

or dots on the stroboscope card. 
Check the speed first with one record and again with a full stack on 

the turntable to determine the effect of loading. Since some variation will 
occur with loading, it is desirable that the speed under light load is slightly 

fast and that under full load it is slightly slow. 
Needle Pressure. Needle pressure is important because it affects the 

trackilig and wear of the records. If the pressure is not great enough, the 

needle may skip over grooves. If the pressure is too great, undue wear may 
occur in either the record or the needle. Needle pressure is covered in the 
chapter on needles and pickups. Needle pressure, vertical friction, and 
horizontal friction should not be taken lightly. Checking is a simple routine 

which will pas' dividends in added repair work and customer satisfaction. 
Rumble and Wow. Rumble is caused by mechanical vibrations which are 

coupled into the pickup from the motor. Most of this rumble is suppressed 
when the base plate of the record changer is floating properly on its springs 

or rubber cushions. 
When shipping new changers, it is customary to fasten the base plate 

down tight with screws. These are sometimes inserted through the spring 
supports. In this case the screws must be loosened and left in place. In some 

cases these shipping screws are located under the turntable and must be 
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removed. Such screws can usually be identified by the large slotted head so 
that the appearance is that of a wood screw rather than a machine screw. 

If these shipping screws are not removed, rumble will exist. This and other 
causes of rumble are shown in Fig. 2. 

Excess vibration originates primarily in the drive system. Wobble in the 
drive wheels due to loose bearings, uneven surfaces, and a bent or warped 
turntable are possible causes of this. 

LOOSE 
BEARING' 

INSIDE OF TURN-
TABLE ROUGH 

DAMAGED OR 
WARPED • 
TURNTABLE 

OUT-OF-ROUND 
OR ROUGH IDLER 

Fig. 2. Rumble, feedback, and howl are caused by mechanical vibrations being transmitted to the 

pickup. (General Industries photo). 

Wow is due to variations in turntable speed. It causes the pitch of the 

resulting sound to change continuously. Binding or slipping of the turntable 
drive system are causes of this, as illustrated in Fig. 3. 

Gumming or lack of lubrication is one possible cause. On the other hand, 
the presence of lubrication on friction elements such as the idler, drive 

wheel, or turntable rim may cause slipping. Motor difficulty or loose springs 
may also be the cause. 

A missing washer in the bearing assembly can cause wow. If the friction 
is excessive as a result of this, the wow may very well change to a rumble. 
Caution should be used when removing the turntable since a washer will 
very often cling to it and drop off unnoticed later. 
Jamming. Jamming of the mechanism may occur in almost any section 

of the record changer. Two of the most likely causes are improper record 
dropping and improper handling of the pickup arm. When a record fails 
to drop clear, it may be squeezed, such as between slicers in a two- and 
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Fig. 3. Various causes of wow (speed variation) 

three-shelf slicer-type mechanism, thus restricting the movement of the 
parts. 

The pickup arm can cause jamming if the trip is actuated when the pickup 
arm is picked up. In this case the action of the mechanism is faster than 
the hand, causing undue force to be applied to the set-down mechanism. 

Excess friction between parts, such as that caused by lack of lubrication 
or a scraping because of a burr, can also be a cause of jamming. 
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To free a jammed mechanism, rotate the turntable by hand in a backward 

or counterclockwise direction. Once the mechanism is free, it should be 
inspected for damage and recycled by hand to ascertain that it will not jam 
again. 

When the mechanism is jammed, the motor is usually stalled. The motor 
is generally designed so that it is not damaged under these circumstances. 
On the other hand, it is possible for the motor to rotate and slippage to occur 

elsewhere, such as between the motor shaft and the idler wheel. This may 
wear an indentation into the idler causing a repeated thump or rumble when 
operated again. 

Many record changers were designed for 78-rpm operation and the 33%-

and 45-rpm speeds added without redesign of anything but the drive mecha-
nism. The flywheel effect of the turntable is dependent upon the weight, 

size, and speed of rotation. As a result of the slower speed and therefore 

less flywheel energy, it is possible for the mechanism to slow down and pos-

sibly stop during cycling at 33% rpm yet operate satisfactorily at other 
speeds. This slowdown can result from excess friction of moving parts. It 
may also be due to weak tension in the idler spring, permitting slippage in 
the drive mechanism. 

Stalling of the record changer can occur if the temperature is so low that 
the grease congeals. Low line voltage is another cause of stalling. The motor 
will generally not operate too well at a voltage of less than 105 volts. 
Improper Tracking. Improper tracking may be a skipping of grooves or a 

repetition of the same groove. Assuming that the record is not at fault, diffi-

culty may be due to an unlevel mounting, insufficient slack in the pickup 
leads, or a binding in the pickup-arm bearing. A turntable can be checked 
to see that it is level by using a pocket-size level faced in two directions at 
right angles to each other. 

Glide-in is a common type of trouble. It occurs when the needle does not 
follow the starting groove but rather slips across ( or glides in) several 

grooves. Generally this is caused by improper indexing action. 

Record Defects. Faulty records are often the cause of difficulty and should 
be investigated immediately if there is any doubt. Records that are too thin 
or too thick may cause trouble in slicer- and pusher-type drop mechanisms. 

Improper-size center holes may cause problems where spindle support or 
drop is used. Spindle drop often causes rapid wear of the center groove. 
Lack of a finishing groove, as on old records, will result in loss of trip 

action. 

Warped records can cause improper drop, slow speed, wow, skipping of 
grooves, and improper trip. 
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Cleaning and Lubrication. Parts needing cleaning should be thoroughly 

wiped, brushed, or rinsed with carbon tetrachloride. This is a solvent for the 
accumulation of dirt and grease. Naptha and alcohol are suitable substi-
tutes. It is essential to the proper operation of a record changer that the 

parts are either clean or adequately lubricated. Rubber parts, in particular, 
must be kept clean and free of grease and oil. Lubricants deteriorate rubber. 
Do not use carbon tetrachloride to clean off rubber as it is a solvent. Use 

alcohol to clean dirt or lubricants from rubber. Be careful not to breathe 

the fumes as they are dangerous. 
Many parts are designed to operate without lubrication. Certain items, 

such as the friction portion of a velocity trip, must not be lubricated. 
Those parts of a record changer which should usually be lubricated are 

listed below. Lubricants are of two types; a light oil such as SAE 10W and 

a heavier quality grease such as STA-PUT or Lubriplate. 

SAE lOW 
Drive-motor bearings 
Pickup-arm shaft 

Felt lubricating washers 
Ball bearings 

Trip-rod bearings 
Turntable and spindle bearings 

STA-PUT No. 320 or Lubriplate 105 

Bearing surfaces 

Cam bearing 
Record-shelf assembly 

Gear teeth 
Hinge bearing 

Turntable ball bearing 

STA-PUT No. 512 or Lubriplate 105 

Worm threads 
Other surfaces 

No Lubrication 
Slicer separator shaft 
Friction connections 

To be certain of the lubrication procedure, the manfacturer's manual 
should be read, and the instructions followed for the particular unit involved. 

Figure 4 shows an example of such information. 
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Fig. 4. Lubrication points of a record changer. (A) Top view. (B) Bottom view 
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Assembly and Disassembly of Mechanism. Certain precautions should 
be observed during repair work on record changers. A lot of effort is expended 
in disassembly and reassembly of mechanical parts. Proper caution will give 
good results with a minimum of effort. 

First, proper tools should be used. This applies particularly to screwdrivers. 

Use of, a Phillips screwdriver of the proper size to remove Phillips-head 
screws, and use of the proper blade size to remove slotted-head screws is 
essential to avoid stripping or gouging the head. 
The proper blade size is the one which fits the head snugly. In this manner 

the force is applied evenly through the slot rather than at isolated spots. 
When tightening machine screws, only moderate pressure should be exerted. 
Excess pressure may shear the screw or make it difficult to remove. 
When disassembling a mechanism, it should be inspected thoroughly 

before removing any screws. Careful scrutiny will probably reveal the points 

at which the mechanism separates. In some instances removal of the wrong 
screw will allow an undesired assembly to come apart. Thus caution must 
be used. Where several screws hold the assembly, partial loosening of all 
of them will allow checking to assure that only the necessary ones are taken 
out. 

Assembly of a mechanism is sometimes complicated if one of several 

screws is put in and tightened completely. Because of mechanical tolerances 
necessary for economic construction, all of the holes may not line up exactly. 

If all of the screws are put in only part way and then alternately tightened 
a few turns each, the assembly will pull together properly. Finally, each 
screw can be tightened firmly. 

Since a record changer is floating on spring supports, it is necessary that it 
be held in position so that it cannot fall out in transporting. Frequently a 
pivoted mounting clip is used with a stud or bolt for this purpose. This is 
illustrated in Fig. 5. To release the changer from the mounting springs, an 

upward pressure must be applied to the slotted ends of the clips. When 
enough pressure is applied, the clips will snap into a vertical position. When 

installing the record changer, the clips must be pivoted back to the holding 
position. 

Disconnecting Wires for Replacement of Parts. In the process of repairs 
it is often necessary to remove leads from cartridges, switches, and other 

electrical parts. Where more than one wire is used, color coding is frequently 
used. This is to distinguish between the connections. When removing the 
wires, it is well to take note which wire is connected to each point. If im-
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mediate replacement is not made, a sketch is usually advisable. This as-
sures that proper installation is made later. Where more than one person 
may work on the equipment, such notation is essential. 
Removing Burrs. Since most actions depend on smooth operation of 

several interrelated mechanical parts, it is essential that frictionless motion 
be approached. A nick or burr is a common cause of trouble. To smooth 
such a surface, a file or crocus cloth must be used. If the burr is heavy, a 
file is desirable. It should, however, be of a coarseness consistent with the 
roughness of the piece. In most cases a rather fine file is desirable. 

PRESS HERE TO RELEASE 

Fig. 5. A popular support spring uses a mounting clip to retain the changer in place. To remove, 

an upward pressure must be applied until the clip snaps into the vertical position 

After the burred surface has been evened off, the crocus cloth should be 
used to polish it. Since the burr was probably caused by rough contact 
between the parts, they should be polished extra well to avoid repetition. 
Cleaning of the surface with carbon tetrachloride will allow careful inspec-

tion of the surface so the condition can be determined. 
Bending Metallic Pieces. Relatively long, flat pieces of metal are often 

used in record changers. Repairs occasionally require slight bending of such 
parts to correct for warping caused by jamming, excess pressure, or other 
similar reasons. Extreme care must be used in straightening such pieces 
in order to avoid causing more damage. 

Since it is seldom convenient to remove the piece and flatten it in a vise 
or with a mallet, it is necessary to use one or two pliers. The piece should be 
grasped with as broad a grip as possible, using the broadest portion of the 
pliers. Easy force should be applied so as to bend the part gently and not 
too much. Patience is a virtue under such circumstances. The force must 

be applied in only the one direction so that the part is not twisted. Skill is 
vital, but until it is acquired extra care must be used to supplant it. 
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QUESTIONS 

1. How would you determine the trip mechanism in an unfamiliar record 
changer? 

2. How would you make a visual inspection of a changer to locate trouble? 
3. What can you check with a test record? 
4. What is the purpose of a stroboscope card? 
5. Name some causes of rumble and wow. 
6. How would you free a jammed mechanism? 
7. How can you level a record changer? 
8. What parts of a changer should be lubricated? 
9. How do you remove burrs? 
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Magnetic Tape Recorders 

Introduction. Although magnetic tape recorders are not of the automatic-
change I\ pe, their use has become sufficiently widespread to warrant con-

sideration. On the whole, they will be found easier to repair than record 
changers. 

Magnetic tape recorders are designed to operate for periods up to and over 
one hour without changing spools of tape so that the need for automatic 
changing devices is not present. The principle parts of a typical tape recorder 
are shown in Fig. 1. 

SUPPLY REEL 

TAKEUP REEL 

Weer iC NEAOS 
PLArBACg RECOSO ERASE 

cai,srAN TAPE 

STUD 
ROLLER 

TAPE PRESSURE PAD 

Fig. 1. A typical tape recorder showing principal parts. The tape is moving from right to left 

The long, flat tape is wound on a reel. During the process of recording or 
playback the tape is wound off this supply reel and onto an identical takeup 
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reel. Between the two reels is a drive mechanism used to move the tape at 
a constant speed. The drive is called the capstan, and the tape is squeezed 

between it and a roller. The mechanism is similar to a rim-drive mechanism. 
The capstan drives the tape past one to three magnetic heads used for 
erase, record, or playback. The capstan and head are usually enclosed for 
protection against dust or physical damage. A drive mechanism must be 
used to turn the takcup reel so it will wind up the moving tape. Most home 
tape recorders record on only one-half of the tape so that when the reel is 

run through, it can be turned over and the other half used. The two tracks 
are side by side. This is called dual-track recording. 

TAPE 

\`(.-1I/Nit't•s/k/ _ 

'ARROWS SHOW RANDOM 
MAGNETIZATION BEFORE 
RECORDING 

(A) RECORD 

COIL 
IRON CORE 

FLUX FLOW 
CORRESPONDS 
TO A-F INPUT 

TO COIL TAPE 

MAGNETIC 
MATERIAL 

PL ASTIC 
BACKING 

// 
/ 

/ 
// 
// 

MAGNETIC FIELD SET UP 
REGULAR MAGNETIZATION BY TAPE MAGNETIZArioN 
AFTER RECORDING 

(B) PLAYBACK 

Fig. 2. Electrical variations are changed to magnetism by the coil when recording. The magnetism 

flows through the iron and tape, magnetizing the latter . The process is reversed when played back 

The direction of the arrows on the tape shows the polarity of the magnetization, and the number 

of arrows indicates the volume 

The chief advantage of a magnetic recording is that it may be replayed 
thousands of times with little wear, yet the tape may be magnetically erased 

and used over again. 
Tape may be stored indefinitely without ill effect and will not rust in 

damp climate. It may be stored in cardboard containers and will not be 
magnetically damaged if dropped. Because of its strength the tape can be 
operated at higher speed for rewinding and cueing. 
How Magnetic Recording Works. When recording, the audio signal is 

fed from an amplifier to a coil in the recording head. This coil is wound 
around a magnet with a very small air gap, as shown in Fig. 2. The changing 
current in the coil causes flux to flow around the magnetic circuit consisting 
of the magnet and air gap. Since the reluctance of air is very great, the flux 

will flow through a magnetic tape instead, providing the tape is placed 

close to the poles of the magnet. When demagnetized, the molecules of the 
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tape are arranged at random, as shown to the left of the gap. When exposed 

to a magnetizing force, the molecules will line up. It is the property of a 
magnetic material that as the magnetizing force is removed, the molecules 
will remain lined up and retain some of the magnetism. When the tape 
moves past the gap, that portion to the right of the gap is removed from the 
magnetizing force and retains the recording. 
The direction of the arrows shows the direction of the magnetizing force. 

The closer the arrows are together, the stronger is the force. In the unmag-
netized region of the tape the molecules are not lined up, and the arrows 
indicate this by their random direction. 

Playback is simply the reverse of this process. The changes in the tape 
magnetization change the reluctance of the magnetic circuit so that current 
is caused to flow in the coil. 

Construction of Tape. Tape consists of a strong plastic base about 1/4 

inch wide. On one side of this is applied an even layer of finely powdered 
crystalline magnetic particles. The base of the tape provides the strength 
and traction required to pull it through the drive mechanism. 

Recording Speed. For a particular length of tape, the slower the recording 
speed the longer the recording capacity. Tape speed is directly related to 

frequency response, so the penalty of slow recording speed is a lower high. 
frequency response. A tape speed of 71/4 inches per second can, with proper 
design of the head and amplifier compensation, provide a satisfactory re-
production up to about 15,000 cps. A tape speed of 3:Y4 inches per second will 
give 8,000 cps response. Since the quality of speaking is acceptable with 
4,000 cps response, a tape speed of 17/8 inches per second is also used. In 
high-quality professional recording work, such as transcriptions, tape speeds 

of 15 and 30 inches per second are used. For the sake of comparison the 
average groove speed of a 78-rpm record is about 29 inches per second. 

Biasing of Head. As the magnetizing force applied to a magnetic material 
increases, the magnetization of the material increases. This is not linear, 
however, since the powdered magnetic material tends to saturate at higher 
levels. This means that beyond a certain point further increases in the 
magnetizing force give very little more increase in magnetization of the 
tape. 

As the magnetizing force is reduced, the material retains some of the 
magnetism so that the tape still has some magnetization when the mag-
netizing force is brought down to zero. This effect is called hysteresis and 

would cause distortion in magnetic recording if not corrected. 
To obtain undistorted output in magnetic recording, high-frequency bias 
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is used to offset hysteresis. The bias frequency is usually several times the 

maximum audio frequency so that it cannot cause audible interference. 
The high-frequency bias and audio signal combine in a manner similar to 
modulating an r-f signal for radio transmission. 

The reason for the excellent results achieved with high-frequency bias is 
not fully understood, but here is a general idea of what goes on. As the tape 

leaves the gap in the recording head, demagnetization occurs. More demag-
netization takes place at the high frequencies than at the low frequencies 
so that the bias frequency disappears in the magnetic recording. This leaves 

the desired audio signal on the tape. With no audio signal, the tape is 
nearly completely demagnetized. As a result, the noise level is low. 

RECORD-PLAYBACK 

MAGNETIC TAPE GAP —ERASE GAP 

RECORD AND 
PLAYBACK COIL 

BIAS COIL 

RECORDING 
AMPLIFIER 

AUDIO SIGNAL 
SOURCE 

PLAYBACK 
AMPLIFIER 

SPEAKER 

R- F BIAS 
OSCILLATOR 

Fig. 3. A diagram of a combination head used for erasing, recording, and playback. Radio 

frequency is used for erasing and for recording bias 

Use of the proper level of bias gives low distortion. The correct value of 
bias is dependent upon the type of recording material and the speed. Bias is 

not used during playback. 

Construction of Heads. Separate heads are used for recording and for 
playback in more expensive professional-type equipment. In the more rea-
sonably priced tape recorders such as will be encountered by servicemen, 

however, a combination head generally serves both functions. An example 
using two coils wound on a common laminated core is shown in Fig. 3. One 
coil is used for both recording and playback and is wound on one leg of the 
core. 
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The erase coil is wound on another kg and supplied with erase current 
from a high-frequency oscillator. The same high-frequency source provides 
bias for recording, so a portion of the erase coil is wound on the same leg 

as the record-and-playback coil to accomplish this. The middle leg of 
the core is used as a common magnetic path. The erase gap is generally 

about ten times the length of the record-playback gap. 
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Fig. 4. A home tape recorder showing the tape-handling mechanism with the head and capstan 

housings removed. (Masco photo) 
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The record-playback gap determines the frequency response. As the gap 
size is increased, the lows increase and the highs decrease. A compromise is 
therefore chosen, making the gap one to two thousandths of an inch. 
The direction of travel of the tape is such that it is erased before record-

ing. This assures a clear tape with which to work. 
Tape Recorder. Figure 4 shows the face of a tape recorder with the head 

exposed. This unit is intended primarily for home entertainment purposes. It 
is a dual-track unit with a combination record-playback-erase head. The 
equipment will operate at either 33/4 or 7% inches per second tape speed. It 

has a fast forward speed feature that allows the user to proceed rapidly to a 
particular spot on the tape. It also has a rewind feature so that the tape may 
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be backed up. Construction is such that the tape cannot accidentally be 

erased or damaged. Provisions are made for recording from a record changer, 
radio, or microphone. The latter two are included in the unit illustrated. 
The audio amplifier is self-contained. Provisions are made for monitoring 
the recording and a glow-lamp level indicator is built in. A remote speaker 

may be plugged in. Seven-inch tape reels may be used giving 1 hour of 
recording at 71A inches per second or 2 hours at 3% inches per second. 
This requires reversing the tape at the mid-point. 
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Fg. 5A. The operating portions of the tape recorder. Tape routing when control A is set for 

RECORD-PLAYBACK. (Masco photo) 

Preparation for Use. A reel of tape must first be placed on the spindle 

marked SUPPLY REEL in such a manner that the reel unwinds counterclock-
wise. The tape must then be unwound so that about 2 feet extend from the 

reel. It is then dropped into the tape slot and run around the front of the 
tape-guide pin located at the right of the housing. 

The free end of the tape should next be inserted in a slot on the takeup 
reel which has been placed on the takeup-reel spindle. A few turns of tape 
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should be wound on the takeup reel by rotating it counterclockwise by hand. 
Caution should be taken to assure that the tape is not twisted along the 
exposed section. 

Figure 4 shows the face of the recorder with the tape loaded and the hous-

ings over the head and capstan removed. This is the tape position when 
loaded and with the two control levers in the OFF position. When the right-
hand control lever A is rotated to the RECORD-PLAYBACK position, the tape is 

moved to the position shown in Fig. 5A. 
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Fig. 58. The operating portions of the tape recorder. Back of panel. (Masco photo) 

The mechanism under the panel for moving the tape to the operating 
position is shown in Fig. 5B. When control A is rotated from OFF to RECORD-
PLAYBACK, the lever rotates the capstan ring in the correct direction to press 
the tape against the magnetic head. The tape then passes over the stud on 
the capstan assembly, between the spring-loaded roller and the capstan 
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and around the fixed tape-guide pin to the takeup reel. The spring-loaded 
roller maintains its tension by means of the hair spring attached to the pivot. 

Drive Mechanism. The tape recorder being used as an example has two 
four-pole motors. One is used to drive the supply reel or the tape capstan, 
and the other drives the takeup reel. Both drive mechanisms use an idler 
wheel in a manner similar to that used in a rim-drive record-changer drive 
mechanism. Two forward tape speeds are provided, 3% inches per second 
and 714, inches per second. 
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Fig. 6. The drive mechanism of a tape recorder. (Masco photo) 
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Normal Forward Speed. When the tape-recorder controls are set for 

operation at the forward tape speed of 3% inches per second, the tape capstan 
and the takeup reel are rotated by the motor mechanisms. To drive the 
takeup reel, the normal idler, shown in Fig. 6, engages both the takeup-
motor shaft and the takcup reel. The supply reel rotates due to the pull 
of the tape. 
The takeup-motor shaft has two diameters. For 3% inches per second the 
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normal idler contacts the smaller diameter on the shaft. The brake pad, 
provided to keep the tape taut during rewind, is retracted during play so 

the takeup reel is free to rotate. 
During play the capstan idler wheel is in a position where it contacts both 

the drive-motor shaft and the capstan. The speed pushbutton is in the 

depressed position so that the spring-floated motor subchassis is depressed 
and the smaller diameter on the drive-motor shaft is opposite the capstan 

idler wheel. 
For a tape speed of 7% inches per second, the speed pushbutton is left 

in the up position. The drive-motor shaft is therefore up, and the large 

diameter contacts the capstan idler wheel. 
In both cases a brake with light spring action is held against the supply 

reel to keep the tape taut. 
Fast Forward Speed. When the operating controls are set for FAST FOR-

WARD, the normal idler is disengaged from the takeup-motor shaft. Control 
C causes the fast idler to be moved in so that it engages the takeup reel and 
the larger diameter of the takeup-motor shaft. The tape capstan and supply 

reel operate as in the case for normal forward speed. 
Control A is in the OFF position so that the tape is not in contact with 

the tape capstan. The takeup reel therefore provides the tape drive even 

though the capstan is rotating. 
Rewind Action. After the tape has been entirely wound on the takeup 

reel, it may be desirable to rewind it for playing or rerecording. For this 
the controls allow the tape capstan and takeup reel to run freely, while the 

supply reel is driven by the motor. Only light brake action is applied to the 
takeup reel to prevent it from whipping. The capstan idler wheel has been 
moved so that it contacts the drive-motor shaft and the supply reel. The 

tape is hence wound back on the supply reel. 

Position of Mechanism in OFF Position. When the controls are set to 
OFF positions, the normal idler is engaged and both the supply and takeup 
reels are completely disengaged and braked. The controls move levers or 
studs that press against the brake pads and brake springs to achieve the 

desired heavy braking action. 
Amplifier. The audio amplifier used in a tape recorder is essentially con-

ventional. Some models include a radio tuner. Provision is often made to 

allow use of an external amplifier or an external speaker if desired. Radio, 
phono, or microphone input may be used. A typical frequency response for 
a home unit is from 80 to 8,500 cps at a tape speed of 71/2 inches per second 



266 Repairing Record Changers 

and 80 to 5,000 cps at 3% inches per second. Some manufacturers have ap-
proached a response of about twice this range. The speaker or a plug-in 
headset may be used to monitor when recording. 

Magnetic Head. The magnetic head of a tape recorder generally has one 
portion for erasing and the other for recording and playback. A 52.5-kc signal 

is used for both purposes in one particular recorder. The erase head is 
energized in the recording position to automatically clear the tape in the 
event it was previously used. 

Wire Recorders. For a time wire recorders were as popular as tape, but the 
quantities made were small. The advantages of tape over wire have obsoleted 

the latter. It is possible that an occasional service call may be required on 

wire recorders. The principle is the same. With home wire recorders, the 
wire drive is usually applied to the takeup reel. To prevent pile-up of wire, 

a level-wind guide is used to move the wire up and down over the takeup 
s-pool as it winds. 
Maintenance of Tape Recorders. Tape recorders are in many respects 

simpler than disc record changers. The mechanical features are mostly con-
cerned with the drive mechanism, and these are lubricated and serviced 
essentially the same as record changers. 

Replacing the Magnetic Head. The magnetic head of a tape recorder 

is changed in much the same manner as a record-changer cartridge is changed. 
It is customary to use a hood to cover the head so as to shield it from stray 
fields and to protect it against damage. One or more accessible machine 
screws will hold it in place, and removal of these screws allows the hood to 

be lifted from place. The magnetic head can then be removed. It is held 
in place either by a screw or two, or it is of a plug-in variety. By inspecting 
the head, it can be determined where the screws are located. The mounting 

plate may be adjustable. Do not move the adjustment screws or it may re-
quire more work when testing. If there are several, it is likely that the larger 

ones will hold the head in place and the others are used for assembly. 
Careful scrutiny will help to confirm this. 
Where the magnetic head is held by machine screws, it is likely that the 

leads will have to be unsoldered. Careful attention must be given to the 
color coding so that the replacement is properly connected. 

Plug-in units are becoming popular as would be expected. Here the 
electrical connections and support are both made through the pins which 
plug into corresponding sockets. Steady pressure should be used in removing 

or inserting a head. The head should be pulled straight out when removing 
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so as to avoid breaking the pins. It is always a good policy not to force any 
item. If moderate force does not move it, it is likely that it is held captive, 
and an inspection should be made to locate the guilty screw or pin. 

Cleaning the Magnetic Head. Dirt, gum, and other foreign material are 
likely to accumulate in the gap of the head. Carbon tetrachloride should 
be used to clean it and can be applied by means of a rag or a cotton swab 
wrapped on the end of a stick. Under no circumstances should a metallic 
object be used. 

It will be found that the capstan in a tape recorder will also become dirty 
with use and therefore must be cleaned. If the capstan has a rubber tire, 
clean with alcohol. 
Johansson Effect. Johansson Blocks are precise metal blocks used by 

machinists to calibrate gages. The surfaces are so smooth and accurate that 
if one is placed on another they will stick. 

After considerable use the magnetic heads are likely to get polished by 
the tape so that the two stick together. This has been called the Johansson 
Effect. In early stages it may cause a squeal. Later it may stall the tape 
recorder or break the tape. Cleaning the head only makes it worse. Rubbing 
the head with crocus cloth will actually roughen it sufficiently to correct it. 
Then clean it with carbon tetrachloride. Some high-quality tapes are de-

signed to minimize this effect. 
Use of Test Tape. Several test tapes are available to check the recorder's 

operation and aid in correction. Audio Devices has a test tape designed for 
alignment of the heads and usable at either 714 or 15 inches per second. 
Dubbings has two test tapes for these speeds but includes information to 
allow checking of head alignment, maximum recording level, tape speed, 
wow and flutter, frequency response, and signal-to-noise ratio. 
A test tape should be recorded on a material which does not stretch. To 

use it, a vacuum-tube voltmeter, or equivalent, is required. The meter must 
be accurate up to the maximum audio frequency used. 
Wow and Flutter. Wow and flutter are variations in sound. If the waver-

ing is low in frequency, it is called wow, while a high-frequency wavering 

is called flutter. 
To check wow and flutter, a constant-frequency recorded signal is re-

quired. When this is played back, it should not change pitch. The ear can 
generally detect a change in pitch of 1/4 per cent. A good-quality machine 
is better than this. It is possible to introduce wow by touching the supply 
reel during operation. If the equipment has very little wow, a light touch of 
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the hand should increase the wow considerably. If wow is detected with the 
tape running free and does not increase when the supply reel is touched 

lightly, the wow is excessive. 
If a test tape is not available, an audio tone from a signal generator may 

be recorded on the equipment and played back. A steady frequency of about 

3,000 cps is suitable. Since the stability of the signal generator and the type 
of tape will affect the results, this should be considered a stop-gap procedure. 
Wow and flutter are due to uneven tape speed and will be caused by the 

rotating portions of the tape drive. Eccentric or worn idlers and capstan, 
defective motor, and warped reel are possible sources of trouble. To correct 
these, replacement is likely to be required. Slipping due to oily surfaces or 

weak spring tension arc other possible causes. 
Frequency Response. To test the frequency response, a test tape in-

cludes a series of tones covering the frequency spectrum. Dubbings' tapes 

cover 30-7,500 cps and 30-15,000 cps for 71/2- and 15-inch per second 
speeds, respectively. Each frequency step lasts several seconds and all are 
recorded at the same level. By measuring the output at the speaker by use 
of a vacuum-tube voltmeter, the readings indicate the frequency response. 

In addition to the effect of the amplifier response poor low-frequency 
response may be caused by low bias. High bias may give poor high-frequency 
response. If the head is worn, or if the tape does not make good contact with 
the head, the high-frequency response will deteriorate. In the former case, 
replacement of the head is necessary. In the latter case, the tape pressure 
pad may not keep the tape against the head, or the head needs cleaning. 

The specifications for the recorder will indicate the frequency response. 
Signal-to-noise Ratio. The signal-to-noise ratio may be determined by 

finding the signal level at which the signal and noise are equal. The Dub-
bings' tapes have a series of 400-cps tones that are recorded at different 

levels. Each level is 5 db below the previous one. When the vacuum-tube 
voltmeter, connected across the speaker, shows the tone and the unrecorded 
portion to be equal in output, the announced level is the measure of the 
per. formance. The lowest recorded level is 50 db below normal recording 
level. If the 400-cps note is stronger than the noise at this level, the per-
formance is excellent. A home recorder will have a signal-to-noise ratio of 
40-45 db at 71/4 inches per second. The ratio will be about 5 db lower at a 

speed of ”/4 inches per second. 
Head Alignment. For proper operation the record head and the play-

back head must have the sanie relationship to the tape. In _order that a 

tape may be played on more than one machine, this requires that the gap 
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be set at 90 degrees to the edge of the tape. An alignment error of % 

degree will cut the output by one-half. To check azimuth alignment, it is 
desired to use as high a frequency as is convenient. At 71A inches per 
second tape speed Audio Devices uses 71/4 kc, and Dubbings uses 5 kc. 
The technique of adjusting the head is to set it for maximum signal by 

adjusting the head mounting screws. To check the setting, a nonmetallic 

object may be used to tilt the tape with respect to the head. A plastic align-
ment tool can be used for this. Touch the top of the tape adjacent to the 
playback or combination head lightly. Repeat, touching the bottom of the 

tape. This causes the tape to run at a slight angle down or up. Maximum 
signal should be obtained when the tape is running naturally, and the signal 
level should drop when the tape is guided up and down. 

Also make sure that the tape is touching both sides of the gap. This can 
be done by visual inspection or pressing the tape with the finger on either 

side. A variation in level indicates incorrect horizontal alignment. Make 
sure there is no difference in tone obtained by the latter method as this 
indicates that the tape speed is being changed and the test results may 

be erroneous. 
If the equipment has a separate record head, record a tone of the same 

frequency on a piece of scrap tape. Play it back, tilting the tape up and down 
with the plastic alignment tool. If the recording head is properly aligned, 

maximum output will be obtained when the tape is running free. 
It is likely that a tape guide will be used just before the tape reaches the 

heads. It is then easiest to tilt the tape where it comes off the head. In 
order to do this, it is necessary to remove any housing over or near the 
heads. Be sure that the tape pressure-pad tension is not removed when 
this is done as the output will drop and the frequency response may change. 
If the tape pad tension is removed, it will be necessary to hold the tape 
pressure pad against the heads lightly. Never touch the tape with a mag-

netic material as it will tend either to erase the tape or make it noisy. An 
alignment tape should not be subjected to high-speed rewind. 

Recording Level. 'f he Dubbings' tapes give two recording-level signals, 

one at maximum recording level and one 10 db below this, corresponding 
to normal level. The volume control settings for either maximum or normal 
setting can be determined by the following procedure. Play the test tape 

at a normal volume, and note the volume setting. Use another tape, and 
record a 400-cps tone using the presumably proper level as shown by the 
meter or glow lamp. Now play this last tape back with the volume control 
set to the level previously noted. The volume should again be normal. If 
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too high in level, try again using a lower recording level. If too low a level, 

repeat using a higher recording level. Note the proper recording level. 
By using this method for both maximum and normal levels as recorded 

on the test tape, the proper maximum and normal recording levels can 
be determined. Thus the meter or glow lamp can be properly interpreted 
for future use. 

Tape Speed. Tape speed can be checked by use of time beeps recorded 

at fixed intervals on a machine that is known to run at exact speed. By 

timing these when played back, the speed of the tape mechanism is readily 
determined. If the playback takes longer than it should, the recorder 
being tested is running slow and vice versa. 

Demagnetization. If any of the heads become magnetized, they will de-

teriorate the performance of the recorder. The tape will be partly erased 
or become noisy. Such heads must be demagnetized. To prevent possible 

damage to the test tape, all recorders being tested should be demagnetized 

before checking. Audio Devices markets a head demagnetizer especially 
for this purpose. It is an a-c magnet with two long pole pieces bent at the 
end so that they may be placed adjacent to the head. To prepare for use, 
it is necessary to cover the demagnetizer pole tips with Scotch tape to 

prevent scratching the head. Then plug the cord into the a-c line. Place 
the tips of the demagnetizer against the head and move over the entire 

surface of the head for about 1 second. Then slowly move the demagnet-
izer away from the head. Disconnect the power cord. 

Do not check a magnetic head by measuring the resistance, as this will 
magnetize it. If inadvertently done, demagnetize it as just explained. 

Noisy Recording. In addition to noise due to magnetization of the heads 
other precautions are necessary. Some manufacturers recommend erasing a 

new tape completely before recording even though the tape is erased again 
just before the recording-head action. When a tape has been stored for 
several months without being used, it is recommended that it be rewound 
before use. 

Noise may be due to a faulty bias shape. The bias signal must be sinu-

soidal and can be viewed by connecting a cathode-ray oscilloscope across 

the resistor in the erase-head circuit. Since such difficulty is likely to be 
the oscillator tube, try replacing it first when you have noisy operation. 

Defective filter capacitors are also likely to give excess noise. If the normal 
signal-to-noise ratio is about 35 db, the noise will be very apparent with 
such a trouble. 
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Lubrication. General lubrication instructions apply. Lubriplate, STA-

PUT, or equivalent should be used on worm and other gear assemblies. 
Pulleys, idlers, and other rotating bearing surfaces should be lubricated with 
SAE lOW grade oil. Oil or grease should be removed from rubber surfaces 
by the use of alcohol. Some units use oilless bearings and do not require 
lubrication. Where doubt exists, the manufacturer's instructions should be 

consulted. 

QUESTIONS 

1. How is sound recorded on tape? 
2. What are the common recording speeds of tape recorders? 
3. What is the purpose of biasing of a head? 
4. Name three functions of magnetic heads. 
5. What type of drive mechanism is used in a tape recorder? 
6. How do you clean a magnetic head? 
7. What can you check with a test tape? 



Index 

Album of records, 13 
Alignment of magnetic 

head, 268 
Amplifier, 229 

bass boost, 237 
compensation, 19, 232-

239 
connection to, 240 
cost of, 231 
expander, 21, 239 
finger test, 75 
muting, 201-203 
negative feedback, 229 
preamplifier, 231, 236 
purpose of, 21 
for tape, 265 
in test bench, 44 
testing of, 75 

frequency response, 268 
signal-to-noise ratio, 

268 
volume control, 237 

Axle, 28-30 

Backlash in gear, 31, 101 
Bass boost, 237 
Bearings, alignment, 98 

chatter, 98 
motor, 95 

Belt drive, 24, 32, 105 
defects, 110 
lubrication, 110 

Bench, rack, 44 
work, 4, 41 

Bending, correction of, 255 
Bias, recording-head, 259, 

266, 270 
Binding, 249-251 

due to burrs, 255 
repairing of, 50 
of slicer drop, 145, 148, 

149 
of trip, 136 

Braking pad, governor, 90, 
101 

Burrs, 255 
Buzz, lamination, 98 

Cable, adapters, 45 
storage of, 42 
testing of, 75 

Cam, 33 
(See also Cycling cam) 

Capstan, 263-265 
Carbon tetrachloride, 252 

precautions, 252 
Cartridge (see Pickup car-

tridge) 
Chain drive, 33, 123 
Change cycle, 24 

(See also Cycling) 
Chatter, bearings, 98 
Cleaning, 252 

(See also Lubrication) 
Clutch, in combination trip, 

121 
description of, 34-36 

273 

Clutch, in eccentric trip, 
114, 118-122 

in 45-rpm changer, 220-
222, 225 

gravity, 113 
mutilated, 112, 221 
in position trip, 114-117, 

121 
in velocity trip, 114, 124-

132 
Clutch weight, 125-128, 

132 
Cobra pickup, 63 
Coil, 94, 98 
Combination trip, 121 
Compensation, 19, 232-

239 
Compromise needle, 70 
Connector, 45 
Constant-amplitude record-

ing, 18 
Constant-velocity recording, 

18 
Continuous cycling, in ec-

centric trip, 122 
in position trip, 122 
in velocity trip, 132 

Control knob, 11 
(See also Trip mecha-

nism) 
Counterbalance of pickup 

arm, 71, 87 
Couplings, motor shaft, 100 
Crank, 30 
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Crank (see also Wheel and 
axle) 

Crossover point, 18 
(See also Compensation) 

Crystal pickup, 58-60, 76, 
78 

Customer, information 
from, 4 

relations, 2 
Cutting records, 72 
Cycling, of combination 

type, 172-175 
defects, 182 
indexing adjustment, 

181 
intermix, 176 
lift trouble, 180 
lubrication, 183 
rest position, 175 

of 45-rpm changer, 222-
225 

of independent type, in-
dexing, 183-185 

indexing cam type, 
188-192 

indexing defects, 186-
188, 193, 201 

indexing slide type, 
194-200 

intermix, 190-196 
lift, 185, 199, 201 
lubrication, 188, 190, 

201 
isolation of defect, 245 
slide, 129, 154 
spindle drop,178 
types, 172 
(See also Continuous cy-

cling 
Cycling cam, 33, 34, 37, 

113, 125 
action, 174 
in 45-rpm changer, 221-

225 
in pusher drop, 151-155 
in slicer drop, 140-143 
in spindle drop, 161-164 

Decibel, definition of, 19 
table of, 20 

Defect, in cycling, combina-
tion, 180, 182 

independent, 186-188, 
193, 201 

in drive, 108, 110 

Defect, in dropping, 
pusher type, 155-159 

slicer type, 145-150 
spindle type, 165-168 

of glide-in, 251 
of hum, 75, 76, 79 
in idler wheel, 108 
of improper tracking, 251 
information from cus-

tomer, 4 
isolation of, 245 
in lift, 180, 185, 201 
in motor, 91, 97, 98 
in needles, 80-86 
in pickup, 74-80 
in pickup arm, 86 
in records, 134, 168, 251 
rubber deterioration, 51 
in shutoff, selector-post 

type, 209 
sliding-spindle type, 

206 
spindle-stabilizer type, 

214 
stabilizer-arm type, 213 

in trip, 134 
eccentric type, 122 
position type, 122 
velocity type, 131 

in turntable, 109 
(See also Binding; Noise; 

Wow) 
Demagnetization of head, 

270 
Diamond needle, 68 
Direct drive, 23, 100 
Disassembly of mechanism, 

254 
Drive gear, mutilated, 112 

operation of, Ill 
over-and-under type, 113 
of turntable, 100, 108 

Drive mechanism, by belt, 
24, 32, 105, 110 

by chain, 33 
direct, 23, 100 
idler wheel, 31-33 
of rim, 23, 101-104, 108-

110 
of tape, 264 

Drive wheel, 23, 101 
Dropping, isolation of de-

fect, 245 
in pusher type, 150-155 

adjustment, 157 
defects, 155-159 

Dropping, in slicer type, 
138-144 

defects, 145-150 
in spindle drop, 159-165 

adjustment, 167 
of 45-rpm, 168, 218-

220 
defects, 165-168 
45-rpm, 163, 218-220 

types of, 138 
Dual-play pickup, 65 
Dual-speed drive, 102, 104 

Eccentric trip, 114, 118-122 
defects, 122 
part of combination trip, 

121 
Electrical circuit, of 

changer, 97 
motor, 92-94 
with solenoid, 123 

End play in motor gear, 31, 
101 

Endorsement of product, 4 
Erase head, 266 
Expander, 21, 239 
Exploded view, 54-55 

Fan for motor, 96 
50-cycle operation of motor, 

102 
Files, metal, 50 
Finger test of amplifier, 75 
Fletcher-Munson curves, 

238 
Flutter, 267 

(See also Wow) 
Follower, worm, 120, 188 
45-rpm changer, adjustment 

of, 227 
drive for, 220-222 
dropping in, 218-220 
features of, 218 
indexing of, 222-228 
interchangeable spindle, 

228 
lubrication of, 228 
records for, 217 
repair of, 226-228 
trip in, 220-222, 225 

Frequency, octave, 19 
of record, 15 
response, of crystal, 58 

of tape, 268 
testing, 268 
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Friction, connection, 124-
132 

description, 37 
disc, 90 
pickup arm, 86-88 

Fulcrum, 25-27 
Fuses, blowing, 99 

Gear, 30 
backlash, 31, 101 
mechanical advantage, 31 
speed, 31 

Gear drive, 100, 108 
Gear segment, 30, 143 
Glide-in, 251 

(See also Indexing) 
Governor, 90, 101 
Gravity, 38 

in clutch, 113 
Groves, 15-17 

cutting of, 72 
pinch effect, 73 

Ground, 76, 79 

I Jammer, 49 
Hinge, pickup arm, 27, 71, 

88, 181, 186 
Horn, 7, 57 
Hub gear, Ill 

(See also Turntable) 
Hum, 75, 76, 79 

Idler pulley, 103 
Idler wheel, 31-33, 101 

defects, 108 
indentation in, 109 

Inclined plane, 39 
Indexing ( set-down), of 

combination cycling, 
172-175, 178-180 

adjustment, 181 
defects, 182 
intermix, 176 

definition of, 170 
of 45-rpm changer, 222-

228 
glide-in, 251 
improper tracking, 251 
of independent type, 183, 

188, 222-225 
adjustment, 189 

isolation of defect, 245 
point of, 15 
requirements, 171 
(See also Cycling) 

Insertion loss, 237 

Intermix, 13 
in combination drop, 

176-178 
in independent drop, 

190-196 
in slider type, 143 

Isolation, by springs, 255 
of trouble, 244 

Jamming, 249-251 
Jeweled needle, 68 
Johansson effect, 267 

Laminations, buzz, 98 
of rotor, 92, 97 

Lead-in groove, 15 
Leads, 45, 75 
Lever, 25-27 
Lift arm, 161 
Lift rod, 34, 71, 88 

(See also Cycling) 
Lifter plunger, 144 
Lifter shoe, 144 
Link, 27-28 
Lock-out ear, 180 
Long-play needle, 69 
Long-play record, 72, 74 
Loudness, Fletcher-Munson 

curves, 238 
of record, 15, 17 

Loudspeaker, purpose of, 21 
LP needle, 69 
LP record, 72, 74 
Lubricants, 51 
Lubrication, 51, 252 

of belt drive, 110 
of cycling, 183, 188, 190, 

201 
of 45-rpm changer, 228 
of gear drive, 108 
of motor, 98 
published information, 53 
of pusher drop, 159 
of rim drive, 110 
of shutoff, 207, 211, 214, 

216 
of slicer drop, 150 
of spindle drop, 168 
of tape recorder, 270 
of trip, 137 

Magnetic bridge, 93, 94, 98 
Magnetic head, 266 

alignment, 268 
bias, 259, 266, 270 
cleaning, 267 

Magnetic head, construc-
tion, 260 

erase, 266 
replacement, 266 
resistance, 270 

Manual trip of position type, 
117 

(See also Trip mecha-
nism) 

Manufacturers' information, 
52-56 

Mechanical advantage, 25 
of gear, 31 
of lever, 27 
of wheel, 31 
of wheel and axle, 30 

Mechanical motions, 24 
Mechanical pickup, 57, 74 
Metal, bending, 255 
Microgroove needle, 69 
Microgroove record, 72, 74 
Moment, 26 
Motor, bearings, 95 

alignment, 98 
buzz in, 98 
chatter, 98 
drive (see Drive mecha-

nism) 
electric, 92 

for changer, 23 
construction of, 92, 94 
qualities, 92 
starting of, 93 
torque, 93 

fan for, 96 
50-cycle operation, 102 
governor, 90, 101 
lamination buzz, 98 
magnetic bridge, 93, 94, 

98 
mounting, 96 
rotation of, 93 
rotor, 92, 97 
shaded-pole induction, 93 
shading coil, 93 
shock mounting, 96 
speed, 93, 98 
spring-wound, 23, 90 

defects, 91, 97 
stalling, 96, 98, 109 
stator, 92, 94, 98 

Mutilated clutch, 34-36, 
112, 221 

Muting, 201-203 

Needle, 65 
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Needle, care of, 70 
chromium, 67 
compromise, 70 
diamond, 68 
jeweled, 68 
LP, 69 
microgroove, 69 
osmium, 68 
pressure, 20, 86, 88, 248 
replacement, 80-86 
ruby, 68 
sapphire, 68 
shape, 20 
size, 69, 81 
steel, 66 
talk, 67, 68 
variable-shank, 67 
wear, 66, 69 

Negative feedback, 229 
Noise, 268, 270 

of records, 18 

Octave, definition of, 19 
Oscillator, 10 

for pickup, 63 
Osmium needle, 68 

Parts, 53 
Peen, 49 
Pickup arm, 11, 70 

counterbalance, 71, 87 
cycling, of combination 

type, 172-183 
of 45-rpm, 222-225 
of independent type, 

183, 201 
types of, 172 

handling in transit, 89 
hinge, 27, 71, 88, 181, 

186 
lift rod, 34, 71, 88 
operation of, 12, 171 
repair, 86 
shutoff by, 204 

Pickup-arm lever, 116 
Pickup cartridge, character-

istics, 77 
Cobra, 63 
crystal, 58-60, 76, 78 
defects, 74 
distortion, 74 
dual-play, 65 
mechanical, 57, 74 
PN, 60 
removing from record, 12, 

171 

• Pickup cartridge, replace-
ment, 78 

variable-reluctance, 60-
62, 77, 83 

variable-resistance, 64, 76, 
79 

Pickup crank, 188 
Pinch effect, 73 
Pitch of record, 16 
Plane, inclined, 39 
Pliers, 48 
PN pickup, 60 
Position trip, 114-116 

defects, 122 
in 45-rpm changer, 220-

222, 225 
limitations, 117 
manual, 117 
part of combination trip, 

121 
Positive trip, 119 
Preamplifier, 231, 236 
Pressure, needle, 20, 86, 88, 

248 
Product endorsement, 4 
Publications, 52, 56 
Punches, 50 
Purchasing of parts, 53 
Push plate, 155 
Pusher shaft, 161 
Pusher-type drop, action, 

150-155 
adjustment, 157 
lubrication, 159 
record size adjustment, 

153 
servicing, 155-158 
shelf alignment, 157 

Rack, bench-type, 44 
ceiling suspension, 42 

Radio, connection to, 241-
243 

Ratchet, description, 36 
(See also Eccentric trip) 

Ratchet wheel, 225, 227 
Record, for automatic play, 

13 
cleaning, 89 
compensation of, 19, 20, 

233-235 
crossover, 18 
cutting of, 72 
defects, 134, 251 

dropping, 168 
pusher drop, 155 

Record, defects, slicer drop, 
145, 147 

description of, 13-20, 72, 
217 

early mechanical, 7 
electronic, 9, 72 
finishing groove, 16 
45-rpm, 217 
frequency of, 15, 17 
hill and dale, 16 
lateral, 16 
loudness, 15, 17 
for manual play, 13 
material, 74 
microgroove, 72, 74 
noise, 18 
pinch effect, 73 
pitch of, 16 
playing grooves, 15 
playing size, 16 
recording characteristics, 

18, 19, 233-239 
servicing, 88 
size of, 74, 157 
size adjustment for, 138, 

153 
squeal, 169 
starting groove, 15 
static, 89 
test, 51, 108, 247 
types of, 10 

Record albums, 13 
Record player, automatic, 

10, 23 
electronic, 9 
mechanical, 7 
wireless, 10 

Record stabilizer, 159 
Recording, constant-ampli-

tude, 18 
constant-velocity, 18 
electronic, 9, 72 
head, 266-270 
level, 269 
mechanical, 7 
tape, 2, 261-264 
wire, 2, 266 

Reject, 117 
Reject control, 13 
Rider's Manuals, 56 
Rim drive, 23, 101 

defects, 108 
dual-speed, 102, 104 
lubrication, 110 
three-speed, 103 

Rocker arm, 28 



Rocker arm, (see also 
Pusher-type drop) 

Rotation, of motor, 93 
of turntable, 23 

Ruby needle, 68 
Rumble, 248 

(See also Wow) 

Sams Photofact Folders, 54 
Sapphire needle, 68 
Scale, pressure, 87 
Screw action, 39 
Screwdriver, 46 
Segment of gear, 30, 143 
Selector arms, 138 
Selector gear, 29 

(See also Slicer-type 
drop) 

Selector lever collar, 152 
Selector post, 139 
Selector post shutoff, 208-

211 
Selector shelf, 139 
Set-down (see Indexing) 
Shading coil, 93 
Shape of needle, 20 
Shield, 46, 76 
Shock, electric, 98 

isolation from, 255 
mounting of motor, 96 

Shutoff, operator procedure, 
171 

by pickup arm, 204 
selector post, 208-211 
sliding spindle, 205-207 
spindle-stabilizer, 214-

216 
stabilizer arm, 211-214 
types, 204 

Signal-to-noise ratio, 268 
Size, of needle, 69, 81 

of record, 74, 157 
Slicer-type drop, defects, 

145-150 
intermix, 143 
jamming of, 145 
lubrication, 150 
two-shelf, 138-142 
three-shelf, 142 

Sliding spindle, shutoff, 
205-207 

Soldering gun, 51 
Solenoid in trip, 114, 123, 

127, 133 
Sound box, 7, 57 
Speed, of gears, 31 

Speed, of motor, 93, 98 
of tape, 259, 270 
of turntable, 100, 107 

testing, 9, 107, 108, 
248 

of wheels, 31 
regulation of, 90, 101 

Spider for 45-rpm record, 
163, 228 

Spindle, activation of drop, 
162 

assembly of drop type, 
160 

bent, 148, 167 
eccentric type, 164 
for 45-rpm, 164, 228 
latch, 155 
in pusher drop, 151 
shutoff, 205-207 
spider, 163, 228 
stationary, Ill 

Spindle-stabilizer shutoff, 
214-216 

Spindle-type drop, action, 
159-165 

adjustment of, 167 
cycling of, 178 
defects in, 165-168 
eccentric spindle, 164 
in 45-rpm changer, 163, 

218-220 
lubrication, 168 

Spiral groove, 16 
Spring, 38, 134 

for isolation, 255 
in slicer drop, 149 
motor operation, 23, 90, 

97 
Sprocket, 123 
Squeal, record, 169 
Stabilizer arm, 159 
Stabilizer-arm shutoff, 211-

214 
Stalling, of motor, 96, 98, 

109 
of tape, 267 

Static, record, 89 
Stator, 92, 94, 98 
Stroboscope, 9, 107, 248 
Stylus, 7 

Talk, needle, 67, 68 
Tape, breaking, 267 

construction of, 259 
drive mechanism, 264 
recording, 2, 258-259 
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Tape, speed, 259, 270 
sticking, 267 
test, 51, 267-269 

Tape recorder, action, 261-
264 

amplifier, 265 
demagnetization of head, 

270 
frequency response, 268 
head for, 266-268, 270 
lubrication, 270 
noise, 270 
playing time, 257 
recording, 258, 269 
speed of, 259, 270 

Test leads, 45 
Test records, 51, 108, 247 
Test tape, 51, 267-269 
Testing, amplifier, 75 

cable, 75 
frequency response, 268 
needle pressure, 87 
signal-to-noise ratio, 268 
visual, 246 
for wow, 107 

Three-shelf slicer drop, 142 
(See also Slicer-type 

drop) 
Three-speed drive, 103 
Thump of idler wheel, 109 
Tone control, 237 
Tools, 46-51 
Tracking trouble, 251 

(See also Indexing) 
Trip, isolation of defect, 245 
Trip lever, 116 
Trip mechanism, clutch, 

112, 113, 221 
combination, 121 
eccentric, 114, 118-122 
45-rpm, 220-222, 225 
position, 114-116 
velocity, 114, 124-132 
(See also Clutch) 

Trip pawl, 119 
Trip shoe, 119 
Trip switch, 114, 123, 127, 

133 
Trouble, amount of, 1 

information from cus-
tomer, 4 

Turntable, 23 
belt drive, 105 
defects, 109 
direct-drive, 23, 100 
direction, 23 
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Turntable, double, 104 
drive gear, 100, 108 
dual-speed, 102, 104 
gear-drive, 100, 108 
hub gear, Ill 
rim-drive, 23, 101, 108 
speed of, 9, 100, 107, 248 
three-speed, 103 

Two-shelf slicer drop, 138-
142 

(See also Slicer-type 
drop) 

Variable-reluctance pickup, 
60-62, 77, 83 

Variable-resistance pickup, 
64, 76, 79 

Velocity trip, 114, 124-132 
Vise, 51 
Visual tests, 246 
Volume control, 237 
Volume expansion, 21, 239 

Warranty, 54 
Wear, needle, 66, 69 

record, 66, 67 
Wedge, 40 
Wheel, 30 
Wheel and axle, 28-30 

Wire recording, 2, 266 
Wireless record player, 10 
Wiring, 254 
Work bench, in home, 4 

lighting of, 45 
in shop, 41 

Worm gear, 101, 120, 188 
description, 39 
follower, 120, 188 

Wow, 248, 267 
from end play, 101 
testing for, 107 
from turntable defect, 

109 
Wrenches, 46-48 




