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Electronic Organ Handbook was written
for all who have an interest in organs
—whether they be owners or potential
owners of instruments, or technicians
who desire to learn how organs work

and how to maintain them.

The author, a graduate electrical
and mechanical engineer and a music
lover, became fascinated with electronic
organs after becoming the owner of one,
and has spent years studying their
intricacies. With a background in both
teaching and writing on technical sub-
jects, Mr. Anderson felt a strong desire
to prepare a book that would give
others the benefit of his knowledge and
experience on this modern instrument.
In his own words, “lt is my desire
that this book will serve to simplify
what has been considered by many to
be a highly complicated electronic
instrument.”  This desire has been
fulfilled through the use of numerous
block diagrams, schematics, drawings,
photographs, and simple, down-to-earth
explanations of many major brands of

electronic organs.
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It is essential that the English reader should read this chapter

There is a great deal more in this book that can be of interest
to the British reader than a casual glance through its pages might
lead one to suppose.

On the theoretical side, from a purely informative angle, the
clear and simple explanations of how an electronic organ works
will make fresh and fascinating reading for anyone who has not
previously studied the subject.

On the practical side, the information given is perhaps more
likely to be of value to British readers in an indirect than a direct
way. Of those who read it, many may never have the opportunity
to play — and fewer still have occasion to service — the actual
American models of electronic organ dealt with herein.

But there is a lot of information both in the introductory
chapter on “How Electronic Organs Work” and in the subsequent
detailed discussions of individual manufactured organs which
could come in surprisingly useful. Both amateur and professional
readers in this country may well find that the technical descrip-
tions, advice and practical servicing hints will be helpful in quite
unexpected ways which are rather outside the intentional scope
of the book.

As the author points out, an electronic organ is basically not
such a formidably complicated instrument as at first it may
appear to be.

A glance at the complete circuit of the electronic ‘‘works”
gives a first impression of rather bewildering complexity. But a
second look reveals the fact that the circuit is mainly composed
of small individual sections which are not only reassuringly
simple but are also of a basic design which is already familiar to
almost every radio enthusiast, amateur or professional.

Indeed, anyone who has built an ordinary signal generator — an
instrument in daily use the world over, by amateurs and skilled
servicemen alike, for servicing radio and television sets — will
immediately recognize the similarity between this and some of the
basic circuits in an electronic organ.

Amateur transmitting enthusiasts, too, will notice at once the
resemblance between the frequency-doubling stages of a transmitter
and the units which serve a similar purpose in dividing or doubling
the frequencies initiated by the master-oscillators in the tone-
generator units.




This book, as you can see at a glance by just flicking over the
pages, is mainly concerned with the various types of.manufa,ctu.red
or professionally-built electronic organs on sale in the Un}ted
States. Their design features, general construction, gpecmh'zed
components and servicing procedures are all discussed in def,all.

As the average British reader may not have the opportunity to
use, nor the need to service, these particular organs, one might
think that this part of the book can only be of academic interest.

As far as the direct practical application in its narrowest sense
is concerned, this may well be so. But if one takes a wider vi.ew .of
the subject it should be obvious that the mine of information in
this book can also be of practical help to the non-professional and
non-commercial designer or constructor of electronic instruments
in the musical field.

Home-built electronic organs, or other electronic musical instru-
ments, are obviously not within the intended scope of the present
volume. But it does show how the various problems of design and
construction have been tackled in different ways by professional
designers and organ-builders; and this can hardly fail to be of
help to any amateur who is tackling the same problems on a
smaller scale.

Some British radio technical journals, from time to time, have
published articles or series of articles dealing with electronic
organs for home constructors to build. Some of the more recent
designs incorporate fully transistorized circuits. '

A complete electronic organ of orthodox design, having a
number of “frills” over and above the essential fundamental
circuitry, is a pretty ambitious project for the amateur and
entails many, many hours of patient work to complete successfully.

Not everyone can tackle such an ambitious project; and not
everyone would want to! But as we have already seen, the elec-
tronic organ is composed of very simple basic units. A basic
master-oscillator can be made out of one suitable transistor, five
miniature fixed resistors, four small mica and other fixed capa-
citors, an ordinary standard transistor driver transformer, a
small pre-set potentiometer, and one or two other ‘“bits and
pieces” such as an offcut of paxolin for the baseboard and a few
pieces of connecting-wire.

The whole assembly forming this oscillator unit can be made
small enough to go into the palm of one’s hand; and the cost can
be in the region of a pound (or even much less, if one uses second-
hand or surplus components).

A single oscillator or tone-generator is of course quite useless by
itself as a musical instrument since it produces only one note!
And it is a far cry from this primitive beginning to the ambitious
collection of units found in a complete electronic organ — even of
the simplest type designed for amateur construction.

But the fact that one can tackle the project in easy, inexpensive
and — to some extent — independent stages gives it a big advantage
over many other large-scale constructional schemes which have
to be built “in one go.”

Moreover, there is great scope for many hours of absorbing
experimental work in trying out new ideas both in regard to the
basic circuits which can produce musical notes electronically, and
the various extra devices which can modify those generated tones
in many ways — for instance, to enable them to imitate the sound
of various orchestral instruments.

Where a transistorized circuit is used, a battery or unstabilized
mains unit is apt to be unsatisfactory, as changes in voltage can
cause frequency-drift and instability, giving tuning troubles and
impaired tone. A simple stabilized mains unit can comprise a
suitable mains transormer, a bridge rectifier a suitable transistor
(0C72), a Zener diode (such as the OAZ207), a fixed resistor, a
couple of high-capacity electrolytic capacitors of suitable working
voltage, and a fuse-bulb — plus, of course, the usual bits and pieces
such as terminals, connecting-wire and so on.

The transformer primary must of course be rated at your local
mains voltage (probably in the region of 230-240 volts AC — but
check this locally!), and the secondary can be around 12 volts for
application to the bridge rectifier. The final stabilized output can
be at 9 volts, assuming this to be the voltage required for the
transistors in the organ.

These, however, are only quoted as typical figures, and in
practice you must of course base your construction on the circuit
and specification given by the designer of any electronic organ
project you may select from the various plans that are published
from time to time.

Should the reader construct a home-built electronic organ (or
any allied instrument), the sections of this book which deal with
“trouble-shooting” may provide some useful hints on fault-finding
in this class of circuit. Despite the far more ambitious and elabo-
rate constructional design of the professionally-built electronic
organs, their basic similarity in certain respects to the amateur
versions inevitably means that they can suffer from similar faults




to some degree. Hence one can pick up some useful tips fFom the
servicing instructions relating to manufactured organs th‘ch may
in some cases be helpful in dealing with breakdowns mn their
“home-built cousins”! :

Since this book is of American origin, some of the technical
terms used in it are different from ours. For example, the v'vord
“tube” (vacuum tube) is used in all cases where British writers
would generally use the word “Va,lve.”. .

Finally, a word of caution about mains dlﬁerenceai;. Should you
have occasion to use any American apparatus designed for the
American standard voltage of 110-120 volts AC at 60 cycles per
second, bear in mind that it must be suitably adapted or conver'ted
before it can safely be plugged into our high-voltage mains which,
in most parts of Britain, are now standardized at around 230-240
volts AC at 50 cycles per second. ;

Great care is also necessary in regard to the colour-coding of
mains leads on any apparatus imported from abroad. Some coun-
tries use colour-codes which differ from the British standard. (Qf
Green for Earth, Red for Line and Black for Neutral) and it is
imperative to check both ends of mains leads on any appal:atus
which is not of British manufacture to make sure that there is no
danger of error in connecting up.

PREFACE

How many of you—whether service technician or prospective
owner—have shied away from electronic organs, believing them to
be complicated and costly musical instruments? Well, if you have,
you're in for a delightful surprise. The reason for the organ’s over-
whelming popularity as a home music instrument in recent years
is that anyone—even those with a “tin” ear—can learn to play a
simple tune in just a few minutes. In fact, you're likely to find
yourself sitting back and saying: “This can’t be me!”

Mechanically, the electronic organ looks complicated. In reality,
it isn’t. Looking inside one, a technician will recognize the same
resistors, capacitors, and tubes used in radio and TV receivers.
Should the profusion of components deter him, he need only re-
member that the organ—like most other electronic devices—is com-
posed of numerous circuits, some repeated over and over again. In
fact, with his electronic knowledge plus the background informa-
tion in this book, a competent technician should have little trouble
putting the voice back into any electronic organ.

Assuming you are such a competent technician, your first ques-
tion might be: “I can’t even read music, let alone know how to play
an organ.”

WEell, it isn’t really necessary . . . in fact, many technicians can’t
even play “Mary Had a Little Lamb”! But those who have learned
a tune or two, even if just a simple little ditty like this one, find
their customers are definitely more confident when they wind up
a servicing job by actually putting the organ through its paces.

You say you can’t read music? Have you ever hummed a tune?
Sang in a church choir? Chimed in with your contribution to
“Auld Lang Syne” at New Year’s> Then you have all the musical
background you need. Sit down in front of the organ. Comfortable?
Good! Run your fingers over the polished ivory and black keyboard.
“So many keys!” you say to yourself. Well, don’t fret about it. You
don’t have to worry about all of them right now. They are there
to satisty your own personal taste when you get to where you would
like to add more tone color to your renditions. This is when you
realize the organ is a creative musical instrument whose versatility
knows no bounds. Youw'll also realize it’s pretty hard to make an
organ sound bad, no matter how hard you try.

If it’s a chord organ, you’ll notice fifty or so small buttons, and
no foot pedals. Known as chord buttons, they do for you what it
takes four fingers and thumb of your left hand to do on a piano.
Here, however, you need only one finger. Each chord button blends
three or four notes in accompaniment with the melody played by




the right hand. For the right hand there is a simple device known
as the melody line note finder on the keyboard. It shows you which
note to touch with your right forefinger.

Organ music is much simpler to read than other kinds. Note
names are shown . . . all you have to do is match the note name
with the melody line note finder. By touching the melody note
name and the proper chord button at the same time, you have a
combination which can sound like the written music. After an
hour or so of practice, you'll be fascinated by your ability. (This is
no exaggeration!)

Just above the keyboard is a row of tone tablets, or drawbars. By
proper selection, you can imitate almost any musical instrument—
cello, English horn, tenor saxophone, mandolin, oboe, Hawaiian
guitar, and many others. Another control, by regulating the vibrato,
makes your organ boom forth like a church pipe organ. Your organ
sheet music shows the recommended settings for these tone tablets.
However, you may change them to suit your taste or mood. This is
why the electronic organ is called a creative instrument . . . it
allows you to create any instrument or combination of instruments
you desire. A foot pedal controls the volume (known as the ex-

pression).
Of course, every organ will vary slightly, depending on model
and brand. But basically they are pretty much alike . . . once you've

learned to play one, you can play them all. This similarity becomes
more evident in Chapter 1, which is an introduction to electronic
organs. Later chapters describe specific organs in great detail. Cir-
cuit descriptions, servicing hints, and suggested tuning methods ap-
pear in each chapter. In addition, there is a general chapter on
tuning electronic organs. A comprehensive glossary at the end of the
book lets you instantly find the meaning of an unfamiliar term.
Every technical book is the product of the combined efforts of
many. This one is no exception. Without the help of the following
manufacturers, it would not be in your hands today:

Baldwin Piano Company, Cincinnati, Ohio; G. C. Conn, Ltd.,
Elkhart, Indiana; Gulbransen Company, Melrose Park, Illinois;
Hammond Organ Company, Chicago, Illinois; Kinsman Manu-
facturing Company, Inc., Laconia, New Hampshire; Lowrey
Organ Company, Chicago, Illinois; Thomas Organ Company,
Sepulveda, California; Wurlitzer Company, De Kalb Illinois;
and Electro-Music Company, Pasadena, California.

If this book makes the organist or organ owner appreciate his
versatile instrument even more, or if it opens up new servicing vistas
for the technician, I consider its purpose to have been fulfilled.

August, 1960 H. EMERSON ANDERSON
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CHAPTER 1

HOW ELECTRONIC
ORGANS WORK

Up until just a few years ago, there were only pipe organs. Their
sounds (voices) depended on forcing air through pipes of various
lengths. The more extensive the sets of pipes, the greater the versa-
tility in pitch and tone.

Of course, a good pipe organ costs more than the average person
cares to spend for a musical instrument—the lower-priced models
ranging upward of $30,000. Fortunately, the miracles of electronics
have made it possible for fine organs to be developed in price
ranges within the reach of many family budgets. Instead of several
tiers of metal pipes, the electronic organ has speakers—and instead
of forced air, electronic circuits produce signals which ““drive” these
speakers. Furthermore, by using relatively inexpensive electronic
components, of specific values and in specific combinations, an
electronic organ can duplicate practically any tone or sound imag-
inable. For an understanding of how this is possible, a brief dis-
Cussion concerning the reproduction of sound is necessary.

7
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WHAT IS SOUND?

Every sound we hear is the result
of waves of air reaching the ear-
drum and setting up vibrations.
Sound waves travel through the air
in much the same manner as water
waves traverse a body of water. Con-
sider, for example, what happens
when a pebble is thrown into a

‘\\P
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Fig. 1-1. Pattern of waves formed when
a pebble is dropped into a body of
water.

pond. As seen in Fig. 1-1, a series
of ripples, or waves; emanate from
the point of impact, radiating out-
wardly in a circular pattern.

Sound waves follow this same pat-
tern of behavior. Any action which
results in the movement of air
causes it to “bunch up” in waves.
Thus, an analysis of a sound-wave
pattern would show areas contain-

Fig. 1-2. Sound waves are composed of
a series of air waves.

ing more than the normal air mass,
separated by areas containir}g less
than the normal amount of air. (See
Fig. 1-2.)
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We all know that sound has di_f-
ferentiation qualities—characterxs—
tics which distinguish, for example,
the difference in the “toot” of a
whistle from the ringing of a bell
or the beat of a drum. One of these
characteristics is volume (loudness
or softness), which depends on the
amount of air massed in each wave.
Another is frequency, or pitch,
which is governed by the number of
waves produced in a given peri.od.
Still a third quality is tone, or tim-
bre, which has to do with the com-
plexity of the waves. Suffice it to
say, at this point, that tonal quali-
ties are what make the differences
between the sounds of a piano and
a harp—even though the notes
played may be identical in both
pitch and volume.

Comparing a sound-wave pattern,
in its simplest form, to the ripples
in the surface of a body of water,
we find it has the appearance of the
wave pattern in Fig. 1-3. Many of

Fig. 1-3. A sine wave—the purest of all
waves.

you will recognize this as being a
sine wave—the purest and simplest
of all waves. In this instance we can
relate the topmost portions to
those parts of a sound wave having
the greatest air density, and the
lower portions to those having the
least density.

ELECTRONIC-ORGAN
FUNDAMENTALS
Generating sound by electronic
methods requires (1) the develop-
ment of an electrical wave, and (2)
a means by which its energy can be
used to produce audible sensations.

TONE BB

GENERATOR

WAVE - SHAPIN AUDIO
KEY CIRCUIT | AMPLIFIER

SPEAKER

Fig. 1-4. Block diagram of the signal path in an electronic
organ.

To generate sounds having specific
pitches and tones, the electrical
waves will have to be modified ac-
cordingly. Basically, this is what an
electronic organ does. As shown in
the block diagram of Fig. 14, an
electronic circuit (tone generator)
develops a basic electrical wave. (It
may be a sine wave, or a more com-
plex sawtooth or pulse wave.) This
signal is fed to a waveshaping net-
work designed to produce an elec-
trical wave which, when amplified
and applied to a speaker, produces
a sound having a specific pitch and
tone.

Of course, there’s more to an elec-
tronic organ than is shown in Fig.
1-4, but basically the complexity
centers around the use of several
tone-generator and waveshaping
circuits, and the numerous keying
circuits needed for all notes to be
produced by the instrument. To
understand more fully the require-
ments of the component parts in an
electronic organ, let’s discuss each
one in more detail.

Tone Generators

As mentioned previously, the tone
generators originate all the elec-
tronic signals. Since the organ is a
musical instrument, the resultant
sounds must be related to notes of
the musical scale; thus, the tone
generators must produce signals
having specific frequencies. Just to
produce the notes of one octave (A,
B, C, D, E F, and G), along with
the sharps and flats, the tone genera-
tors must produce 12 musically-
related frequencies. If the organ is
to encompass several octaves (usually

about six), a tone-generator signal
must be produced for each note in
each octave.

Many different tone generator ar-
rangements are used. In some, in-
dividual tone generators are em-
ployed for each tone on each gen-
erator. In others, a single tone gen-
erator will supply its tone to both
manuals. Sometimes, when a par-
ticular key is depressed, more than
one tone generator will sound. The
combined output of the generators
produce the desired effect. Many
times, a single tone-generator chas-
sis produces all the octavely-related
notes of an organ (all the A’s, for
example). In this manner, one tube
or transistor circuit generates the
highest or lowest frequency in the
range, and successive tube, transis-
tor, or neon lamp circuits halve or
double the preceding signal fre-
quency. _In Fig. 1-5, for example, the
originating circuit or stage develops
the highest A on the keyboard, the
following stage produces a signal
having half the frequency (also A,

IST 2N 3RD 4TH

D

o DIVIDER  DIVIDER  DIVIDER  DIVIDER
880
CcPs

8
P

Fig. 1-5. How a tone generator de-
velops octavely-related signals.

but an octave lower than the first),
the third stage again halves the fre-
quency to produce a lower-octave
A, and so forth. (For those with lit-
tle or no musical background, it
should be pointed out that this
mathematical relationship exists for

9
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all octavely-related notes. The same
notes in different octaves are even
multiples or submultiples of each
other; i.e., a note in the second oc-
tave produces twice the number of
sound vibrations or waves as the
same note in the first octave, and a
note in the third octave has twice
the frequency as the same note in
the second octave and four times
the frequency of the note in the
first octave.)

In speaking of frequency or pitch
in connection with organ music, a
carryover from pipe-organ termi-
nology enters the picture. This has
to do with pitch length, which re-
fers to the approximate physical
length of the pipes in the various
ranks. Organ sounds are thus de-
scribed according to voice (Clarinet,
Flute, Oboe, Salicional, Tibia, etc.)
and pitch length (16, &, 4, 2, etc.).
The type of voice describes the tonal
quality, or timbre, which will be
discussed in more detail a little later
in this chapter. The pitch length
refers to the octave, or frequency
range, of the notes.

Anyone who has ever seen a pipe
organ, or pictures of one, will recog-
nize the drawing in Fig. 1-6 as repre-
senting a rank of organ pipes. Each
pipe produces a note of the scale,
the longest producing the lowest
note, and the shortest, the highest
note. Use of several ranks of pipes
of varying sizes extends the pitch
range over several octaves. For ex-
ample, a rank in which the longest
pipe is 16 feet might provide the
lowest octave, another rank having a
length of 8 feet for the longest pipe
would provide the next highest oc-
tave, and a 4-foot length for the
longest pipe in still another rank
would provide the third highest oc-
tave.

In pipe organs, these sets of pipes
are referred to as 167, 8, and 4
ranks, the footage designations be-
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Fig. 1-6. A rank of organ pipes.

ing derived from the approximate
length of the longest pipe in each
rank. Notice that the mathematical
relationship between pipe lengths
for adjacent octaves conforms to the
requirements for octavely-related
notes. Anyone who has ever blown
across the mouth of an empty bot-
tle will immediately recognize the
relationship of pipe length to pitch.
Further realizing that sound is a
series of air waves, and that the
repetition rate of these waves deter-
mines the pitch or frequency of
sound, it immediately becomes evi-
dent that air traversing the length
of a 16-foot pipe will produce half
the number of waves obtained from
an 8-foot pipe, and one-fourth the
number from a 4-foot pipe.

In electronic organs, the funda-
mental tone corresponding to a key

;_h+

is referred to as the 8" pitch. Some-
times, it is desirable for additional
harmonically related tones to sound
when a key is depressed. Thus, if
we depress the 4’ tab, a tone one
octave above the normal tone for
the note will sound. Likewise, a 16’
tab will cause a tone one octave be-
low the normal tone to sound. Vari-
ous combinations of tabs can be
used. Many times, the pitch length
and the voicing (to be discussed
later) are combined on a tab, mak-
ing it possible to select the desired
voice at the desired pitch.

Waveshaping Circuits

As previously mentioned, the tone
generators produce a specific type of
electrical wave, which must be
altered to imitate the various in-
struments or effects. Many of the
more melodious musical tones,
however, are said to be harmoni-
ous—that is, other frequencies, called
harmonics or overtones, are pres-
ent along with the original funda-
mental tone. A harmonic frequency
is any whole multiple of the funda-
mental. A second harmonic has
twice the frequency of the funda-
mental, and is referred to in music
as the first overtone. You will also
recognize that such a harmonic, or
overtone, is octavely related to the
fundamental.

In an electronic organ, a funda-
mental electrical wave can be modi-
fied to give it the desired harmonic
content. The sound thus produced
is known as a wvoice of the organ.
It can be made to sound like ‘any
otl}er musical instrument by merely
using electronic circuits which will
modify the fundamental tone-gen-
erator signal to the proper wave-
shape.

Most. organ voices are classified as
bel{)nglng to one of four broad cate-
gories—Diapason, Flute, String, or
Reed. Two approaches are em-

ployed to obtain these voices. In
one, waveshaping circuits are used
to alter the tone-generator signal,
which will be a complex waveform,
such as a pulse or sawtooth, con-
taining many harmonics. In the
other approach, sine wave tone
generators are used, and the out-
puts from two or more of them are
mixed to produce the complex
waveforms. Most organs have a
number of voices, which can be
switched in and out by control tabs
within the organist’s reach at one
side of the keyboard.

To add additional desirable ef-
fects to musical renditions, other cir-
cuits are used to modify the signal
waveforms. One of these effects is
called wvibrato, wherein the fre-
quency of the fundamental wave is
made to rise and fall slightly at a
continuous rate. This is what a
violinist does when he ‘“rocks” his
finger on a string. A closely related
effect known as tremolo is produced
when this variation is applied to the
volume of a note. Volume can also
be controlled with a foot-operated
device identified as the swell or ex-
pression pedal.

Keying Circuits

To provide the organist with the
means for controlling the notes pro-
duced, electronic organs have key-
b(.)ards very much like those of a
piano in appearance. There is also
a set of foot-operated keys or bars,
more accurately referred to as
pedals, which constitute the pedal
division. Most organs for home use
h.ave two keyboard divisions in addi-
tion to the pedals. The various
manufacturers use different names
for identifying the keyboards. Thus,
the upper one may be called a solo,
swell, or upper manual, while the
lower one is referred to as the ac-
companiment, great, or lower man-
ual. Usually, both manual divisions

11




will have keys encompassing about
four octaves each, and the pedal di-
vision will range from an octave to
«slightly over two octaves. The over-
all octave range of notes may extend
from five to as many as eight oc-
taves, the average being about SiX.
The lowest notes are produced by
the pedal division. Notes on the
lower manual may extend from the
second to the fifth or sixth octave,
and the upper manual, from the
second or third to the sixth or
seventh. These ranges vary con-
siderably, according to the versa-
tility of the instrument. As a mat-
ter of fact, the number of divisions
is not limited to the three just de-
scribed. More elaborate instruments
may incorporate four or five, or
even more, manual and perhaps two
pedal divisions. Such organs, of
course, are out of the ordinary and
not designed for average applica-
tions.

One other bit of terminology
which should be explained in con-
nection with this discussion of key-
board divisions and their ranges has
to do with a device known as a
coupler. When incorporated into an
organ, a special control tab can be

12

activated to permit the notes of one
division to be played on the keys of
another. Generally, the electrical
connection thus provided permits
notes on the upper manual to be
played from the lower manual key-
board, or vice versa. The advantage
is that both the range of octaves
and the number of voices obtainable
from one manual are extended.

Amplifier Circuits

Now that the tones have the de-
sired waveshape, they must be in-
tensified before going to the speaker.
A conventional audio amplifier is
used to amplify the signal to the re-
quired level. The foot-operated ex-
pression, or swell, control in the
amplifier circuit performs the same
function as the volume control in a
conventional amplifier. Many times,
additional amplifiers will be in-
cluded in separate tone chambers
located some distance from the or-
gan. The output of the amplifier
(or amplifiers) is coupled to the
speakers, where the electrical energy
is converted to mechanical energy
and sound waves having the same
characteristics as the electrical
waves are produced.

T 09090909090 0 RN

ONE
CONTROL.

"~ PERCUSSION
STOP TABLETS
AND CONTROL

Fig. 2-1. The Baldwin Model 45H electronic organ.

CHAPTER 2

THE BALDWIN
ELECTRONIC ORGAN

tro:lil: é):lztr?graph in Fig. 2-1 shows the Model 45H Baldwin elec-
e isgri InaS in example of the full Baldwin line. While this
Eoun b Sper. arlfy' for home use and entertainment purposes, the
kv 1tes Ot imstruments extends from a small spinet model
oo otes i each manufil and 13 pedals) to the large three-
al, concert-type organ with 59 stops and American Guild of
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Organists’ specifications. The operating principles described herein
are characteristic of all models produced by The Baldwin Piano

Company.

GENERAL DESCRIPTION

The Model 45H organ has two
full 61-note manuals and a 25-note
pedal clavier. All stops and con-
trols are located on the panel im-
mediately above the swell manual,
making them readily accessible to
the organist. The group of stop
tablets to the extreme left of the
panel is for the pedal division. The
group in the center is for the swell
manual, and the group to the right
is for the great manual. Additional
controls on the panel include the
“off-on” switch, pilot light, and the
four-position Vibrato switch which
has an “off” position and three pitch
Vibratos. In addition, there is a
three-position pedal level control for
regulating the pedal division out-
put, and a continuously variable
tone control which affects all voices
of the instrument. With such an
arrangement, numerous combina-
tions of stops, suitable for all types
of music, are available. The swell
shoe, which controls the over-all
volume, is located immediately
above the pedal clavier near the
center of the console.

The console contains all the elec-
tronic components necessary for
proper operation of the instrument.
It has a two-channel, 50-watt ampli-
fication system and two 15” speakers.
Various accessories are available and
may be added conveniently, as de-
sired. These accessories include a
percussion ensemble, a Baldwin-
Leslie type tone cabinet and a
Chora-tone projector tone cabinet.
Additional tone cabinets may be
conveniently connected where space
requirements dictate the use of ad-
ditional audio power.
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STOPS

The stop list for this model is as
follows:

Pedal Division

Diapason 16'—Sub-octave stop of
the Diapason family. Loudest stop
in the pedal division.

Bourdon 16'—Softly voiced sub-
octave flute. Has a clear tone with
only a small amount of harmonic
development. The most used of the
pedal stops.

Dulciana 16'—Softly voiced sub-
octave stop of the string family.

Flute 8'—Softly voiced Flute used
to compliment the Bourdon 16’ in
pedal build-up.

Swell Division

Tibia 16'—Medium loud, sub-
octave Flute.

Diapason 8'—Fundamental stop of
the Diapason family.

Tibia 8'—Loudly voiced 8 stop
of the Flute family.

Salicional 8—Basic string stop of
the swell manual, supplying founda-
tion for the entire string ensemble,
as well as adding brilliance to full
organ.

Saxophone 8—Solo stop imitative
of the orchestral Saxophone. Be-
longs to the reed family.

English Horn 8—A very loud and
brilliant trumpet-like stop of the
reed family.

Clarinet 8'—Solo stop imitative of
the orchestral Clarinet. Belongs to
the reed family.

Oboe 8&—Solo stop imitative of
the orchestral Oboe. Belongs to the
reed family.

Tibia #—Medium loud 4’ Flute.
Rounds out the Tibia “chorus” or

ensemble basis of the swell man-
ual.

Salicet 4’—Keenly but softly
voiced string stop. v

Great to Swell 16'—A lower man-
ual to upper manual coupler (not a
speaking stop). It couples the stops
drawn on the lower to the upper
manual an octave lower than they
appear on the lower manual.

Great Division

Horn Diapason 8'—Basic founda-
tion stop of the great manual.

Flute 8—Softly voiced Flute stop.
Ideal for accompanying the swell
manual solo stops.

Dulciana 8—Softly voiced, sweet-
toned stop of the Diapason family.
Softest stop of the great manual.

Tuba &—Loudly voiced reed stop.
Has a penetrating tone similar to
the trumpet, but not quite as bril-
liant.

Flute 4'—A brightly voiced super-
octave Flute, with a somewhat imi-
tative character.

Violina 4'—String stop at 4’ pitch.
Slightly louder than the Salicet 4’
on the swell, but not quite as keen.

Loud and Soft—A nonspeaking
stop that changes the relative vol-
ume of the great manual to the
swell manual.

OPERATING PRINCIPLES

The block diagram in Fig. 2-2
shows the various sections of Models
45C and 45H2. It will be 'used in
following the signals from their
sources through the power ampli-
fier to the speakers.

Generator

A total of 738 pitches, extending
from the lower-most pedal “C” pitch
(82 cycles) to the highest “C” at 4

PEDAL
SPEAKERS
VIBRATO
POWER GENERATOR
AMPLIFIER apnat op
I> (2CHASSIS) SIIéNI\OLZE
MANUAL
SPEAKERS )
4
2 § PERCUSSIO
w
e g g KEY =6 GATESl 3
s SWITCHES TONE-FORMING
CIRCUITS
SPEAKER
BALDWIN-
LESLIE
PREAMP
TONE FORMING
(OPTSRALS CIRCUITS
TIBIAS AND
FLUTES ONLY) 2 g
b= =
w z
£ =
MIXER
PREAMP
OPERATIVE
FUNCTION
SIGNAL—— R i‘:gIEL

Fig. 2-2. Block diagram typical of sections used in Baldwin
electronic’ organs.
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pitch (2,093 cycles), are available on
this instrument. The generator it-
self produces a sawtooth type signal
which contains the fundamentals
and all of its harmonics in gradually
decreasing amplitudes. A mathe-
matical analysis of the sawtooth
wave would show that if the funda-
mental is considered as 100%, the
percentage of second harmonic con-
tent is one-half or 50%, the third
harmonic content is one-third or
38149, the fourth harmonic is one-
fourth or 259, the fifth harmonic

Fig. 2-3. Sawtooth type signal de-
veloped by tone generators.

one-fifth or 209, and so on. Thus,
all the harmonics necessary to pro-
duce any tonal timbre are present
in the generated signal. A typical
waveform produced by the fre-
quency dividers of the generator is
shown in Fig. 2-3.

Musical sounds are represented
by complex waveforms which, when
mathematically analyzed, are found
to contain a number of sine waves
of various amplitudes and phase
relationships. This is illustrated in
Fig. 2-4, wherein the original wave-
form is broken down into. sine
waves which are harmonics of the
fundamental complex waveform.
The relative amplitudes of the har-
monics are shown in the associated
db versus frequency graph.

A schematic diagram of a typical-

generator subassembly is shown in
Fig. 2-5. Several such subassemblies
are used in the tone generator. The
topmost pitch for each note of the
chromatic scale is generated by the

16

very stable oscillator circuit VIA.
All other pitches which are oc-
tavely related are obtained by a
frequency-dividing process. Thus,
stage V1B delivers a signal at one-
half the frequency of the original
(signal #2). The signal frequency
from V2A (signal #3) is half that
from V1B (one-fourth the frequency
of the fundamental), and so on
down the line to signal #6, which is
1/32nd of the fundamental. Syn-

iy
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Fig. 2-4. Analysis of the sine wave con-
tent in a complex signal waveform.

chronization of the divider stages
with the oscillator is obtained
through magnetic coupling by hav-
ing all of the transformers mounted
on a common transformer lamina-
tion.

Each divider stage is triggered by
a pulse from the previous stage,
causing conduction to take place
and grid current to flow. This grid
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Fig. 2-5. Schematic diagram of a typical generator subassembly.
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current charges the associated grid
circuit capacitor quite rapidly.
When the tube is again driven into
cutoff (cathode is normally at 15-
volts positive bias), the capacitor
discharges at an exponential rate
through the grid resistor, thereby
yielding the characteristic saw-
tooth.

Vibrato for the entire generator
is introduced by applying a suitable
voltage from the secondary of a
transformer in series with the top-
most octave grids. Full vibrato is
nearly 7 cycles per second. A typical
vibrato circuit used in Baldwin or-
gans is shown in Fig. 2-6. The plate
of the vibrato tube is powered from
the 165-volt source whenever the
vibrato switch is in any position but
“off.” The impedance associated
with the grid circuit of the oscillator
tube determines to a great extent
the vibrato frequency. The induc-
tance of the transformer secondary,
together with the grid-circuit ca-
pacitance, causes this circuit to
oscillate. The vibrato rate may be
changed by using different values
for the selective capacitors in paral-

lel with the 2-mfd unit. The ampli-
tude of the vibrato signal is deter-
mined largely by the resistor values
in the plate circuit (shown as 5.6K
and 10K). The 470-mfd capacitors
associated with the vibrato switch
(between plug connections 1, 2, and
3) are concerned with neither the
amplitude nor rate of vibrato, but
are used to avoid switching tran-
sients. It should be mentioned that
organists may have different tastes;
thus, adjustments of the vibrato cir-
cuitry should be made in the or-
ganist’s presence and to his or her
personal satisfaction.

Key Switches

Referring again to Fig. 2-2, all of
the generator signals are fed to the
key switches. From here they are
distributed through tone-forming
circuits to the swell, great and pedal
divisions as the notes from these
divisions are keyed. The generator
operates continually, and it is only
when key switches are closed that
signals are delivered to the output.

The key switches (Fig. 2-7) em-
ployed in Baldwin organs are ex-

IN GENERATOR POWER SUPPLY

*R6 Vib X FMR
+165

20mfd]  Select]x

Ry

il
bove

/ I 2 3
5 off I T T

; 470 mmid *56KN %10K

IN TONE COLOR BOX

# Rate and amplitude
determining components

O  Plug connections

1
L 53 220K
]

E3

Fig. 2-6. Vibrato oscillator circuit complete with switch circuit arrangement.
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18K ol
] 100K

10K 47K
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o”"o—4 SALICIONAL 8'

680K

Fig. 2-8. Portion of the schematic diagram for the formant circuits.

clusive with this manufacturer. The
switch itself is of the gradual con-
tact type, which avoids the “explo-
sive’” attack as a note is played. As
the player depresses a key, the sig-
nal from the generator is allowed
to pass through the key switch in a
gradually increasing amplitude,
reaching the maximum shortly be-
fore the end of the key travel. As the
key is depressed, a deposited carbon
resistive element (A) is gradually
shunted out of the circuit. Near the
end of the travel, the key switch is
completely closed on a deposited
silver surface. Switching transients
are thereby avoided, resulting in a
smooth attack and decay of the
tones.

Formant Circuits

When the playing keys are de-
pressed, the sawtooth signals from
the generator are fed into the tone-
forming circuits, which modify the
waveform characteristics in ac-
cordance with the settings of the
various voice tabs or stops. Typical
waveforming circuits are shown in
Fig. 2-8. The action of these filter,
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or formant circuits as they are
called, involves filtering or accentu-
ating, as required, the harmonics
associated with the timbre of the
stop. Typical waveforms produced
from sawtooth inputs by the form-
ant circuits are shown in Fig. 2-9.
Returning again to Fig. 22, the
two output signals from the formant
circuits are fed through preampli-
fier circuits to a dual-channel power
amplifier. Signals from the pedal
division are fed into a 80-watt am-
plifier channel, and the combined
signals of both manuals are fed
into a 20-watt power amplifier chan-
nel. Each output channel feeds a
15” speaker.

As further shown by the block
diagram, the swell shoe has its con-
trolling effect on the preamplifier,
varying the amount of signal reach-
ing the amplifier section. A typical
circuit, which not only permits
changing the over-all loudness of
the organ by means of the swell
shoe, but also provides for the use
of an echo cabinet, is shown in Fig.
2-10. Signals are received in the
swell shoe circuitry through the sec-

(B) Oboe horn §&'.

N @i

(C) Salicional 8.

(D) Saxaphone §'.

Fig. 2-9. Typical waveforms of formant circuit outputs.

ondary of an output transformer as-
sociated with the preamplifier in the
tone color box. The transformer
secondary is loaded by a 680-ohm
resistor. The variable resistance,
shown as 100 meg to 35 ohms, is
actuated by the mechanical action

of the swell shoe. The controlled
output signal is taken from the
junction of the 680-ohm resistor and
the 0.15-mfd capacitor. The junc-
tion box circuitry, connected in
series with the variable resistor, is
used for bass compensation so that

LEAF TYPE
SWELL CONTROL

SECONDARY
OF OUTPUT
TRANSFORMER
IN TONE
COLOR BOX

COLOR CODE - WIRES ENTERING LEAF TYPE =
SWELL CONTROL FROM
ADJACENT TERMINAL STRIP

BLK FULL
IN TONE
COLOR BOX~___
—»=MAIN
e80n ECHO =—
] SWITCH POSITION
1
1
! 'E|5
0 i W
MFD: MAIN| ECHO
220 |
]
|
|
_______ | %K

TO MAIN TO ECHO
OUTPUT OUTPUT
SOCKET SOCKET

Fig. 2-10. Schematic of the swell shoe circuit.
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adequate bass is sounded at low stops and fed into a separate pre- v

output i;:vels. The vfariablehrgiis(tior amplifier added within the console. &\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\W
1s actually a series of switc ades /

> 2

The swell shoe is modified so that ] ////%2
. 2 loa . 3 7 %
inter-connected in a resistive net- these voices may also be under ex- -

.

work so that successive contacts are
closed to change the signal by ap-
proximately 1-db increments.

An echo cabinet is often desirable
in church installations. The organ-
ist may use such a cabinet to ad-
vantage in switching from the main
installation to echo, as called for
by the music. The main-full-echo
switch shown at the right in Fig. 2-
10 accomplishes this switching oper-
ation. In the echo position, only the
echo organ will sound. In the center
position, both main and echo will
sound, and in the right-hand posi-
tion only the main organ installa-
tion will be heard. Note that all cir-
cuitry associated with the swell con-
trol and the main-full-echo switch is
low impedance and, of course, not

pression. After being amplified by
the preamplifier, the signal repre-
senting these voices is fed to a 20-
watt amplifier within the auxiliary
cabinet. The internal structure of
the cabinet is shown in the draw-
ing of Fig. 2-11. Signals from the
amplifier feed a single 12” speaker.
As the speaker output radiates
through the baffle, the sound energy
is deflected by the rotating element
which turns at a speed approaching
seven revolutions per second. A pul-
ley, mounted on the lower end of
the shaft, is belt-driven by a small
motor. Radiation from the back of
the speaker is absorbed in the space
in the upper part of the cabinet,
and is not permitted to emerge be-
cause the sound waves would not

SPEAKER

BEARING

777

S

subject to extraneous radiation properly blend with those acted
pick-up. upon by the rotating element. The
sound energy, being operated upon

mechanically by the rotater, emerges
The Baldwin-Leslie auxiliary tone  from three sides of the- cabinet

cabinet may be used to produce a through suitable grille openings.
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BAFFLE
Auxiliary Equipment

ROTATING
ELEMENT
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desirable sound by feeding the Flute
and Tibia voices to the cabinet,
which has a rotating element in
front of the speaker. In many in-
stances, this auxiliary cabinet is
located up to 15’ from the console;
its use, in conjunction with the con-
sole speakers, results in a stereo
type of sound system wherein there
is a physical separation of the voices
of the instrument. This spatial sepa-
ration of the voices and an inde-
pendent Vibrato may be compared
with the pipe organ installations,
where different ranks of pipe are
located in separated chambers.

When the auxiliary cabinet is
used with the console, the 4/, 8, and
16’ Tibias of the Swell manual and
the 4 and 8 Flutes of the Great
manual are separated from the other
22

The rotater introduces a Doppler
effect, plus a variation in ampli-
tude.

The cabinet is designed to receive
only the Flute and Tibia voices. If
other voices are fed into this unit,
much of their beauty will be lost,
since the rotating element has a
tendency to destroy the continuity
of complex waveforms. An off-on
switch is provided so that the
Flute and Tibia voices may be
played through the cabinet without
the characteristic vibrato effect pro-
duced by the rotator action.

Another accessory which may be
used is the Chora-tone projector
cabinet, an electronic device which
operates on the signal from the
manuals to produce a Celeste or
Ensemble effect. The output of this
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Fig. 2-11. Sketch showing the rear view of the Baldwin-

Leslie auxiliary tone cabinet.
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cabinet, when acoustically combined
with the output of the manual
speaker, produces a very pleasing
tone.

The Chora-tone projector is never
used by itself, since it is necessary
that the speaker output from the or-
gan and the output from the
speaker of the Chora-tone projector
be acoustically mixed in certain
proportions, depending upon the
acoustical environment and the
preference of the organist. The use
of this unit enhances the over-all
organ tone by producing additional
pitches not present in the organ
signal itself. The organ signal from
the manuals is fed into a phase-
splitting network which yields three
signals approximately 120° out of
phase. These three signals are then
fed into a system of four oscillators
operating at 1, 2, 4, and 8 cycles per
second. The resulting output signal
then contains not only the pitch
fed into the system, but also other
pitches which differ from the in-
coming signal by frequencies up to
8 cycles per second.

Percussion Voices

As shown in the block diagram of
Fig. 2-2, a separate output of the
tone generator feeds a section la-
beled Percussion Gates. These cir-

COMPONENT

VALUES VARY —
WITH WAVEFORM
REQUIREMENTS

SAWTOOTH 0047
GENERATOR

.0047

35V WHEN
KEY SWITCH
CLOSED

Fig. 2-12. Typical circuit used in the

cuits are controlled by a separate
group of stop tablets, which are
mounted on a plate in the left-
hand key block cap (identified in
the photo of Fig. 2-1). These per-
cussive stops are for voices char-
acterized by a rapid attack and a
gradual decay—namely, Vibra Harp,
Organ Harp, and String Percussion.

A portion of the schematic for
the percussion ensemble is shown in
Fig. 2-12. The sawtooth signal from
the generator is applied to the grid
of the gate tube through a .0047-
mfd capacitor. When a playing key
is depressed, a positive DC voltage
raises the grid to the point where
the gate tube will allow the gen-
erator signal to pass. (The cathodes
are normally biased with 435 volts.)
The output of each percussion gate
tube feeds an associated preampli-
fier and formant circuit, which mod-
ifies the sawtooth waveshape as
necessary to provide a particular
percussion signal. This signal then
goes to the mixer and power ampli-
fier for reproduction.

TUNING
The pitch stability of the Baldwin
generator is such that tuning is al-
most never required. If for some
reason the instrument must be

= 250v

percussion preamplifier and formant

circuits.
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tuned, it will be necessary to adjust
only the trimmer capacitors associ-
ated with the topmost octave oscil-
lators (C1 in Fig. 2-5, for example).
Since all notes are octavely related
and synchronized, it is necessary to
tune only twelve notes.

The recommended tuning proced-
ure is to listen to one note at a
time with a set of earphones. A
complete set of tuning forks (twelve)
is required. While receiving the sig-
nal of the note to be tuned in the
phones, the corresponding fork is
struck and held against the earpiece.
Pitch is then adjusted by turning
the trimmer capacitor for a zero
beat.

Baldwin electronic organs are
tuned to the equitempered musical
scale, which has been the accepted
standard for many years. It is based
on the concert pitch of 440 cycles
per second for middle “A.” In the
equitempered scale, adjacent notes
of the chromatic scale differ in fre-
quency by the factor of the twelfth
root of two, 1.05946. As an example,
with “A” at 440 cycles per second,
A sharp would be 440 X 1.05946.
The tuning then, if it is to be exact,
must be based on this specification
for the entire scale. The tuning pro-
cedure described above gives an
exact pitch reference for each note
of the chromatic scale. Other meth-
ods of tuning, such as setting tem-
perament by counting the beats be-
tween intervals of the scale, tend
to be inexact since nearly each note
is tuned with reference to a previ-
ously tuned note and any errors are
cumulative.

SERVICE TECHNIQUES

In order to intelligently service
Baldwin organs, it is absolutely es-
sential that the function and oper-
ating principles of each major por-
tion of the circuitry be thoroughly
understood. To quickly isolate any
type of difficulty, the technician
should firmly fix in his mind the
signal paths through the instrument,
as shown in the diagram of Fig.
2-13. By noting the symptoms from
the keyboard, any malfunction can
be traced by reasoning to one of the
major sections shown in the dia-
gram. One or more of the following
service techniques should quickly
reveal the difficulty:

A. Signal Tracing

B. Voltage Measurements

C. Resistance Measurements

D. Continuity Checks

E. Reference to Schematic
Diagrams

A set of earphones will be most
useful in tracing the signals through
the system. A high impedance set is
preferred for monitoring the signals
at any point in the system. In some
portions of the formant networks,
the signal level may be too low to
be heard by earphones alone, in
which case one of the signal tracers
with a built-in voltage amplification
system will be necessary.

The generator dividing circuits
require that an 11 to 1 voltage ratio
exist between plate supply voltage
and cathode bias. This ratio can be
checked by a special piece of test
equipment known as the bias test

W—/WPW}——M—/‘\/AQ”\/

GENERATOR KEY FORMANT  STOP PREAMP

ILLATOR SWITCH NETWORK TABLET
s i SWITCH

SWELL POWER SPEAKER
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SIGNAL —»

Fig. 2-18. Block diagram showing continuity of signal path in Baldwin organs.
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box, which is furnished to author-
ized Baldwin technicians. This bias
test box allows the ratio to be
shifted in such a way that the con-
dition of the tubes may be checked
and the future performance of the
divider circuits predicted. If for
some reason the calibrated RC net-
works become faulty, the dividers
may divide by three, instead of by
two, in which case the fifth, instead
of the octave, will be heard. Or, in
some instances, the oscillator may
be erratic in operation and may
fail to yield a steady tone. When
this occurs, the oscillator itself
may have to be recalibrated. (Fac-
tory replacements for the generator
chassis are available at a nominal
charge.) A tube checker should not
be used to determine the suitability
of a tube for replacement in the
generator. The generator itself
should be used as the checking de-
vice.

Service to the key-switch assem-
blies usually involves nothing more
than thorough cleaning with ben-
zine. The use of a pipe cleaner will
be convenient for this purpose.
Should the deposited carbon surface
become worn, a new track may be
exposed simply by shifting the mov-
able portion of the switch assembly.

The signal levels within the form-
ant networks are on the order of
millivolts and the nominal ratings
of the resistors, capacitors, and
chokes far exceed the circuit re-
quirements. As a result, replacement
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of any of these components is very
rarely necessary. Any change in
value which may normally occur
would not be of sufficient magni-
tude to noticeably affect the voicing
of the stops.

The preamplifier circuitry is
nothing more than several stages
of amplifiers, and the design fol-
lows conventional practice. If signs
of distortion appear, the first thing
to do is check the tubes. If the
tubes are satisfactory, plate and
cathode  voltage  measurements
should be made, and the plate cou-
pling capacitors should be checked
for any signs of leakage.

The swell shoe may cause some
electrical noise if a steady tone is
sounded when the swell shoe is
moved back and forth. This can
usually be traced to dirt particles
on the gradual contact elements.
Cleaning with benzine will usually
clear up any difficulty. Adjustment
for proper travel of the element is
accessible only by removing the en-
tire swell shoe assembly, which is
held in the console with four wood
SCrews.

The power amplifier follows con-
ventional design, and the wusual
troubleshooting techniques may be
employed. Tube checks and voltage
measurements within the power
amplifier will usually reveal any
source of difficulty. Here again,
plate coupling capacitors should be
checked for leakage and replace-
ments made as necessary.

VOICES

PEDALBOARD

Fig. 3-1. The Conn Rhapsody organ.

CHAPTER" 3

THE CONN
ELECTRONIC ORGAN

The Conn Models 600, 610, and 620 Rhapsody electronic organs
are basically alike. Models 600 and 620 have 25 pedals, and the
Model 610 has 18. The Model 620 incorporates an acoustic tremolo
circuit, in addition to the regular grid-bias tremolo. Operation of
these circuits will be discussed later in this chapter. The Models
600 and 610 contain 62 tubes, and the Model 620 has 70. Three
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speaker—one 15-inch, one 10-inch, and one 6 X 9-inch—are used in
the Models 600 and 610. The Model 620 has a 15-inch and a 6 X 9-
inch speaker, plus two 5%4-inch speakers for the acoustic tremolo

circuit.

GENERAL DESCRIPTION

A photograph of the Model 620
Rhapsody organ appears in Fig. 3-1,
which identifies the principal parts.
A description of these parts follows:

Solo Manual — The solo manual
contains 49 keys (keys 25 through
73) for notes C3 through C7, with a
one-octave extension.

Solo Couplers—The solo couplers
(black tabs) permit additional har-
monically related tones to be
sounded when a key is depressed, as
well as tones to be played from the
accompaniment generators with the
solo keyboard. Couplers employed
on the Rhapsody organs are:

Accompaniment to solo 16’
Unison off

Solo 4’

Solo 2%’

Solo 2’

Solo 134’

The Unison Off coupler is on
when it is level. It permits the
solo keyboard to be played at the
8 pitch level. When Unison Off is
depressed (off), no notes will sound
from the solo keyboard unless one
of the other couplers is depressed.

Solo Voices—The solo voice tabs
(white tabs) are depressed to select
the desired voices. At least one voice
tab must be depressed before a note
can be sounded from the solo key-
board. The solo voices on the Rhap-
sody organ are:

Diapason 8’
Soft Flute 8’
Concert Flute 8
Soft String 8’
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Violin 8’
English Horn 8’
Oboe 8

Accompaniment Manual—The ac-
companiment manual has a range of
49 keys (keys 13 through 61), or four
octaves.

Accompaniment Couplers — The
accompaniment couplers (black tabs)
permit tones from the solo gener-
ators to be played on the accom-
paniment keyboard. Two couplers
are employed—one couples the ac-
companiment keyboard to the solo
generator at the 8 level, and the
other at the 4’ level.

Accompaniment Voices—The ac-
companiment voice tabs select the
desired voices to be played on the
accompaniment manual. The voices
are:

Open Diapason 8
Accompaniment Flute 8’
Flute 8

Echo String 8’

Cello 8

Reed 8

Pedalboard—The pedalboard sup-
plies the bass notes of the organ.
Models 600 and 620 have 25 pedals
(keys 1 through 25). Model 610 has
18 pedals (keys 1 through 18).

Pedal Voices—The pedal voices
vary the character and the volume
level of the pedal notes. The pedal
voices are:

Echo Bass 16’
Sub Bass 16’
Major Bass 16’

Tremolo Tabs—Three tabs con-
trol the degree of tremolo. The “F”
tab gives a heavy degree of tremolo;

the “M” tab, medium; and the “L”
tab, light.

Expression Control—A capacitor-
type expression control is used in
the Rhapsody organs to control the
loudness (volume). An additional
control, connected to the expression
pedal on the Model 620, controls
the volume of the acoustic tremolo
speakers.

Block Diagram

A block diagram of the Conn
Rhapsody organs is given in Fig. 3-2.
When a key on one of the keyboards
is depressed, B+ is applied to the
plate of the tone-generator tube.
(Individual tone generators are em-
ployed for each tone on each man-
ual.) Two basic musical tones are
produced by the tone generator—
one a pure (flute) quality, and the
other a pulse (string quality) rich in
harmonics.

The outputs of the tone genera-
tors are fed to the preamplifiers.
Separate pulse and flute preampli-
fiers are employed for each manual.
The output from the preamplifiers
is then applied to the formant-type
voicing filters, where the waveshap-
ing circuits produce the proper out-
put waveforms for the various
voices.

The outputs of the voicing filters
are summed and then coupled to
the amplifier input. The expression
control is connected in the input cir-
cuit of the amplifier, and the ampli-
fier output is connected to the three
speakers. The operating voltages for
the organ are supplied by the power
supply. A voltage-regulator tube
holds the plate-voltage supply of the
tone generator at 75 volts.

The tremolo generator supplies a
voltage, which varies at the rate of
6 to 7 cycles per second, to the grid
circuit of the tone generators to
produce the tremolo effect. In addi-
tion, the Model 620 incorporates the

stages shown in the dotted lines, to -
further reinforce the tremolo. This
is the acoustic tremolo circuit. A
portion of the voicing-filter output
is amplified by the tremolo chan-
nel amplifier and applied to the
tremolo-speaker voice coils. The out-
put voltage from the tremolo gen-
erator is applied to the field coil
of the tremolo speakers so that the
output from the speakers will vary
at the tremolo rate.

CIRCUIT DESCRIPTION

The block diagram of the Conn
organs was given in Fig. 3-2. We
shall now examine the circuits in
each of these blocks and follow the
signal through the organ to the
speaker.

Keyboard System

The operation of the keyboard
assembly is shown in Fig. 3-3. When
a key is depressed, the key-switch
post (on the right) moves downward,
causing the key contact fingers to
contact the coupler rods. The
coupler rods are connected to the
75-volt line. When the key contact
finger “makes” with the coupler rod,
the 75 volts is conducted to the con-
nections at the rear of the key-
switch assembly, where it supplies
the B+ for the tone generator.

Coupler Rods—In Fig. 3-3 all
couplers are shown in the “‘on” posi-
tion. Fig. 3-4 shows an end view of
the coupler rods, which consist of a
bus bar with a covering of insula-
tion over all the bar except the pro-
jecting ridge. When the key contact
finger moves against the rod in the
“on” position, as shown in Fig. 3-
4A, the finger will contact the pro-
jecting ridge of the bus bar, and B+
will be connected to the oscillator,
causing the note to sound. When a
coupler tab is turned off, the cou-
pler rod is mechanically rotated to
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Fig. 3-3. Side view of the key-switch assembly.
I l the position shown in Fig. 3-4B. coupler is depressed, its coupler rod
w w E 2 With the rod in this position, the will move to the position shown in
é% §§ §'§ E g% key contact finger strikes the in- Fig. 3-4A. When key 49 (C5) is
gg §§ Sw %g #s sulated portion of the coupler rod played with the 4’ coupler on, C6
@ a a3 2 and no tone will sound. should also sound. Therefore, a
The coupling connections for a connection is made from the 4
single note (C6—Note 61) are given
} in Fig. 8-5. This is a rear view show- BUS BAR
< E ing the ends of the key contact
5% g% %é %E g% fingers (hereafter called terminals) PemlaTIon
§E EHS §u u £g extending through the rear post on
2 @ 83 g;‘ the key-switch assembly in Fig. 3-3.
The top post on the left is for cou- (4) “On” position.
pling the accompaniment generator
No. 49 to solo key No. 61. The INSUL ATION
second terminal from the top is the
o x go § g n 5 o5 8 terminal. Thus, when the Unison BUS BAR
gg g'g 23 zs i3 4% g5 Off tab is on, the 8 coupler rod i
g %5 | B0 |8a gz &y &2 g2 is in the position shown in Fig. (B) “Off” position.
] b a g | ge i ¥ & 3-4A; and when key 61 on the solo Fig. 3-4. End view of coupler rod.
T 8 j manual is depressed, the key-contact
finger will contact the projecting terminal on the Note 49 key-switch
ridge of the coupler rod and con- assembly to the 8’ terminal on Note
nect the 75 volts to this terminal. 61, and on to the oscillator as be-
From this terminal, the path is fore. Likewise, key 42 (F{) played
through the 100K resistor to the at 234, key 37 (C4) played at 2’, and
plate of the tone generator. key 33 (G#3) played at 13§, sound
= ) The third terminal from the top Note C6, so they are connected as
Fig. 3-2. Block diagram of the Conn Rhapsody organ. is the 4’ terminal. When the solo 4 shown in Fig. 3-5. In addition, keys
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61 and 49 on the accompaniment
manual sound Cé on the solo man-
ual when the 8 and 4’ solo-.to-ac-
companiment couplers, respectlvely,
are turned on so they are connected
as shown. Only the connectiqns for
C6 (Note 61) are shown in I."lg. 3-5.
All other key-switch assemblies have
similar connections—the terminals
are connected to the 8 terminal of
the note which should sound when
the key is depressed and the cor-
responding coupler tab is on. Each
8’ terminal is then connected to
its respective tone generator. Where

Note 85. No connection is made to
the sixth terminal from the top
because Note 89 is not available on
the organ. The coupler keying chart
in Fig. 8-6 gives the oscillators keyed
by each key for each coupler.

The 8 coupler rod on the ac-
companiment manual is stationary.
Therefore, the 8 tone will sound
at all times when an accompani-
ment key is depressed. No coupling
is employed between the notes on
the accompaniment manuals; how-
ever, the solo generators can be
keyed from the accompaniment

ce c5 F4 c4 63
#6l #49 #42 #37 #33
5 4 s il L
. . . . «| 16' ACCOMP. TO SOLO
. . . s 8'
[~
I~ '
. e . . . 4
\. '
. . e . . 22/3
$|00K ] '
& . . . \4\ . 2
. . . . B 1375
. L] . #.J
c6 C5 SOLO MANUAL POSTS
TO PLATE #6l ¢as
il i v 8' SOLO TO ACCOMP.
. [~ | 4' SOLO TO ACCOMP.
. o|8'
J °| ACCOMPANIMENT
Lo~ MANUAL POSTS

Fig. 3-5. Interconnecting leads between keying fingers for
Note 61 (C6).

the note is not available on the
keyboard, the terminals are con-
nected and a lead ties to the tone
generator (through the 100K resis-
tor).

Therefore, the top terminal on
the rear post for Note 61 (Fig. 3-5)
is connected to the 8 terminal of
key 49 on the accompaniment man-
ual. The third terminal is connected
to the 8 terminal on key 73. The
fourth terminal from the top is con-
nected through a 100K resistor to
the tone generator for Note 80, and
the fifth terminal is similarly con-
nected to the tone generator for

32

manual with the two solo-to-accom-
paniment couplers.

Tone Generators

All manual tone generators (ex-
cept Note 85 on the solo manual
and Note 61 on the accompaniment
manual) are located on the nine
tone-generator chassis. Each chassis
contains six 12AU7 dual-triode
tubes which serve as the tone gen-
erators for the 12 notes of one oc-
tave. Separate tone generators are
used for each manual. The chassis
are identified by chassis numbers,
as follows:

Notes Chassis
13-24 57000-2
25-36 57000-3
37-48 57000-4
49-60 57000-5
61-72 57000-6
73-84 57000-7

The same chassis numbers are
used for both the solo and accom-
paniment generators. The schematic
of a single tone-generator is given in
Fig. 3-7. One-half of a 12AU7 dual
triode is connected in a Hartley-
oscillator circuit. L1 and C1 form
the oscillator tuned circuit. L1 is
wound on a variable air-gap lami-
nated core which is varied to tune
the oscillator. R2 (located on. the
keyboard) and C3 ‘““damp” the key
clicks by introducing a short time-
delay before the note sounds after
a key is depressed. A positive bias,
which varies from 7.5 volts for Notes
13 to 24 to 2.0 volts for Notes 73 to
85, is applied through RI1 to the
grid of the tube. When tremolo is
used, the tremolo voltage is also
applied at this point.

Each oscillator supplies two out-
puts—one a sine wave or flute in
character, and the other a pulse
waveform for the reed and string
voicing.

The schematic of a tone-generator
chassis is given in Fig. 3-8. Notice
that each oscillator stage is alike.
The only differences are in the part
numbers of the tone-generator coils
and the values of the components.
The leads from the key switches are
color coded for each octave, as
shown here. That is, all “C” gener-
ators have red leads, all “C#’s” gray,
etc. The resistors labeled R2 are lo-
cated on the keyboard and are all
100K units. All RI’s are 1 meg. The
values for Cl1, C2, C3, and R3 for
each generator are given in Table
3-1. (NOTE: CI has a special tem-
perature coefficient and must be re-

placed with the same type of ca-
pacitor.)

The tone generators for Solo
Note 85 and Accompaniment Note
61 are located on a separate chassis
(No. 57725-4) called the “catch-all”
chassis. The circuits of these genera-
tors are identical with those in other
tone generators.

“Catch-All” Chassis

The “catch-all” chassis has the cir-
cuits for the two tone generators
previously mentioned, the tremolo
generator, the pedal generator, the
solo- and accompaniment-flute pre-
amplifiers, and the solo- and accom-
paniment-pulse preamplifiers.

The schematic of the preamplifier
stages is given in Fig. 3-9. All solo-
flute outputs are connected to a
common line through an isolating
resistor, and are applied to the solo-
flute amplifier. The solo-pulse out-
puts are connected directly to the
solo-pulse amplifier. The output
from the accompaniment tone gen-
erators are similarly connected to
the accompaniment-flute and -pulse
preamplifiers. The preamplifier out-
puts are connected to the input of
the voicing filters.

Pedal Generator—The pedal-gen-
erator schematic is given in Fig.
3-10. Tube V4 is located on the
“catch-all”  chassis; the pedal
switches and coil 57715 are on the
pedal assembly. Depressing a pedal
key connects the grid circuit and a
shunt coil (57716) to the various
taps on coil 57715. For notes C2
through C3 (Model 610, C#2
through F2), an alternate shunt coil
(567018-4L) is connected across a por-
tion of the internal coil (57715).
Notice that, when any pedal is
depressed, the switch opens the cir-
cuit for all lower pedals; therefore,
only the highest pedal depressed
will sound a note. The pedal voic-
ing tabs are also shown in Fig. 3-10.
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TABLE 3-1. TONE GENERATOR COMPONENT VALUES
Note ClI c2 c3 R3 Note C1 c2 (05} R3
13 .10 047 18 470K 50 010 .0039 .082 820K
14 10 .039 .18 470K 51 .010 0039 .082 820K
15 .082 039 18 470K 52 .0082 0033 082 680K :
16 .082 033 18 470K 53 0082 0027 .082 680K H@
17 .068 033 .18 560K 54 0068 .0027 .082 680K
18 .068 .033 18 560K 55 .0056 .0022 082 560K @
19 056 027 .18 680K 56 .0056  .0022  .082 560K
20 .056 .027 .18 680K b7 0047 .0022 082 560K
21 .047 027 18 680K 58 0047 .0018 082 470K -
22 047 022 18 820K 59 .0039 .0015 082 470K @
23 .039 .022 .18 820K 60 .0033 .0015 .082 470K it
24 .039 .018 18 820K 61 .0082 0022 .056 820K i®
25 .068 027 15 470K 62 .0068 0022 056 820K : @3mes
26 .068 027 a5 470K 63 0056 .0018 .056 820K
27 .056 027 A5 470K 64 .0056 0018 056 680K TR
28 047 .022 A5 470K 65 0047 .0018 .056 680K #y
20 047 022 15 470K 66 0039 0015 056 680K -
30 039 022 45 470K 67 .0039 0015 .056 560K 3
31 .039 .018 2D 470K 68 0033 .0012 056 560K @ =@
32 033 018 .15 470K 69 0033 0012 056 560K ©F e @5
33 027 015 15 470K 70 0027 .0010 056 560K —
34 .027 .015 15 470K 71 .0022 00082  .056 560K
35 022 012 15 470K 72 .0022 00082 .056 560K
36 .022 .012 ah 470K 73 .0056 .0010 056 470K
37 027 015 A5 560K 74 .0047 00082  .056 470K
38 .022 012 .15 560K 7hs) .0039 .00082  .056 470K
39 022 .010 .15 560K 76 .0039 00068  .056 470K
40 .018 .010 15 560K 717 .0033 .00068  .056 470K
41 015 0082 .15 560K 78 0033 .00056  .056 470K
42 015 .0068 .15 560K 79 .0027 00056  .056 470K
43 012 0068 .15 470K 80 .0022 00047  .056 470K
44 012 0056 .15 470K 81 .0022 .00047  .056 470K
45 010 .0056 .15 470K 82 .0018 00039  .056 470K
46 010 .0047 .15 470K 83 .0018 00039  .056 470K
47 010 0047 082 470K 84 .0015 00033  .056 470K
48 0082 .0039 .082 390K 85 .0015 00033  .056 470K
49 012 0047 082 820K
Tremolo Generator—The tremolo ) @
generator (V5 in Fig. 3-11) is a self- — Fies —
starting push-pull oscillator which Jse s inpur bk
conducts when any of the Tremolo 1o S o
tabs are turned on. It generates a
low frequency ranging from 5.7 to
7.3 cps. The secondary of the trem- pULlE MAR UDE
olo transformer is connected to the )

tone-generator grid-bias network, as Fig. 8-7. A single tone-generator stage.

o Fig. 3-8. A tone-generator chassis.
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Fig. 8-9. Flute and pulse preamplifier circuits.

explained previously. The voltages
at the various points on the bias
voltage divider are shown in Fig.
3-11. In the Model 620, one side of
the secondary is also connected to
the tremolo modulator for the
acoustic tremolo circuit. Operation
of this circuit will be explained
later. The extent of the tremolo
is controlled by the Tremolo tabs,
vhich connect various resistances in
the cathode circuit of the tremolo
generator, as shown in Fig. 3-1L.
When no Tremolo tabs are de-
pressed, all resistors are connected
in series between the tremolo gen-
erator and ground; so the tube will
not oscillate. Depressing the Trem-
olo Light tab shorts out the l-meg
resistor, but leaves the 4.7K, 10K,
and 2.2K resistors in the circuit; the
tube oscillates and a tremolo volt-
age appears on the bias line. De-
pressing the Tremolo Medium and
Tremolo Full tabs shorts out the
three remaining resistors (4.7K, 10K,
and 2.2K), and the amplitude of
the tremolo voltage increases ac-
cordingly.
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Voicing

The output from the solo- and
accompaniment-flute and pulse am-
plifiers are connected to the voicing
panel, as shown in Fig. 3-12. Here,
the formant filters shape the wave-
form for the desired flute, diapason
reed, and string tones. All filters are
shown in the “on” position. In the
“off” position the filter is shorted
by the tab switch. The circuit shown
in the dotted lines is included in
the Model 620 only. It provides the
signal for the tremolo amplifier.

Amplifier and Power Supply

The outputs from the solo, ac-
companiment, and pedal voicing fil-
ters are coupled (through a 100K
isolating resistor) to the input of
the main amplifier, a conventional
4-stage amplifier with push-pull 6L6
output tubes driving the speakers.
(See Fig. 3-13.) The variable capaci-
tor in the grid circuit of the second
stage is the expression control.

Power Supply —A conventional
full-wave power supply, with a 5U4
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Fig. 8-12. The voicing circuits.
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Fig. 8-13. Schematic of the amplifier and power-supply chassis.

rectifier tube, is used in the Conn
Models 600, 610, and 620. The 75-
volt plate voltage for the tone gen-
erators is provided by the OA3 volt-
age regulator. An external speaker
socket is included on the chassis.
The output-transformer secondary,
AC line, and ground are connected
to the socket. Conn has a 20- and
a 40-watt amplifier as accessories for
connection to this socket.

Tremolo Amplifier

Model 620 also incorporates the
circuit shown in Fig. 3-14. This is
the tremolo amplifier and modula-
tor for the acoustic tremolo. The
signal from the voicing filters (Fig.
3-12) is applied to the input jack
connected to the grid of the 12AV6
preamplifier. This is followed by the
12AX7 AF amplifier and phase in-
verter, and then the push-pull 12V6
output stage. The output-trans-
former secondary is connected, via
the socket and plug, to the two 5%-
inch tremolo speaker voice coils.

The voltage from the tremolo
generator is connected to the 12AU7
tremolo amplifier (Fig. 3-14). The
second half of the 12AU7 amplifier
supplies the two signals 180° out
of phase to the push-pull tremolo
modulator stage. The speaker fields
are connected across the tremolo
modulator outputs. Thus, the volt-
age across the fields varies at the
tremolo rate and causes the output
of the tremolo speakers to reverse
their phase on succeeding half cycles
of the tremolo generator.

CHECK-OUT PROCEDURE

The following check-out proce-
dure covers all mechanical and elec-
trical operations, including the keys
and couplers. By following the pro-
cedure outlined, the operation of all

sections of the organ can be readil
checked. /

Solo

10.

18

12

13

14.

Generators

. Turn on the master switch

and wait one minute for the
organ to warm up.

. Place all tilt tabs at the left

end of the solo manual in the
“off” position except Diapa-
son 8, which should be turned
on.

. Place the Tremolo tabs in the

“off” position.

. Place all Solo Coupler tabs

in the “off” position, except
the Unison Off tab, which
should be turned on.

. Hold the expression (volume

control) pedal down halfway.

. Depress all keys of the solo

manual from left to right.
They should each respond
with a diapason tone, sound-
ing notes 25 through 73.

. Move the solo (Unison Off)

tab to the off (down) position.

. Again depress all solo manual

keys from left to right. They
should now be silent.

. Leaving the Unison Off tab

down, depress the 4’ tab.
Again key the solo manual
from left to right. Notes 37
through 85 should sound. (See
Fig. 3-6).

Raise the 4’ coupler tab and
depress the 224’ coupler tab.
Again key the solo manual
from left to right. All the
keys except the top seven
should respond, producing
notes 44 through 85.

Raise the 224’ coupler tab and
depress the 2’ tab. All keys
except the top twelve should
respond. Notes 49 through 85
should sound.

Raise the 2’ tab and depress
the 134’ tab. All keys except
the top sixteen should re-
spond, sounding notes 54
through 85.
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molo amplifier and modulator used in the

Model 620.

Solo Voice Tablets

1. Hold any key down on the solo
manual.

2. Make sure all Solo Coupler
tabs are up.

3. While holding the key, depress

the Solo Voice tablets, one at
a-time, from left to right. Each
voice should respond with a
different tone or volume.

4. While playing a note toward
the top of the keyboard in the
diapason voice, depress the
Tremolo tab lettered “F.” The
note should respond with a
heavy degree of tremolo at a
frequency of six to seven
cycles.

5. Change from the “F” to the
“M” tremolo tab. The note
should respond with a medium
degree of tremolo at nearly the
same frequency as for “F.”

6. Change from the “M” to the
“L” tremolo tab. The note
should respond with a light
degree of tremolo at nearly the
same frequency as for “M.”

This completes the testing of the
solo manual except for the accom-
paniment-to-solo coupler, which will
be covered later.

Accompaniment Generators

1. Place all accompaniment voice
tabs in the “off” position ex-
cept Flute 8.

2. See that the solo-to-accompani-
ment tabs are off (level).

3. Key the accompaniment man-
ual from left to right. All keys
(13 through 61) should re-
spond.

4. While holding any key down
on the accompaniment man-
ual, move the accompaniment
voice tablets down, one at a
time, from left to right. Each
voice tablet should respond

with a different tone and dif-
ferent volume.

. While sounding a note toward

the upper end of the accom-
paniment keyboard, again place
the tremolo tabs down, one at
a time, and observe the change
in the tremolo as you move
the “L” and “F” tremolo tabs.
The amplitude and frequency
should be about the same as
for the solo (upper) manual.

Intermanual Couplers

g4

14

. Turn the

. Turn the

Depress the solo-to-accompani-
ment 8 tab and select some
voice on the solo manual such
as Diapason 8.

. Key the accompaniment man-

ual from left to right. All keys
should respond with a diapa-
son tone sounding notes 13
through 61.
solo-to-accompani-
ment 8 tab off and depress the
solo-to-accompaniment 4’ tab.
Leave the Diapason tab on the
solo manual on.

. Key the accompaniment man-

ual from left to right, all keys
should respond with a diapa-
son tone sounding notes 25
through 73.
solo-to-accompani-
ment 4’ tab off and depress the
accompaniment-to-solo 16’ tab
on the solo manual. Turn the
diapason tab on the solo man-
ual off, and select a voice tab
on the accompaniment manual
such as Flute 8'.

. Key the solo manual from left

to right. All keys should re-
spond with a flute tone sound-
ing notes 13 through 61.

Pedal Generator
Depress a pedal voice tab, such

as Major Bass, and key all the
pedals from left to right. Each
pedal should respond, sound-
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ing notes 1 through 25 on
Models 600 and 620 and notes
1 through 18 on Model 610.
2. While holding a pedal note
down, change the voice tabs
from Major Bass to Sub Bass,
and then to Echo Bass. Each
voice should respond in a dif-
ferent character and volume.

Expression Control

The expression-control pedal reg-
ulates the total volume of the organ.
The more this pedal is depressed,
the louder the volume. It is placed
in the over-all circuit, just ahead of
the power amplifier. When up (off),
this pedal diminishes the volume to
its lowest level; and when down, it
gives the full power output of the
organ. Its operation should be free
of mechanical drag and any electri-
cal noise.

Miscellaneous

All organs have some peculiarities
which may be noticeable from time
to time. These are normal charac-
teristics and do not interfere with
the playing of the organ. For exam-
ple, when voice tabs are depressed
while notes are being played, a click
may be heard in the speaker. This is
a normal condition found in most
electronic organs. It can be avoided
by setting the registration (tabs) be-
fore depressing any keys.

Conn’s pedal generator consists of
one master generator which pro-
duces all the pedal notes. Because
only one pedal note can be played
at a time, the organist cannot pro-
duce a discordant tone by depres-
sing more than one pedal key at
the same time.

The pedal division has some
other characteristics which should
be explained. When two keys are
depressed at one time, only the
higher note sounds. If a pedal key
is depressed very slowly, a position
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will be reached where the note is
off key or pitch. This is due to the
mechanics of the pedal switch; it
will not occur during normal play-
ing.

TUNING

Connect the Conn Strobotuner to
the speaker terminals in order to
pick up a signal from the organ.

The tone generators are divided
as follows: solo, 61 notes (keys 25
through 78); accompaniment, 49
notes (keys 13 through 61) and
pedals (note 1 through 25 in Models
600 and 620 and 1 through 18 in
the Model 610). Each manual tone
generator has a separate tuning-nut
adjustment on top of each tone-gen-
erator coil. The coils are grouped
twelve to a chassis (except those for
the highest notes). These coils are
located to the right and left of their
respective tubes and are accessible
from the back. Each one is identi-
fied by a number and a note.

The organ is tuned to the equally
tempered scale, using A440 cps as
the pitch standard. It is tuned to an
approximate zero beat between oc-
taves, from the lowest note to the
highest. Octaves should not be
“stretched” as on a piano because
of the octave couplers used in many
of the registrations.

The coupler keying chart in Fig.
3-6 will clarify the keying and oc-
tave coupling. In this chart, notes
are identified by number and fre-
quency; also shown are the octave
notes brought in by the couplers.

When tuning the organ with the
Strobotuner, follow these steps:

1. Allow the instruments to warm
up for 10 or 15 minutes.

2. Tune the equally tempered
scale of A440 cps.

3. All couplers except Unison
must be off, or up. Be sure the

Unison coupler is on. Other-
wise, no notes will sound on
the manual.

4. Make sure all Tremolo tabs
are off.

5. Turn the tuning nuts clock-
wise to flatten the note, coun-
terclockwise to sharpen it. The
best procedure is to sharpen
the note, and then flatten it
until it is brought into tune.
This takes up any thread play.

Solo Manual

The tone generators for the solo
(upper) manual are located on the
left, facing the back of the organ.
Chassis  57000-3, 57000-4, 57000-5,
57000-6, 57000-7, and 57725-4 are
used for the solo tone generators.
Select one of the solo voices (such
as Diapason), key the manual, and
tune the respective tone generator
coil. Repeat this procedure for each
key on the solo manual, tuning
notes 25 through 73.

The extended octave (notes 73
through 85) are now tuned by turn-
ing off the Unison Off coupler and
turning on the 4’ coupler. Notes 73
through 85 (C7 through C§&) will
now sound when keys 61 through 73
are depressed. (See Fig. 3-6.) The
tuning coil for note 85 (C8) is lo-
cated on Chassis 57725-4.

Accompaniment Manual

The tone generators for the ac-
companiment (lower) manual are
located on the right, facing the
back of the organ. Chassis 57000-2,
57000-3, 57000-4, 57000-5, and 57725-
4 are used for the accompaniment
tone generators. Select one of the
accompaniment voices, key the ac-
companiment keys, and tune the
corresponding tone generator coils.
The coil for note 61 (C6) will be
found on Chassis 57725-4. (There
1s no extended octave for the accom-
paniment manual.)

Pedals

Only two tuning adjustments are
required for the pedal generator.
They are located on Chassis 57725-4.
Select one of the pedal voices (such
as Sub Bass) and depress pedal 7
(F#1). Tune coil 57716. Then de-
press pedal 19 (F#2) and tune coil
57013-4.

Tuning Hints

The Strobotuner is a very sensi-
tive instrument which will detect
practically any deviation in pitch.
However, it is not advisable to tune
any organ to the exact pitch (the
point where the patterns on the
Strobotuner appear stationary) be-
cause the generators themselves will
vary slightly in operation. There-
fore, striving to obtain exact pitch
at all times is impractical. Further-
more, exact tuning destroys, to some
extent, the fine musical qualities of
the organ. Experience has proved
that an instrument held to within
one-fourth to one-half per cent of
perfect pitch receives better cus-
tomer acceptance than one with
perfect pitch.

Any deviations are more notice-
able in the upper than in the lower
registrations. Hence, these octaves
should be given greater attention.
One-fourth per cent of a high-fre-
quency note results in more beats
than the same percentage in the
middle register.

MALFUNCTIONS

Conn organs, like all mechanical
and electrical devices, require occa-
sional adjustments. The following
paragraphs will explain the recom-
mended procedures in case of a mal-
function. Table 382 will aid in
checking the various transformers
and coils.
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TABLE 3-2. TRANSFORMER AND COIL DATA

Coil or Transformer DC Resistance (Ohms) Between Leads
Part No. Black and Red Blue and Red
57018-1 (L & R) 680 2100
57018-2 (L & R) 360 1200
57013-3 (L & R) 200 700
570134 (L & R) 140 420
570136 (L & R) 95 120
57013-8 (L & R) 35 40
56274* 1600 2000
57715 End-to-End — 2200
57716 End-to-End — 2200

* Green to yellow 725 Ohms.

Complete Failure

If the organ is dead, first check
the power-circuit (house) fuse and
then the organ power-supply fuse.
Both may be blown. A dead organ
could also mean a defective ampli-
fier or power tube, an amplifier plug
not making proper connection, or a
defective on-off switch. Needless to
say, any defective fuses, tubes, or
switches must be replaced.

Solo Manual (Upper Keyboard)
Failure

If the solo manual is dead, several
things could be wrong. It is possible
that no keying voltage is being sup-
plied to the coupler keying rods.
If so, look for a broken connection
or dirty contact at the ends of the
keyboards, where the voltage is ap-
plied to the rods. (See the para-
graph, at the end of the chapter,
about access to the keyboard con-
tacts and keying rods.)

A defective tube in the console
power supply or in the preamplifier
chassis, at the right end of each
generator bank, will also kill the
upper keyboard. In addition, watch
out for a bad signal line or con-
nection to the speakers.
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Accompaniment Manual (Lower
Keyboard) Failure

The remedies for a dead accom-
paniment manual are the same as
for the solo manual.

Pedal Failure

Dead pedals mean a defective
12AU7 on Chassis 577254, a faulty
signal line to the amplifier, or a
defective speaker package amplifier.

Note Failures on One or More
Couplers

Note failure on one or more coup-
lers means a 12AU7, or a capacitor
or coil in the generator circuit, is
defective. Another cause is a dirty
key contact (see the paragraph later
on access to the keyboard). NEVER
use abrasives on the silver plating
of the keying rods. If necessary,
the fingers may sometimes be bent
slightly so they contact the rod at
the right or left of the original posi-
tion. Sometimes, it is necessary to
replace the rod or the key switch
assembly.

Pedal Note Failures

When a pedal note is dead, look
for a dirty switch contact under a

pedal key. Also check for a defec-
tive pedal oscillator transformer
(No. 57715, located under the key-
board) or pedal tuning transformer
(No. 57716 or 57013-4 on Chassis
No. 57725-4). If all notes fail, look
for a defective 12AU7 tube on Chas-
sis 57725-4.

Mechanical Noises in the
Pedalboard

If the pedalboard squeaks or
knocks, the screws holding the sharp
crowns or other parts in place may
be loose. Touch the felts at the key
stops. If they feel packed or hard,
replace them.

Notes Not Holding Pitch

When a note varies from its true
pitch, several things may be the
cause. Capacitor Cl in the gener-
ator could be defective, a defective
tube in the generator or a defective
oscillator coil might be the fault,
or there may be resistance in the
keying circuit due to dirty switch
contacts.

The voltage-regulator circuit must
produce a constant 75 volts for the
keying circuit. If not, an off-pitch
note will result. Check the voltage-
regulator tube (OA3) plus the 40-40-
475 and 10-450 filter capacitors.

Noisy or Off-Color Notes

If a note sounds off-color or noisy,
first check capacitors Cl1 and C2.
Then look for a defective coil or
connection in the generator.

Notes Other Than the Ones
Keyed Sounding

One of the most common causes
of the wrong note sounding is a
dirty keying rod. First, clean the
rods under the key that produces
the desired note. If the couplers
are dirty across the insulated por-
tion of the rod, it is possible for a
keying voltage to be obtained via

this conductive dirt, even when the
coupler is off. Extra notes will then
sound, just as if the coupler were
being operated.

When the extra note is of an
entirely different pitch from the one
corresponding to the coupler, con-
ductive material (wire clippings, cor-
rosion, etc.) is shorting out the ad-
jacent keying fingers. This defect
is located most easily with an ohm-
meter. Also look for shorted inter-
connecting wiring in the laced ca-
bles. To remedy, loosen the lacing
and separate the cables. When shorts
occur in the manual keyboard wir-
ing, and loosening and separating
the cables does not disclose the
cause, disconnect the circuit and in-
stall new wires and interconnecting
leads. (The white wires interconnect
the keying fingers to provide the
different note combinations for the
couplers.)

Some or All Flute Notes Fail

When some or all flute notes are
dead, the 12AU7 (V3) on Chassis
57725-4 is defective or an open ex-
ists in the wiring common to the
flute signal.

Some or All String and Reed
Tones Fail

When some or all string and reed
tones are dead, look for a defective
12AU7 (V2) on Chassis 57725-4, or
an open or short in the pulse signal
leads or diapason, string, and reed
voicing circuits.

No Tremolo

When there is no tremolo, the
tremolo generator obviously is not
functioning. The reason may be a
defective 12AU7 or transformer No.
56274. In Model 620, also check the
tremolo amplifier and modulator
Chassis.

49

A¥—




Tab Switches Inoperative

If a tab switch fails, the contacts
are probably dirty and should be
cleaned. (Don’t use abrasives!)

Distorted Notes, or Frying and
Cracking Noises From
the Speaker

Raucous notes or frying and crack-
ing noises from the speaker could
mean a defective tube in the gen-
erator, amplifier, or power supply.
To locate, place all tabs down and
depress the expression pedal all the
way. Then lightly tap each tube
until you find the ones that are
microphonic.

Check all cable connections and
wiring. Look for poor solder con-
nections, particularly in the voice-
coil, signal-line, and DC power cir-
cuits. A harder trouble to find is a
plug connector that has rosin flux
on the prongs or other places which
depend on a good mechanical joint
for electrical conductivity.

Note Sounds Without Being Keyed

A note sounding when no key is
depressed (cipher) is probably caused
by improperly adjusted keying fin-
gers. Another cause is conductive
material (dirt) or worn insulation
on the keying rod.

Abnormal Notes, Especially With
Tremolo

When notes sound abnormal, es-
pecially with tremolo, suspect a de-
fective coil or capacitor in the gen-
erator.

Distorted Notes in a Chord at
Low Volume

Notes in chords may sound dis-
torted at low volume. If so, the
cause is the same as in the previous
paragraph.
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Too Much Volume

When the organ “booms” forth,
the trimmer capacitor in the expres-
sion (volume) control circuit is not
adjusted properly.

Distorted Tones at High Volume

When tones are distorted at high
volume, the gain of the power am-
plifier may be set too high. Also,
check for defective tubes in the
power amplifier, power supply, and
preamplifier.

Key-Switch Tension Adjustment

The key switches should be ad-
justed so the notes begin sounding
when the key is about halfway
down. This position is controlled
by a tab (toward the front of the
key channel) that contacts the key-
switch post. Insert a pointed tool in
the hole in the tab, and carefully
bend the tap up or down as needed.

The keys are tightened in the
same way by means of a second tab
(toward the rear of the key chan-
nel) that contacts the key spring.
All keys are adjusted at the factory
for a tension of approximately three
ounces.

DISASSEMBLY
INSTRUCTIONS

When the back is removed from
the console, all tubes are accessible.
The following instructions will aid
in gaining access to the keyboard
contacts, generator components, and
pedalboard mechanism.

Keyboard Contacts

1. Remove the back panel from
the console.

2. Unfasten the console top
latches (on the front, under
each end).

3. Raise the top of the console
and tilt it to the rest position.

4. Tilt the solo manual keyboard
by lifting slightly at each end
of the keystop rail.

5. Tilt the accompaniment man-
ual by lifting slightly at each
end of the keystop rail, until
the manuals clear this console
trim. Then pull the assembly
forward. This gives enough
clearance at the rear of the
keyboard ends to allow the as-
sembly to be tilted.

Pedalboard Mechanism

1. Remove the console back.

2. Remove the complete amplifier
and power supply by first tak-
ing out the four wood screws
at the end of the chassis.

3. Remove the cable from the
channel, and the bolts at the
base of the console, over the
pedalboard assembly. Then
slide the pedalboard forward.

NOTE: When reinstalling the
amplifier and power supply,
make sure the chassis shield
(metallized paper) lies flat on
the console base. Otherwise,
short circuits may occur under
the chassis.

Generator Components

Each generator chassis is held in
position by four screws. By _loosen-
ing the top two and removing the
bottom two, the chassis can be low-
ered for maintenance.

NOTE: Once the chassis is
loosened from the channel, the
lower edge can be hooked over
the lower-channel edge to hold
it in position for changing
components or for testing.
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Fig. 4-1. The Gulbransen Model B-2 transistor organ.

CHAPTER 4

THE GULBRANSEN
TRANSISTOR ORGAN

The Gulbransen (Models B, C, G, and B-2) electronic spinet
organs employ transistor oscillator tone-generating systems. The
tone generators contain 72 or 84 transistors—one for each available
pitch. Each manual has 44 keys, and the pedal clavier has 13.
Fig. 4-1 is a photograph of the Gulbransen Model B-2 electronic
organ.
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STOP TABLETS AND
CONTROLS

The many voices and effects are
controlled by stop tablets, rotary
switches, and pistons. One group
controls the tone produced by the
upper, or solo, manual; another,
the tones produced by the lower,
or accompaniment, manual; and the
third, the pedal tones. The Tremolo
tablet regulates the tremolo of the
entire organ. The white, or speak-
ing, stops determine the type of
sound produced. A manual will pro-
duce no sound unless at least one
of its associated speaking stops is on.

Accompaniment Manual

Each stop produces a completely
different tone. By using various
combinations of stops, the organist
can produce literally hundreds of

entirely different tone qualities. The
stops for the various models are
given in Chart 4-1.

The Tone Color tablet is har-
monically related to the other stops
in such a manner that playing many
common chords, particularly in the
lower register, can produce a dis-
cordant effect. For this reason, this
stop is to the right of all others,
and the lettering on it is in green
instead of black. When properly
used, however, the Tone Color tab-
let makes possible some extremely
desirable solo voices.

Solo Manual

The upper, or solo, manual speak-
ing stops for the various models are
given in Chart 4-2.

The Diapason, Clarinet, Oboe,
and Glock are combination, or pre-
set, stops made up of several pitches.

CHART 4-1.
Model B Models C and G Model B-2
Flute 8’ Flute 8’ Flute 8’
Flute 4’ Flute 4’ Flute 4
Nazard 224 Nazard 224’ Nazard 224’
Piccolo 2’ Piccolo 2’ Piccolo 2’
Tierce 134 Tierce 134’
Tone color Fife 1’
CHART 4-2.

Model B Model C Model G Model B-2
Bourdon 16’ Bourdon 16’ Bourdon 16’ Bourdon 16’
Tibia 8’ Tibia 8 Tibia 8 Tibia 8
Tibia 4’ Tibia 4’ Tibia 4’ Tibia 4/
Nazard 224’ Nazard 224’ Nazard 224’ Nazard 224
Piccolo 2’ Piccolo 2’ Piccolo 2’ Piccolo 2’
Diapason Tierce 134 Tierce 134 Tierce 134
Obotf Diapason Fife )’
Clarinet Oboe Diapason
Glock Clarinet Oboe
Chimes Glock Clarinet

Glock

Chimes

Quint 514
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These stops are lettered in red. The
Diapason stop is made up of the
Bourdon 16’, Tibia 8, and Tibia 4’
The Clarinet is made up of Tibia 8,
Nazard 224, and Tierce 134’. On the
solo manual of the Model B organs,
the Tierce 1%’ stop cannot be played
separately; it must be brought in
automatically as part of a combi-
nation stop. The Oboe is made by
combining Tibia 4/, Nazard 224,
and Piccolo 2'. The Glock consists of
Bourdon 16, Tibia 4/, and Nazard
134. The Chimes, another of the
speaking stops, produces a unique
tone. This stop will be discussed
later.

Pedals

The intensity, or volume, of the
pedal tones is controlled by the
Pedal Soft, Medium, and Full stops.
Depressing a pedal with all pedal
stops off will still produce a soft
pedal tone. This provides the equiv-
alent of an extra pedal stop tablet:
when no pedal tone is desired, the
foot is merely removed from the
pedal board.

Other Controls

The Omega and Tremolo tablets
are nonspeaking stops. In other
words, they do not produce any
tone. Rather, they modify the ones
produced by the speaking stops.

Omega is the term applied to the
large family of reverberation and
percussion effects. These effects re-
quire long decay periods—in some
instances, up to two seconds or
more. These long decay times are
made possible by the omega unit
and are adjustable by the Omega
control.

The Tremolo stop varies the
pitch and amplitude approximately
seven times a second. The tremolo
effect is obtained by passing the
sound through a special sound chan-
nel which includes a motor-driven

mechanical system that rotates at
about 400 rpm when the Tremolo
tablet is on.

The Timbre switch affects the fre-
quency response of the amplifier.

Chimes

In the Model B, a chime tone is
produced on keys 8 through 32 on
the solo manual when the Chimes
tablet is depressed. The stop tablet
controls the chimes tone quality
only—the decay characteristics are
controlled by the Omega control.

In the Model B-2 organ, the
chimes range covers the entire solo
manual. The Chimes stop is a pre-
set piston which cancels any previ-
ously set stops and the tremolo.
When the Chimes piston is de-
pressed, the solo manual will pro-
duce a chime tone with a long decay
characteristic. If a shorter decay is
desired, two pistons are depressed
simultaneously. For example, if the
Chimes and Percussion Short pis-
tons are depressed at the same time,
the decay time will be percussion
short. When the Chimes piston is
depressed, the Timbre control is
rendered inoperative and a “bright”
organ tone is produced. The organ
can be restored to its previously
set combination by depressing any
other piston. This releases the
Chimes piston.

GENERAL DESCRIPTION

Stop tablets control a group of
switches operated from the playing
keys. These switches permit a num-
ber of harmonically related oscilla-
tors to be sounded from any key.
There is one oscillator for each
pitch. The ones that operate when
a key is played depend on what
stop tablets are in operation.

Fig. 4-2 is a block diagram show-
ing how the main parts of the organ
are associated. The tone generators
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Fig. 4-2. Block diagram

are mounted on 12 printed board
chassis, each containing oscillators
for the six (or seven) octaves of a
note. However, each oscillator is en-
tirely separate from the others and
can be tuned individually.

When a key on one of the man-
uals is depressed and the stop tab-
lets are set for a certain group of
oscillators, approximately 9 volts is
applied through the key switch and
junction channel to the oscillator
circuit. The normally inoperative
oscillator now begins to function.
All tones produced by the tone gen-
erators are absolutely pure, devoid
of any natural harmonics. They are
amplified by a conventional five-
tube amplifier. The amplifier out-
put is converted into sound by a
speaker in a bass-reflex type enclo-
sure (at the right end of the con-
sole). The tremolo motor and ro-
tor are mounted directly below the
speaker enclosure.
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of the Gulbransen organ.

TECHNICAL DESCRIPTION

A more complete discussion of the
various sections of the Gulbransen
organs follows. Operation of the
various circuits and their function
in the over-all operation of the
organ are also discussed.

Tone Generators

All 12 tone-generator chassis are
alike except for the values of the
tuning coils and capacitors and a
few other minor variations. Fig. 4-3
is the schematic for the oscillators
comprising a tone-generator chassis.
Fig. 4-4 shows a rear view of a tone-
generator chassis and the locations
of the various parts.

The cable from the manual sup-
plies a keying voltage, which is ap-
plied to the collector (Fig. 4-3).
Notice that the short cable is for
the solo manual and the long one
is for the accompaniment manual;

the pin numbers on the cable plug
correspond to the octave which is
keyed when a voltage is applied to
that pin.

Perhaps the most important fea-
ture of the transistor oscillators is
that they will remain in perfect
tune, even though the keying volt-
age varies widely. The strength of
the oscillator signal is a function
of the applied keying voltage. The
same oscillator, keyed from one key-
board with a —3 volt potential, will
sound softly; whereas if keyed from
the other keyboard at a potential of
—9 volts, it will produce a much
stronger signal. This keying voltage
depends on the setting of the Bal-
ancer control. Some oscillators can
also be keyed from the pedal board
at a still higher voltage to produce
a very strong signal. This is true for
octaves 1 and 2 in Fig. 4-5. If keyed
from more than one voltage at the
same time, the oscillator will sound
at the loudest level. Diodes in the
keying circuits prevent different
power-supply voltages from being
mixed while keying an oscillator
from two or three different volt-
ages. By conducting current in one
direction only, the diodes keep the
higher voltage from being short-
circuited to the lower one. Most
series keying diodes are on the
tone-generator chassis. In notes C1
through G2, however, the accom-
paniment and pedal diodes are on
the accompaniment junction chan-
nel because they are keyed by the
pedal board as well as by the man-
uals. In Models B-2 and G-1, all
manual keying diodes are located
on the circuit boards of the tone
generator.

Stop Tablets

The stop tablets, when closed, ap-
ply 13 volts to a series of magnets.
The magnets in turn rotate a se-
ries of coupling rods that determine

which oscillator will function when
a key is depressed.

The operation of the stop-tablet
contacts can be clarified by refer-
ring to Fig. 4-6. Stop tablet (601)
pivots on rod (602) and is retained
in either operating position by tog-
gle spring (603). One end of contact
wires (611) is secured in phenolic
printed circuit board (614). Phos-
phor bronze contact plate (610) is
carried by a stop tablet. When the
tablet is operated, the phosphor
bronze plate is brought diagonally
up against contact wires (611), com-
pleting the circuit between the con-
tact wires. In the combination stops
on the solo manual, up to three
wires are shorted together by the
contact plate, as shown at (613).
In the combination stops, the con-
tact plate is “‘pigtailed” (622) to the
13-volt supply so the combined cur-
rent of the three magnets does not
have to travel through one of the
contact wires. Printed circuit board
(614) interconnects the contact wires.
Also attached to it are 330-ohm re-
sistors (615), which are wired across
the stop magnets to suppress arcing
at the stop-tablet switch contacts.
Capacitors (616) and resistors (617)
are used in connection with the
pedal stop tablets.

Manual Key-Switch Assemblies

The key switches connect the volt-
ages to the oscillators as the organ-
ist plays. On the lower (accompani-
ment) manual, six oscillators can be
sounded from a single key. For this
reason, six switch contacts are pro-
vided for each key. This group of
switch contacts is called a key-switch
assembly.

Since the player does not always
want all six tones to sound when a
key is depressed, the switches func-
tion selectively. Fig. 4-7 shows a
manual key-switch assembly. Note
the six insulated rods designated
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TABLE 4-1. TABLE OF ROD ORDER

Model No.

Stop Tablet

B G G B-2

I

Upper Manual (Solo)
Fife 1’
Tierce 134’
Piccolo 2’
Nazard 224’
Tibia 4’
Quint 514’
Humtone 624
Tibia 8
Bourdon 16’

Lower Manual (Accompaniment)
Fife 1’
Tierce 134
Piccolo 2’
Nazard 224’
Flute 4’
Tone Color 514’
Flute 8’
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Fig. 4-4. Tone-generator chassis.

(410) in the illustration. Each insu-
lated rod is grooved, and a silver
conductor or bus bar (411) is in-
serted in the groove. Each key
switch consists of silver bus bar
(411) and the individual contact
wire (412), which touch when a key
is depressed. The keying-voltage
source is connected to the bus bar,
60

and the individual contact wire is
connected (through the junction
channel) to the tone generators.
Note, however, that the insulated
rods can be rotated by magnets
(413), and that contact between the
silver bus bar and the contact wires
can be made only when the rod
carrying the bus bar is rotated into

— Not used in this model.
* Rod does not rotate.

the position of rod (410A) in Fig.
4-6B. These magnets are operated
by approximately 13 volts and con-
trolled by the stop tablets as ex-
plained previously.

In the Model B, the top (Chimes,
or humtone) bus bar in the solo
key-switch assembly does not have
a magnet and is stationary. (The
Keying Current for this rod is
switched on or off at the Chimes
Tablet.) Table 4-1 shows how the
bus bars are arranged for the vari-
ous models. The rods are numbered
from bottom to top. )

Note that the magnets are not in
the same order as the rods. The left-
hand magnet (viewed from the front
of the organ) operates the top rod,
and the next one to the right oper-
ates the third rod from the top.
The magnet arrangement is shown
in Fig. 4-7.

Fig. 4-8 is a complete chart show-
ing the oscillators keyed by each
switch on both manual key-switch
assemblies.

NOTE: Fig. 48 is for the
Model B organ; however, the
oscillators keyed by each switch
for other models can be deter-
mined from Fig. 4-8. The only
difference is that the contact
rod may be in a different row.
(Refer to Table 4-1 to deter-
mine in which row the rod for
a given stop is located in the
other models.)

Junction Channels

A nylon enameled cable connects
the key-switch assembly to a row of
sockets into which the tone-gener-
ator chassis are plugged. These sock-
ets are mounted on a junction chan-
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nel above the pedal board, inside
the organ. There is a separate junc-
tion channel for each of the two
manual key-switch assemblies.

Fig. 4-9 shows the accompaniment-
manual junction channel for the
Models B, C, and G. Note that the
two left-hand sockets accommodate
plugs attached to the pedal key-
switch assemblies cables. The pedal-
resultant diodes and resistors are

@)

L -610

616

PIGTAIL

(B) End view.
Fig. 4-6. Stop-tablet assembly.

grouped around these two sockets.
The other twelve sockets, which re-
ceive the cable plugs from the tone-
generator chassis, connect the ac-
companiment key-switch assembly to
the 12 tone-generator chassis. The
order of the sockets is stamped on
the junction channel and is also
shown in Fig. 4-9.

The diodes attached to the sock-
ets in Fig. 4-9 are the series keying
diodes. Most series-keying diodes are
on the tone-generator chassis, except
the ones keyed from both manuals
and the pedal board, which are on
the accompaniment junction chan-
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nel. The chart in Fig. 4-9 identifies
each of these diodes.

Fig. 4-10 shows the solo-manual
junction channel for the Models B,
C, and G. It is similar to the accom-
paniment junction channel except
for the associated diodes. (All solo-
manual series keying diodes are on
the tone-generator chassis.) Note
that the short tone-generator chassis
cables plug into the solo junction
channel. Refer to Fig. 4-10 and you
will see that all pin 7’s of the solo-
manual junction channel sockets are
connected together to form the sig-
nal collector bus, which is connected
through a shielded cable to the am-
plifier input. Fig. 4-9 also shows that
all pin 7's of the accompaniment
junction channel sockets are at
ground potential. They are con-
nected to the amplifier ground
through a black wire in the control
cable.

The Model B-2 employs similar
junction channels, except the tone
generators have 9-pin plugs and
sockets, and the pedal contact as-
sembly is connected with three 7-
pin plugs and sockets. The 9-pin
sockets accommodate the 7-octave
tone generator, plus sufficient con-
nectors to permit all manual series-
keying diodes to be placed on the
tone-generator circuit boards, with
a separate lead for the pedal key-
ing circuit. The common generator
ground has been moved from pin 7
on the accompaniment sockets to pin
9 of the solo sockets, and the signal
collector bus has been changed to
pin 8 of the solo sockets.

The Pedal Tone System

The - pedal tone system (pedal
clavier) consists of 13 pedals. Its
schematic is given in Fig. 4-11. One
wire associated with each key is the
“feed” contact. It is connected to
a source of oscillator energizing po-
tential which varies between 7.5 and
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18 volts, depending upon the pedal
stop tablets used. When a pedal key
is depressed, a bronze plate connects
the feed wire to the other contact
wire for that pedal. This other con-
tact wire is connected (through the
accompaniment junction channel)
to the associated oscillators. Each
pedal switch turns on two oscilla-
tors, one called the fundamental
and the other the resultant. The re-
sultant oscillator, about one-half oc-
tave higher than the fundamental,
is related to the latter by a musical
fifth. For example, when the lowest
pedal key is played, the CI and GI
oscillators sound. The higher pitch,
however, is keyed through a series
resistor and is thus played at re-
duced volume. Since the difference
in frequency (pitch) between these
two tones is an octave lower than
C1, the illusion is created of a bass
tone one octave lower than is actu-
ally being sounded. Table 4-2 shows
the oscillators keyed by each pedal.
A much better bass is produced
by incorporating strong and very
pure second and third harmonically
related tones. Another element that
contributes to the pedal and bass
tones is the speaker enclosure, which
is a type of bassreflex enclosure.
Hence, the low-frequency response
is improved.
The pedal stop tablets (Fig. 4-11)
control the intensity of the pedal
tones by shorting out series resistors

and thereby changing the voltage
applied to the oscillators. A diode
is also inserted between each pedal
contact and its resultant and funda-
mental oscillators, except for CI,
C#l, D1, D§1, and EI, which func-
tion as pedal fundamentals only.
(These notes do not appear on the
manuals.) Because the diodes con-
duct current in one direction only,
it is possible for a single switch to
key both the fundamental and the
resultant oscillators. The diodes also
prevent the pedal-oscillator feed
voltage from being short circuited
to the manual-oscillator feed voltage
if an oscillator is keyed from a pedal
and a manual key at the same time.

In Models B-2 and G-1, these di-
odes appear on the pedal key switch
circuit board. In other models, they
are on the accompaniment junction
channel.

The Pedal Sustain—There is a
short interval between the time
one pedal key is released and the
next one is depressed. This would
cause an undesirable gap in the
music if a pedal sustain were not
provided to prolong the time the
oscillators sound after the pedal
keys have been released. The pedal
sustain is provided by an additional
capacitor for each pedal key as
shown in Fig. 4-11. The sustain
capacitors are on the circuit board
fastened to the rear of the pedal
limit rail. They are charged when

TABLE 4-2. OSCILLATORS KEYED BY PEDALS

Oscillators Keyed Oscillators Keyed
Pedal | Fundamental | Resultant Pedal | Fundamental | Resultant

Cl Cl Gl G Gl D2
cH c1 G#1 G Gl D§2
11; D1 Al A Al E2
g # D1 Afl Af Af1 F2
: El BI B Bl F42

F1 Cc2 c2 Cc2 G2
Fg Fj1 CH2
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the pedal keys are played. After
the key is released, they discharge
through the oscillator and thus
prolong the tone.

The pedal sustain relay is op-
erated from the 13-volt DC supply
and controlled by the pedal sus-
tain stop tablet. It is adjacent to
the pedal contacts and is wired to
the pedal sustain capacitors.

The Model B-2 pedal sustain

accompaniment manual key-switch
assembly is reduced to —6 and
then to —38 volts; thus, the ac-
companiment is softened and the
solo is maintained at —9 volts
(full volume). Likewise, rotating
the switch counterclockwise reduces
the feed voltage to the solo manual
while maintaining the accompani-
ment manual at full volume. The
—6 and —3 volt potential is ob-

DIODES
OMEGA
CAPACITORS
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circuit is somewhat different, as tained from taps on a voltage-
shown in Fig. 4-12. Note that the divider resistor. Voltage dropping
positive terminals of the pedal resistors are mounted on the switch
sustain capacitors (C1 through C18) in the Model B-2 organ. 3
are connected to ground and the @;g

Omega Unit and Omega Control

As explained previously, Omega
is the name Gulbransen applies to
the reverberation and percussion 0
effects available on their organs.
To simulate these effects, a long
decay period is required. The
Omega unit and control make the
longer decay times possible. On
the Models B and C, this unit is
mounted on the keybed behind
the stop tablets, and is fully ac-
.cessible after the back and top of
the organ have been removed. In
the Models G and B-2, this unit
is mounted under the solo-manual
key-switch assembly, and can be
made accessible by hinging up the
solo manual.

negative terminals are connected
through a low resistance to the
pedal keying terminal. As an oscil-
lator is keyed, the capacitor is
charged. When the keying voltage
is removed, the capacitor discharges
through the oscillator and thus sus-
tains the tone. When no sustain
is desired, the pedal sustain switch
is closed, as shown in Fig. 4-12,
and the capacitor is shunted by a
low-impedance path composed of
diodes D1 through D13 in series
with resistors R5 thru R17.

Pedal tones on the Models C
and G are sustained as in the Model
B (Fig. 4-11), except the sustain
is shorter and is on all the time.

AN

Q

s B FE GaC3ho A

Q

(A) Terminal location.
(B) Component-location.

Az fﬁ Ca C3 D5 DX

Balancer Control

As mentioned previously, the
feed voltage applied to the key-
switch assembly for each manual
is adjustable. This permits the
tones to be played at a higher (or
lower) volume on one manual than
on the other. When the balancer
switch is in the center, both the
solo and the accompaniment key-
switch assemblies are connected to
the —9-volt terminal of the oscilla-
tor power supply. As a result, both
manuals sound at the same vol-
ume. When the control is rotated
clockwise, the feed voltage to the
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The omega unit contains a ca-
pacitor for each oscillator, from
C2 through B6 or B7. Two views
of the omega unit are given in Fig.
4-13. In the Model B, each of the
60 capacitors is placed in operation
by a 60-contact gang switch “kicked
in” by a solenoid when the Omega
tablet is on. The omega capaci-
tors, in parallel with the solo-
manual key switches, are short-
circuited and discharged when an
oscillator is keyed. When the key
is released, the capacitor charges
through the oscillator. Therefore,
oscillation continues until the ca-
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Fig. 4-13. Omega unit.
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i; SOLO % OMEGA SWITCH (ONE
¢ KEYING CONTACT OF)GANG
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90-280 o
MFD
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% MODEL B ONLY
(ALL OTHER MODELS
WIRED DIRECT.)

SNUBBING BUS (903)-POTENTIAL
VARIES BETWEEN -9 AND +3 VOLTS
DEPENDING ON POSITION OF

OMEGA CONTROL SWITCH.

Fig. 4-14. Omega circuit for a single key.

citor is fully charged. Because of
the isolating action of the diodes
in series with the oscillator keying
terminals, the omega unit functions
on the upper (solo) manual only.

Fig. 4-14 is a schematic of the
circuit for one note of the omega
unit. In parallel with the oscillator
circuit and associated with each
omega capacitor is an alternate
charging circuit consisting of a
resistor (901) and a diode (902).
Called the snubbing circuit, it con-
trols the decay time by allowing the
omega capacitor to charge more
quickly than would be possible if
the charging curent had to come
through the oscillator circuit. The
snubbing circuit can be adjusted
to provide a decay period ranging
from a fraction of a second to ap-
proximately two seconds.

The snubbing circuit for each
note is connected to a bus (903)
which is charged with different po-
tentials, depending on the position
of the Omega switch. The voltage
at point (904) must always be be-
tween —9 and 0 volts.
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If —9 volts is connected to the
snubbing bus, the voltage across
the diode can never be of a polarity
which' will cause the diode to con-
duct. Hence, the omega capacitor
can charge only through the oscil-
lator circuit, and it will take, let
us say, two seconds. However, if the
voltage on the snubbing bus is re-
duced to zero or a small positive
value, the polarity of the diode
voltage will be reversed. The diode
will be, in effect, a low-resistance
conductor; thus, the omega capaci-
tor will charge not only through
the oscillator circuit, but also
through the diode and the 1,000-
ohm resistor. This allows the ca-
pacitor to charge very quickly, re-
sulting in a correspondingly short
decay time. If the voltage on the
snubbing bus is less than —9 volts,
the polarity of the diode voltage
will reverse during the decay period,
and the snubbing action will be
effective for only a portion of the
decay time. This results in an inter-
mediate decay time and also creates
a decay characteristic similar to

TABLE 4-3. SNUBBING-BUS VOLTAGES

Position of Snubbing-Bus Voltage

Omega Second | Third | Fourth | Fifth Sixth

Control Octave | Octave | Octave | Octave | Octave
Percussion Long () Mo -9 ) Al
Percussion Medium* pus, | B | e | —1 =
Percussion Short 0 0 0 0 0
Chimes 249 0 g 1.9 L9
Reverberation Short +3 3 +3 +3 +3
Reverberation Medium* +1 +.1 -1 +1 +1
Reverberation Long 0 0 0 0 0
Piano* 1% fes | ) | 0 +1
Omega Offf +4.1 +4.1 gl Lbe A +4.1

* Model B only.
+ Models C, G, and B-2.

that of chime bars or the like with
felt dampers.

Table 4-3 shows the snubbing-bus
voltages for the different positions
of the Omega control. The snub-
bing bus is actually divided into
five l-octave sections. For most posi-
tions, these sections are connected
together. However, for the Piano
position they are separated and a
different snubbing voltage is applied
to each. The decay time varies from
octave to octave, being long for the
lower octaves, and becoming pro-
gressively shorter for the upper
ones. In this manner, the organ can
simulate the decay characteristics
of the piano and other instruments
with a similar scale.

The 22-ohm resistor in series with
the omega capacitor (Fig. 4-14) pre-
vents sparking when the capacitor
is discharged by the closing of a
key switch. The 6.8K resistor keeps
the omega capacitors charged when
the Omega switch is open.

The omega unit on the Model C
differs from that of the Model B
in that there is no gang switch on
the omega unit, and the unit is
plugged into a channel behind the
lower manual. This means the
omega unit is connected at all times,

with respect to the gang switch de-
scribed for the Model B. However,
the unit is overridden by the snub-
bing voltage (+3 volts) applied to
bus (903) when the control switch
is off.

Model C uses pin 7, 8, and 9
of the plug nearest the unit to
supply voltage to the snubbing bus
(903). This voltage, selected by the
Omega switch, is —9 (pin 7) for
the Percussion, zero (pin 8) for the
Reverberation, and +3 (pin 9) for
the Off positions.

The omega units for Models
B-2 and G are underneath the solo
key switch channel. They are con-
nected to the keying terminals by
black (octaves 5 through 7) and yel-
low (octaves 2 through 4) wires.
One end of each wire is soldered
to the key switch terminals. The
other end is terminated with a
board edge connector which can be
unplugged for testing each circuit.

The circuitry in these units is
similar to that in the Model C—
the capacitors are normally charged,
and closing a solo key switch dis-
charges the capacitor. When the
key is released, the oscillator con-
tinues to sound until the capacitor
is charged.
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The charging time can be de-
creased by changing the DC volt-
age applied to the snubbing bus
from —9 to +4 volts. In the Models
B, C, and G, this voltage is selected
by a rotary switch, and in the Model
B-2, by depressing one of the Omega
pistons under the solo manual key-
board. These pistons control the
effects created by the omega unit,
and also the chimes. There are six
in all. Beginning at the left, they
are the Omega Off, Reverberation
Short, Reverberation Long, Percus-
sion Short, Percussion Long, and
Chimes Solo. These switch assem-
blies, which are latching-type push
buttons, can be viewed by lifting
the solo manual.

Depressing the Omega Off piston
connects +4.1 volts to the omega
snubbing bus (Fig. 4-14) giving the
solo manual a normal decay. De-
pressing any other piston releases
the Omega Off piston and changes
the snubbing voltage, thereby
lengthening the decay time. In a
few early Model B-2 organs, the
Percussion Long piston, in addition
to conecting —9 volts to the snub-
bing bus, activated the tremolo
relay to stop the rotor.

All pistons can be released by
pushing a piston in about half way
and then releasing it. When no
piston is down, —9 volts is con-
nected to the omega snubbing bus.
As a result, the upper manual will
have a long decay time.

The Omega unit for the Model
G organ was shown in Fig. 4-13.
The circuits are in groups of
twelve; each group corresponding
to one octave of oscillators. The
left front group (viewed from the
front of the organ with the Solo
manual hinged up) is associated with
octave 2; the center front group,
with octave 3; the right front group,
with octave 4; the left rear group,
with octave 5; the center rear, with
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octave 6; and the right rear, with
octave 7 (Model B-2 only). In all
groups, the first note on the left
is C and the last one on the right
is B.

Chimes Circuits

Chime and bell tones (unlike
other musical instruments) contain
pitches or partials that are not
strictly harmonically related. The
reason is that the sound vibrations
are set up in metal bodies which
vibrate in more than one direction.

A typical chime tone contains
a series of harmonically related
partials, together with another
somewhat lower tone called the
humtone. The organ chime tone
is synthesized by sounding four
oscillators from each key through-
out the range of the Chimes stop
(Notes 8 through 32). Table 4-4
gives the oscillators sounded for
each key. Three of the pitches are
harmonically related; they are pro-
duced by the 4’ Tibia, 234’ Nazard,
and 2’ Piccolo stops. A fourth oscil-
lator supplies a pitch eight semi-
tones lower than the 4 Tibia,
called the humtone.

Fig. 4-15 shows the operation of
the chimes stop. The Chimes tablet
operates a compound switch. One
section has three poles which (when
the Chimes tablet is operated) con-
nect 13 volts from the magnet sup-
ply to Tibia 4, Nazard 233, and
Piccolo 2’ stop magnets and thus
activates these stops. The other
section feeds the voltage (—3, —6,
or —9 volts, depending on the Bal-
ancer switch setting) from the solo-
manual oscillator to the chimes
contact bus (the stationary top bus
bar in the solo-manual key switch
assembly). When the Chimes tablet
is on, playing a key within the
range of the chimes stop will sound
Tibia 4/, Nazard 224, and Piccolo
2’ in the usual fashion. In addition,

TABLE 4-4. OSCILLATORS KEYED FOR CHIME NOTES

1st Partial 2nd Partial 3rd Partial
Key (Tibia 4) (Nazard 224) (Piccolo 2) Humtone
8 c4 G4 c5 E3
9 Cp4 Gy ct5 F38
10 D4 A4 D5 F§3
11 D4 Afd Dg5 G3
12 E4 B4 E5 G#3
13 F4 c5 F5 A3
14 F4 C#5 F#5 A#3
15 G4 D5 G5 B3
16 G4 D5 G5 c4
17 A4 E5 A5 CH4
18 A4 F5 A#5 D4
19 B4 F#5 B5 D4
20 cs G5 C6 E4
21 ('] G#5 C#6 F4
22 D5 A5 D6 Fi4
23 Df5 Af5 D6 G4
24 E5 B5 E6 G4
\ 925 F5 c6 F6 A4
- F45 C6 Fj6 At
27 G5 D6 G6 B4
i G5 D#6 G#6 cs
o = E6 A6 cis
= A5 F6 A#6 D5
¢: o Ff6 B6 D§5
32 C6 G6 c6 E5

the humtone oscillator will be
energized through the chimes con-
tact bus, contact, and diode.

In the Model B, the chimes diodes
prevent voltage from being fed to
the chimes contact bus when the
Chimes tablet is off. The chimes
diodes, on the back of the solo-
manual key switch asembly, are
wired from the chimes contact ter-
minal to a tie-point terminal con-
nected to the humtone oscillator.

In the Model B, the Chimes
tablet sets up the tone quality
only; the decay characteristics are
determined by the Omega control.

In the Model B-2, the Chimes
control is a preset piston and the
range has been increased to cover
the. entire solo manual. This
Chimes piston cancels any prev-

iously set stops on the solo manual,
and in some early models, also stops
the tremolo. Depressing the chimes
piston sets the solo manual for
chimes, with a decay characteristic
of Percussion Long. However, for
a shorter decay, (such as for a
damped chime), two pistons are
depresed simultaneously.

The Timbre switch is inoperative
when the Chimes piston is depressed,
giving a “bright” organ tone.

Amplifier and Power Supply

The amplifier and power supply
(shown schematically for the Model
B in Fig. 4-16) are mounted on the
same chassis, directly above the
speaker enclosure.

The Amplifier Circuit—The con-
ventional amplifier circuit has a
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CHIME STOP TABLET

OPERATES ALL FOUR TO HUMTONE
/ SWITCHES OSCILLATOR
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Fig. 4-15. Operation of a chimes stop.

12AX7 first audio amplifier and a
12AU7 second audio amplifier and
phase inverter. Two- 6L6GB tubes
form the push-pull output stage.
The maximum volume control (a
potentiometer in the input circuit
of the first audio amplifier) is ad-
justable from the top of the am-
plifier chassis. It should be set so
that, with all stops on, the expres-
sion control wide open, and the
Balancer on full, the amplifier will
not overload and cause distortion.
This control setting will be about
twenty per cent lower than maxi-
mum. When the organ is to be
played in a small room, it is desir-
able to further limit the maximum
volume. In this way, the full range
of the expression control can be
utilized without making the organ
too loud for its environment.

The amplifier is conventional ex-
cept for the expression control,
which is a patented circuit using
voltage-sensitive resistors called Var-
istors (abbreviated VSR on the sche-
matic in Fig. 4-16). Varistors, which
are made of specially prepared sili-
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con carbide, have the property of
varying their resistances with the ap-
plied voltage. Even with a low DC
voltage (such as 30 or 40 volts) this
resistance change is substantial. The
volume is controlled by the Varis-
tors, which form part of an audio-
frequency voltage divider inserted
between the first- and second-am-
plifier stages.

A DC voltage, regulated by the
expression control, is applied to the
Varistors in order to change their

resistance and thereby control the -

signal attenuation through the volt-
age divider.

Stated another way, the amplifier
gain is controlled by varying the
resistance of one section of a series
divider. In Fig. 4-16 the series di-
vider consists of resistor (313), ca-
pacitor (301), and the parallel com-
bination of the two Varistors. [It is
a parallel combination because one
Varistor is grounded and one termi-
nal of the other Varistor is at ground
potential for signal voltages because
of bypass capacitor (306).] When the
input to the following stage is con-
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Fig. 4-16. Amplifier in power-supply circuit for the Model B organ.

81



nected at point (315), a reduced
Varistor resistance also reduces the
level of the signal fed to the follow-
ing amplifier. Capacitor (301), which
provides bass compensation, has a
very low impedance across it at me-
dium and high frequencies. At low
frequencies, however, the impedance
(and hence, the gain) goes up, re-
sulting in bass boost when the ex-
pression control is in the “soft”
position. A DC voltage is applied
to the expression control from the
DC voltage divider consisting of re-
sistors (311) and (312). The expres-
sion control shunts different resist-
ance values from this point to
ground. As a result, the voltage
here varies from zero at full to
about 150 volts at soft volume. A
jumper in the expression-control
plug connects this voltage to pin 2
of the expression-control socket.
The DC voltage is applied through
resistors (309) and (307), and then
through the Varistors in series.

Resistors (307) and (309), together
with capacitors (306), (308), and
(310), filter the DC voltages and re-
move any irregularities which might
otherwise reach the signal paths.
Since the contact resistance of this
control is not directly in the audio
circuit, its leads need no shielding.

The amplifier circuits in the other
models are similar to the one in Fig.
4-16. Models C and G have a 12AU7
first- and second-audio amplifier, a
12AU7 phase inverter, two EL84 or
6BQ5 power-output tubes, and an
EZ81 or 6CA4 rectifier. Model B-2
has a 12AU7 first-audio amplifier, a
12AU7 second-audio amplifier and
phase inverter, two 6L6GC power-
output tubes, and a 5U4GB recti-
fier.

The Power Supply—In addition
to the one for the amplifier, there
are three other power supplies. One
furnishes 13 volts DC for the key-
switch assembly, pedal sustain and
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omega magnets, the tremolo relay,
and the motor braking. It is a full-
wave rectifier circuit using 4” X 4”
selenium plates (SR1 in Fig. 4-16).
The voltage will vary from eleven
to sixteen volts, depending on how
many magnets are energized. Two
1500-mfd electrolytic filter capaci-
tors prevent magnet hum or chat-
ter. The output appears across ter-
minals 2 and 9 of the control-cable
socket. NOTE: Measure this volt-
age across the above-numbered ter-
minals or across the energized mag-
net only.

Another power supply produces
most of the DC voltages for ener-
gizing the oscillators. Its full-wave,
two-plate selenium rectifier uses 2”
X 2" cells (SR2 in Fig. 4-16). The
approximately 12 volts DC appears
across terminals 2 and 7 of the con-
trol-cable socket, then across the
voltage-divider resistor (mounted be-
hind the wood block containing the
on-off switch and Omega control).

[ O)BLACK GROUND
[O) YELLOW -V
[O)GREEN -3V

| O) RED +3V
["O) ORANGE + IV

[ O)BLUE -6V
Iﬂj))wumz -9V

i

Fig. 4-17. Voltage-divider resistor in os-
cillator power supply.

This divider resistor and the volt-
age at each of the seven taps are
shown in Fig. 4-17. The —3, —6,
and —9 volts are connected to the
Balancer switch, which determines
the voltage applied to each of the
two manual key-switch assemblies.
In addition, all of the available
voltages are connected to the Omega
switch.

To balance the organ musically,
the pedal tones must be keyed at a
higher voltage (and therefore a
louder volume) than the manual

tones. This —21 volts for the pedal
supply appears on pin 1 of the
control-cable socket. From here, it
is connected, through the pedal stop
tablets, to the pedal board feed.
In earlier Model B organs, the
__921 volts is obtained as shown in
Fig. 4-16. The output of a half-wave
rectifier is connected in series with
a portion of the output voltage of
the —12 volt supply. A selenium
rectifier (SR3) delivers approxi-
mately —12 volts across a filter ca-
pacitor (300 on the schematic). This
yoltage is in series with the poten-
tial across the voltage-divider resis-
tor, between ground and —9 volts.
The two voltages add up to —21

volts. In later Model B organs, the

—21 volts is derived from the —13-
volt magnet potential in series with
the —9 volt oscillator-keying poten-
tial.

In the Models C and G, the power
supplies are identical to those of the
later Model B organs.

The magnet power supply in the
Model B-2 is identical to the one
in the Model B. The oscillator
power supply consists of two silicon
rectifiers connected for a positive
output (with respect to the common
terminal). It should be noted that
the center tap of the power trans-
former is at —9 volts with respect
to chassis ground.

The omega snubbing voltage is
derived similarly, except from a
different pair of taps from the
transformer.

The pedal keying-voltage supply
for the Model B-2 is obtained by
combining the magnet supply in
series with the oscillator-keying
supply.

The three low-voltage power-sup-
Ply circuits are unusual in that they
share a common transformer sec-
ondary winding. For this reason, the
circuits have points in common,
which means all power supplies

must be measured with respect to
the proper reference point. For ex-
ample, in Models B and C, pins 2,
4, and b of the control cable-socket
(Fig. 4-16) are tied together; this
point is the —9 volt terminal of the
oscillator power supply—and also
the positive terminal of the 13-volt
magnet supply.

Voltage Measurements—The DC
voltages in Fig. 4-16 should all be
measured with respect to ground.
When checking the amplifier, don’t
forget the normal variations due to
differences in the VI'VM, line volt-
age, parts tolerances, etc. These
measurements are made with all
stops off and the expression control
disconnected from the amplifier or
fully on.

The control-cable socket varies in
the different models. Models B and
C have a 14-pin, and Models B-2
and G a 12-pin socket. Fig. 4-18
shows the voltages and functions
appearing on the socket for the
Models B and C, and Fig. 4-19, the
same information for Models B-2
and G. All voltages are approximate
and are measured to ground with
the control cable in the socket. The
speaker and master control cable
must be connected, or the amplifier
will not operate.

Timbre Switch —The Timbre
switch affects the frequency response
of the amplifier in the Models B
and C by shunting various resistor
or resistor-capacitor networks from
pin 10 of the control-cable socket
to ground. The resistors and capaci-
tors are attached to the Timbre
switch at the left of the lower, or
accompaniment, manual. (In the
Model G, this connection is at the
input cable.) In the Model “B-2”,
the Timbre control is routed
through the Chimes piston. When
the piston is depressed, the Timbre
switch is disconnected and a “‘bright”
timbre results. The Timbre control
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(B) Voltages present on socket termi-
nals.

Fig. 4-18. Control-cable socket for
Models B and C.
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is operative when the chimes piston
is not depressed.

Tremolo Relay—The tremolo mo-
tor runs only when the Tremolo
tablet is on. When the tablet is off,
approximately 13 volts DC is ap-
plied to the tremolo motor for brak-
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I____ TREMO
SPEAKER ENCLOSURE
TREMOLO RELAY
IN AMPLIFIER
SPEAKER
5MFD
600V
OIL MOTOR AS TREMOLO
INSTRUCTED ROTOR Pﬂlﬁﬂ‘v
117 SECURED TO
ELLE L TREMOLO ROTOR WITH
T3VDC BRAKE MOTOR 2 SCREWS.
DO NOT OIL
THESE BEARINGS.

Fig. 4-20. Tremolo circuit.

ing. The Tremolo tablet operates a
relay (in the amplifier and power
supply chassis; see Fig. 4-20) which
switches the motor between the 117-
volt AC “run” position and the
18-volt DC brake supply. This
power is fed to the motor through
an outlet on the back of the am-
plifier. Make sure the motor is
plugged into the outlet marked
“tremolo.” If it is plugged into the
“utility” outlet, the motor will run
all the time and cannot be con-
trolled by the Tremolo tablet.

If the amplifier chassis is handled
roughly, the tremolo DPDT relay
contacts may become bent. This can
prevent the tremolo from operating
properly, or else cause clicks in the
speaker when the Tremolo tablet is
on. Both movable contacts should
break from one set of stator con-
tacts before either one makes with
its other stator contact.

A 0.5-mfd capacitor across the
tremolo-motor  socket  suppresses
clicks which would otherwise de-
velop when the DC braking volt-
age is applied to the motor. A 330-

ohm resistor (on the printed circuit
board for the solo-manual stop tab-
let assembly) is wired across the
tremolo relay magnet coil to pre-
vent clicks from this source.

SERVICING THE
GULBRANSEN ORGAN

The Gulbransen organ should
present few servicing difficulties to
the technician. Fundamentally, it
consists of either 72 or 84 audio
oscillators which produce either six
or seven octaves of tones. The
proper tones are selected by the
key-switch assemblies. The oscillator
output is amplified by the amplifier
and applied to the speaker.

The possible causes for a particu-
lar trouble can be determined by
referring to the block diagram in
Fig. 4-2. For instance, a completely
dead organ would be caused by fail-
ure of the amplifier or power-supply
stage. Likewise, if the tones on one
manual cannot be softened with re-
spect to the other, look for a defect
in the balancer-switch circuit.
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Dead Notes

A note is considered dead if there
is no sound when a single stop tab-
let is on and a key is depressed. A
dead note may be due to dirty or
faulty contacts, broken or poor sol-
der connections, open or shorted di-
odes, loose pins in the junction
channel sockets, broken wires, poorly
adjusted lifter brackets, or dead os-
cillators. To isolate the trouble, pro-
ceed as follows:

1. Turn the organ on, and turn
off all stops on the lower and
upper manuals except Bour-
don 16". (This includes turning
the Omega tablet off and stop-
ping the tremolo.)

2. Run the chromatic scale, and
note any silent keys.

3. Repeat this procedure, using
only the Tibia 8, then only
the Tibia 4, etc.

4. Again repeat this procedure
for the lower manual, using
only one stop at a time, and
note any silent keys.

5. See Fig. 4-8 to correlate this
information.

The following cases are typical
examples of dead notes. Suppose
you get no sound when only Tibia
8 is turned on and the first C key
is depressed, but you do when the
16’ stop is on and the second C
is depressed. Referring to Fig. 4-8,
you will note that the pitch pro-
duced by depressing the second D
while using only the 16’ stop is the
same as the one for the first C with
only the 8’ stop. Therefore, the fact
that this pitch is available at only
one point on the same manual
would indicate a faulty contact,
poor soldering, or a broken wire.
On the upper (solo) manual, you
can determine if a wire is broken
by turning on the omega unit and
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setting the omega switch for Per-
cussion Long. If the second C has
percussion on the 16’ stop, no wires
are broken. The dead note on the
8 stop is then probably due to a
dirty key contact or a poor solder
connection. The exceptions would
be pitches FI through B1, which are
not controlled by the omega unit.
Removing the top of the organ and
inspecting the contact and solder
connection associated with the first
C in the 8" row will probably reveal
the trouble. To correct, simply make
certain the contact is clean, the wire
is adjusted correctly, or the solder
joint is secure. Usually the latter
can be done by heating the Malco
pin onto which the contact wire is
soldered. (Note: Use very little sol-
der in this or any solder work.)

Lifter-Bracket Adjustment—If no
note sounds when a key is depressed
and one or more stop tablets are on,
the lifter bracket is not adjusted
properly or the key-switch contact
wires are bent. The remedy will be
given later in this chapter.

Open Diode—A diode is open
when, on the upper manual . . .

third 4 is dead when only 4’
tibia is on,

fourth 4 is dead when only &
tibia is on,

second D is dead when only
224’ is on,

second 4 is dead when only 2’
is on, and

all notes are normal on the
lower manual.

According to Fig. 4-8, A5 should
be produced each time in the fore-
going example. Fig. 4-21 shows how
the solo-manual diodes are arranged
on the tone-generator circuit boards.
To make certain the trouble is the
tone-generator diode, unplug the
generator in question, in this in-
stance 4, and plug the adjacent
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tone generator (Df or E) into the
A4 socket. If the keys now produce
sound, the possibility of a broken
wire or poor solder connection is
eliminated. Therefore, the trouble
must be in the diode.

There are two diodes in the fifth-
octave circuit. When you hold the
tone-generator circuit board so the
transistors are nearest you and the
parts are on top, the solo diodes are
on the left and the accompaniment
diodes are on the right. We are in-
terested in removing the solo, or
left, diode. This we do by heating
the solder on the back of the board,
prying the diode up, and pulling
the leads through the holes. (Do not
apply too much heat or pressure, or
you will separate the copper from
the phenolic.

You can reverse this procedure to
find the dead notes on the lower
manual. Thus, the accompaniment
diode would be open when, on the
lower manual . . .

third £ is dead when only the
8’ stop is on,

third 4 is dead when only the
Tone Color is on,

second E is dead when only the
4’ Flute is on,

second A4 is dead when only
224’ is on,

first C is dead when only 134
is on, and

all notes are normal on the
upper manual.

Note that diodes FI through G2 for
the accompaniment manual are on
the accompaniment junction chan-
nel, not the tone-generator circuit
boards. (See Fig. 4-9.)

Dead Oscillator

The oscillator is dead when, on
the lower manual . . .
fourth G is dead when only 8
is on,
third C is dead when only the
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Tone Color is on,

third G is dead when only 4
is on,

second C is dead when only
224’ is on,

second G is dead when only 2’
is on,

first D¢ is dead when only 134’
ison, and . . .

when on the upper manual . . .
fourth G is dead when only

16’ is on,

third G is dead when only &
is on,

second G is dead when only 4
is on,

first C is dead when only 23’
is on.

Fig. 4-8 shows that all these notes
have the same pitch—G#. Although
the indication here is a dead oscil-
lator, it is possible that both the
solo and the accompaniment diodes
are open or a wire is broken.

Dead oscillators may be caused by
a broken tuning slug or coil lead,
an open or shorted coil or base ca-
pacitor, a shorted collector capaci-
tor, or a bad transistor. The most
frequent causes are open or shorted
base and shorted collector capaci-
tors.

Current readings will prove help-
ful. First, connect a milliammeter in
series with the keying supply by re-
moving the lead (from the Balancer
switch) at the end of the rod sup-
port plate, at the left of the key-
switch assembly in Fig. 4-7. Normal
current drawn by one oscillator is
approximately 4.2 mils 209, (with
a single stop tablet on and a key
depressed). Great variations indicate
a bad oscillator. An extremely low
reading of about 0.2 to 0.3 mil indi-
cates a shorted base capacitor, and
a high reading of 20 or 30 mils, an
open base capacitor. Still higher

readings indicate a shorted collector

capacitor (also accompanied by a
"popping" sound from the speaker
when the dead note is keyed). An
open base capacitor is more com-
mon than a shorted one. The sus-
pected unit can be jumpered with a
good one for a positive check. If the
oscillator now sounds, the capacitor
is definitely defective.

Open coils rarely occur, and then,
they are almost always due to a
broken wire at the lug to which
the white wire is attached. To re-
pair, unwrap a turn and resolder
it to the lug. Considerable heat is
required to melt the nylon insu-
lation on the wire. Be careful not
to let excess solder flow down over
the outer layer of wire on the coil
and short it. The resistance of these
coils ranges from approximately
eight ohms in octave 6 to nearly
400 ohms in octave 1. The resist-
ance measured from ground to tap
should be approximately 60%, of
the total.

The best way to check a transistor
is by substitution. If you are unable
to repair a dead oscillator, return
it to the factory.

Loud, High-Pitched Noise or Squeal

If a tuning capacitor (Fig. 4-5)
opens or is disconnected, the oscil-
lator will produce a loud squeal or
an intermittent rasping sound. In
fact, any weird sounds almost always
mean an open or dsiconnected tun-
ing capacitor (unless you try to play
the organ when the omega tablet
is on and the omega unit is not
plugged in).

Other unusual cross couplings be-
tween notes, when the Omega tablet
is on, could mean the capacitors or
other parts in the omega unit are
shorted together or to the metal
omega-unit support. This metal sup-
porting structure should be floating
—that is, not connected to the elec-
trical circuit in any way.

Erratic Expression Control—The
expression control consists of a se-
ries of resistors connected to con-
tacts which are selectively shorted
out by the control to vary its resist-
ance. The expression control cannot
introduce noise or static in the mu-
sic. However, misaligned or bent
contacts can cause the volume to
“jump” as the expression control is
operated.

Vibration, Buzzes, or Rattles

When the organ is played loudl)f,
it produces a great deal of accousti-
cal power. This is even truer for the
pedal tones. Also, the sustame'd.na-
ture of its tones makes conditions
ripe for sympathetic vibrations to be
set up. Sometimes these rattles or
buzzes are due to a vibrating part
in the organ case. Frequently, how-
ever, they are caused by something
not in or attached to the organ, such
as doors, windows, Venetian blinds,
or lighting fixtures. Always check
the tightness of the removable pan-
els by playing each pedal note at
full volume. The front panel must
be secure because proper operation
of the speaker enclosure demands
that the closure be airtight. Also
look out for loose screws and wash-
ers or other hardware. They can be
quite noisy when they set up a sym-
pathetic vibration.

Standing Waves

Occasionally a customer will com-
plain of a weak or “off-color” note
(usually a pedal note). Because of
their long wavelengths, low-pitched
tones are reflected from the walls
and ceiling in such a way that some
will be louder in one part of the
room than in another. This is a na-
tural phenomenon which takes place
regardless of how the tones are pro-
duced. If a note cancels out near the
organist’s ears, the result will be
quite annoying. The only cure is to
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move the organ a few feet to alter
the standing-wave pattern slightly.

This phenomenon is not very
troublesome in the middle and
higher pitches because their wave-
lengths are short enough that, even
if one ear is in a dead spot, the
other one will pick up the sound.

Ciphers

A cipher is a tone that is pro-
duced when no keys are depressed.
It can be caused by a sticking key
or contact lifter, a poorly adjusted
contact wire, or a shorted or leaky
omega diode or capacitor.

To isolate a cipher, turn the or-
gan on and allow the amplifier to
warm up. With all the lower stops
off and the tremolo stopped, turn
on only the Bourdon 16’ stop and
listen for ciphers. Repeat this pro-
cedure for each stop, up to Piccolo
2’, and for each stop on the lower
manual.

The Model B 134" magnet on the
upper manual can be operated by
hand, or in combination with other
magnets, when either the Glock or
Clarinet stop is turned on. The
humtone bus can be energized sep-
arately by jumpering from the lug
at the end to the metal end plate
of the upper manual.

If a cipher is noted, depress each
key on the manual concerned until
the pitch produced by the depressed
key matches the pitch of the cipher.
The cause of the cipher, then, is a
contact wire that is touching its re-
spective bus at all times. This wire
is located in the vertical row of
wires directly behind its respective
key. The key, lifter bracket, contact
lifter, or contact wire must then be
adjusted. Visual inspection will de-
termine the culprit.

Shorted or leaky omega diodes or
capacitors will also cause a cipher.
To check, turn on the Omega tab-
let only, and place the Omega
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switch in Percussion Long. If you
hear a cipher, one of the capacitors
on the omega-unit board is leaky
or shorted.

To determine which diode or ca-
pacitor is the offender, gently push
back the contact wires, one by one,
from the contact pins on the circuit
boards. The moment the cipher
stops, the diode or capacitor associ-
ated with the contact wire just
pushed back is at fault and should
be replaced.

If the cipher occurs only on per-
cussion, the associated diode should
be changed. If it also occurs on
reverberation, the associated capaci-
tor is shorted or leaky. The cipher
should cease when this part is re-
moved. Replace with the correct
value of capacitor. When removing
a part from the circuit boards, leave
enough of the old lead so the new
part can be spliced in easily.

ADJUSTMENTS

Ordinarily the organ requires no
further adjustment after it leaves
the factory. However, information
is provided for those rare instances
when, because of damage or other
causes, adjustment is necessary. Be-
fore attempting any adjustments, be
absolutely sure you understand the
operation of the various parts, and
then proceed with caution.

Key Switches

If any key switch fails to operate,
in all probability a piece of dust or
dirt has lodged on a bus bar. This
can be easily cleared up by holding
the key down and operating the
stop tablet in question several times.
The rotation of the bus bar causes
a sliding or nubbing action that
cleans the contact. In a new organ,
an occasional contact may seem
dirty because a small quantity of
rosin has been deposited on the bus

par as a result of the dip-soldering
rocess used in assembly. These con-
tacts can be cleaned very easily by
the process just mentioned, and
once cleaned, will not give further
trouble.

NOTE: Do not use chemical
contact cleaners because they
will leave a film which attracts
dust or dirt, nor carbon tetra-
chloride, because it will leave
an oxide film.

If a series of notes on the same
stop do not operate, or if, when
the keys are depressed, notes sound
with no stops on, examine the rod
rotation to make sure the “on” and
“off” positions are as shown in Fig.
4-7. Rod (410A) is shown in the
“on” position, and rods (410)-,.in
the “off” positions. If the position
of a rod is not correct, turn ad-
justing screw (414) until it is. Be
particularly careful about the on
position because it is the more criti-
cal one. The “off” position is satis-
factory as long as no notes can be
played with all stops off.

Springs (415) return the rod§ to
the “off” position. These springs
should not be so weak they prevent
the rod from returning fully, nor
so strong they prevent the magnet
from pulling the rod in. This oper-
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ation should be checked with all
other magnets on because the volt-
age for the magnets will vary some-
what, depending on how many are
in operation. To increase the spring
tension, pull the end loop of the
spring out of the slot in the end of
the rod, and rotate the spring one-
half turn clockwise. To reduce the
tension, turn it counterclockwise.
Individual contact wires should
never require adjustment unless ac-
cidentally bent. Then it is generally
best to rebend the wire carefully, at
the point where it is attached to the
Bakelite strip at the back of the key-
switch assembly. Bending the wire
upward will make the contact come
on later; bending it down will make
it come on earlier. If all contacts for
a certain key come on too soon, or
too late, bracket (416) (Fig. 4-22)
should be bent very carefully with
a pair of long-nose pliers until, with
the key up, Bakelite contact lifter
(417) returns to its “off” position.
There should be no more than 14
inch clearance between the lifter
and bracket. Otherwise, the contacts
may come on too late or operate
erratically.

Key Leveling

Key leveling is adjusted by screws
(420) (Fig. 4-22) near the front and
below the keyboards. These screws

‘[—-PIVOT PIN

s

AT

416 CONTACT LIFTER
BRACKET

KEY RETURN SPRING

420 KEY LEVELING
SCREW

Fig. 4-22. Contact-lifter and key-leveling adjustments.
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go through holes in the keyboard
frame and then up into the keys.
Access is gained by hinging up the
keyboard. After leveling, make sure
the key leveling screws do not
scrape against the sides of the clear-
ance holes. Even a small amount of
scrape will be very annoying to the
organist. If a screw scrapes, bend
it slightly with the long-nose pliers.

Key Dip

Key dip is the total up and down
travel of the white keys. It should
be between %4 and 34 inch, meas-
ured at the end of the key. Exces-
sive key dip can cause the contact
wire to flex excessively and eventu-
ally break. The key dip is adjusted
by the key leveling screws.

Omega Unit

As shown in Fig. 4-13, the omega
magnet is mounted so it can be
shifted back and forth a fraction
of an inch. If this magnet is not
adjusted properly, all omega con-

\/

(B) Bottom view.
Fig. 4-23. Expression control.
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tacts might not be drawn against
the silver-plated contact pins; or if
adjusted too far in the other di-
rection, the magnet may not pull
in when the voltage is low. Be sure
to test with all stops on because
the magnet supply voltage will be
lowest under these conditions.

Expression Control

The expression control (Fig. 4-23)
is plugged into a socket in the am-
plifier chassis. It can be removed by
unplugging the connector and re-
moving the two machine screws at
the bottom of the organ case. (First,
remove the front of the organ.) Four
screws adjust the nylon bearing fric-
tion, which should be enough to
give the control a positive feel.
Make sure all four screws (A) are
tightened equally. A few early or-

® ®
( : }——— NOTE NAME

TUNING
ADJUSTMENTS

+——OCTAVE NUMBER

Fig. 4-24. Location of tuning adjust-
ments on tone-generator board.

gans used felt bushings. Nylon bush-
ings will be supplied upon request.

The cover over the contacts can
be removed by taking out screws (B)
to expose the control contacts.

TUNING

Each oscillator tone-generator as-
sembly includes a tuning coil with

‘an adjustable core. The position of

the core determines the exact pitch
of the oscillator. Each core has an
adjusting screw (Fig. 4-24) slotted
at one end to accommodate a con-
ventional alignment tool.

The organ should not be tuned

like a piano (that is, by setting a

temperament and beating octaves,
fourths, and fifths) because beats are
almost completely absent due to the
purity of the organ tones. An elec-
tronic tuning instrument, such as

~ the Conn Strobotuner or Peterson

. Chromatic Tuner, is strongly recom-

mended. (Electronic organ tuning

~ devices are discussed in Chapter 11.)

To tune the organ properly, ob-
serve the following procedure:

1. Turn off all stops on the up-
per keyboard except 4’ Tibia
(Model B-2, 2’ Piccolo).

2. Turn off all stops on the lower
keyboard except 8 Flute.

3. Turn off all pedal stop tablets
except Pedal Full.

4. Set the Balancer control to
Full.

5. Stop the tremolo (Tremolo
Off).

With this stop combination setup,
the lower keyboard will sound notes
FI through C5 (refer to Fig. 4-25)
and the upper keyboard will sound
notes F3 through B6 (Model B-2,
notes F-4 through B-7). Tune all
notes, one at a time, from C#2
through B6. Do not tune notes CI
through C2 until later. After tuning

notes C#2 through B6 (or B7, de-
pending on the organ model,‘ turn
off the tuning 1nstrument; it is not
used for tuning the lowest 13 notes
(pedal keys). Depress pedal key C2,
the highest pedal note. (See Fig.
4-26.) Each pedal key sounds two
oscillators. The upper one, associ-
ated with pedal key C2, is note G3
which has already been tuned. Now
tune oscillator C2 to eliminate any
beat between it and G3. Next, de-
press pedal B and tune oscillator
BI to zero beat. Do the same with
pedal A# and oscillator A#1, and the
rest of the pedal notes (4, Gf, G,
F#, F, E, D§, C#, and C in that
order).

DISASSEMBLY

All parts are readily accessible for
servicing. The 12 tone-generator
chassis, the amplifier, and the omega
unit are serviced from the back of
the organ by removal of nine screws,
as shown in Fig. 4-27. Access to
the amplifier and the key switches
is gained by removing the top of
the organ, taking out the three
screws (Fig. 4-27), and sliding the
top forward while lifting upward to
expose the upper keyboard contacts.
To reach the lower keyboard con-
tacts and the underside of the key-
boards, hinge both manuals up by
lifting them from the key cheeks
(the decorative wood pieces at each
end of the keyboard).

CAUTION: Do not attempt to
lift the manual from any other
point. When lifting the lower
manual of the Model C, cover
the keys to avoid scratching
them. ,

Each tone-generator chassis can be
disconnected and removed by tak-
ing out the two hold-in screws and
unplugging the two cables connect-
ing the tone-generator chassis to the
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Fig. 4-25. Setup for tuning the organ.
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upper- and lower-manual junction
channels. (The junction channels,
mounted in front of the tone-gen-
erator chassis, connect the tone gen-
erator to the two key switch assem-
blies.) The pedal contact assembly
also plugs into the accompaniment
junction channel.

The bottom of a junction channel
can be serviced by removing the
upper screw in each of the two wood

junction-channel supporting blocks
and swinging the channels into an
accessible position.

The pedal board and contacts,
the expression control, the junction
channels, and the speaker are serv-
iced by removing the three brass
screws at the top of the front panel
and lifting it up and out.

To replace the tremolo rotor belt,
tip the organ on end and take out

3 TOP COVER SCREWS

TONE
GENERATOR
CHASSIS

(12 UNITS)

ADJUSTMENT
(6 TO EACHUNIT)

Fig. 4-27. Rear view of the organ.
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the two screws holding the lower-
bearing support to the bottom of
the cabinet. The belt can then be
slipped through the hole in the bot-
tom of the cabinet and placed
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around the rotor and motor pul-
leys. Be careful not to tear the
speaker cone by hitting it with the
end of the rotor shaft.

HARMONIC SOLO MANUAL
DRAWBARS e )

ACCOMPANIMENT
MANUAL

SPEAKER
AUTOMATIC

PEDAL tgﬁ#&%l_ AN - X PRESSION
KEYBOARD P CONTROL

Fig. 5-1. The Hammond Model M-3 Spinet organ.

CHAPTER 5

THE HAMMOND ORGAN

PART 1—-THE MODEL M-3 SPINET WITH
PERCUSSION

The Hammond Model M-3 spinet organ is the same as the
Model M-2 except for an added percussion feature in its upper
manual. Fig. 5-1 is a photograph of the Hammond Model M-$
organ with its principal parts indicated. The two manuals have
44 keys each, arranged in the conventional manner. Bass tones
are supplied by the 12-note pedal keyboard. All tones are produced
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Fi -2. Block diagram of the Hammond Model M-3 Splnet.
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the same signal to the same drawbar
and passing the balance through
push-pull control tubes, which con-
trol its decay. The signal is then
combined with the one from the
manuals after the vibrato system,
but before the expression control.
The control tubes are keyed through
the eighth harmonic key contacts
and bus bar.

The pedal tones do not require
drawbars for varying the tone color.
The tones are produced as complex
ones by special tone wheels. From
the pedals, these tones go to a pedal
amplifier, where the attack and de-
cay characteristics are controlled.
The single pedal drawbar adjusts
the volume of the pedals relative
to that of the manuals. The pedal
signal is combined with the one
from the manuals after it passes

about four seconds longer and then
release it. During this time the brak-
ing action of the synchronous motor,
together with the reduction in power
of the starting motor, brings the
system to synchronous speed. The
synchronous motor will now carry
the load. (During cold weather, it
may be necessary to hold the Start
switch longer.) To turn the organ
off, push the Run switch down.

Tone Generator

All tones originate as electrical
signals in the tone-generator system,
which contains 86 toothed tone
wheels plus gears for driving them
at various speeds from a main shaft.
Each pair of tone wheels is mounted
on a shaft and separated by a Bake-
lite gear held between two coil
springs. The gear, which forms a

STARTING

MOTOR END

SYNCHRONOUS
MOTOR END

@

through the vibrato system, but be- mechanical vibration filter, is not §‘§ ®//
fore the expression control. rigidly attached to the shaft. There- ®//® - ,/@
fore, should any pair of wheels be ¥38
MECHANICAL AND stopped accidentally, the others will ®” § s
ELECTRICAL CONSTRUCTION continue to operate. Adjacent to s /® =] § /®
each tone wheel is a magnetized rod § @
Motors and Power Switches on which is wound a pickup coil. @,/@ @l ,/

The tone-generator assembly is
driven at a constant speed by a
synchronous motor (at the left as
you look at the back of the console).
Attached to the motor is the vibrato
scanner. Because the motor is not
self-starting, it is brought up to
speed by a starting motor at the
opposite end of the generator.

To turn on the organ, push the
Start switch up (this switch is at the
front of the console, near the right
side), and hold it for eight seconds.
This will bring the generator to
slightly above its synchronous speed.
While still holding the Start switch,
push the Run switch upward to its
“on” position. This turns on the
synchronous motor and, at the same
time, introduces a resistor in series
with the starting motor to reduce
the power. Hold the Start switch for
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These magnets extend through the
front and back of the generator, and
are held by set screws which can be
loosened for adjustment. Fig. 5-4
shows where to find the magnet for
any frequency number. The dotted
lines indicate the frequencies that
have tone wheels on the same shaft.
On top of the tone-generator assem-
blies are small transformers and ca-
pacitors which form tuned filters for
the higher frequencies. If a filter
fails, both the transformer and ca-
pacitor must be replaced with a
matched pair from the factory. Fig.
5-5 shows the location of these filters.
A few frequencies use untuned fil-
ters consisting of coils only. The out-
put frequencies of the tone genera-
tors are numbered in order of in-
creasing frequency. The lowest (No.
1) is about 32 cycles per second, and

MOTOR END

SYNCHRONOUS

STARTING
MOTOR END

Fig. 5-4. Location of magnets on the tone generator.
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the highest (No. 91) is about 6,000
cps. Frequency numbers 1 through
12 are used for the pedals, numbers
18 to 17 are omitted, and numbers
18 through 91 are used for the
manuals.

The generator output terminals
consist of solder lugs on the filter

through the eighth harmonic bus
bar, and the blank spaces in this row
have contacts connected to ground
through resistance wires. The nine
bus bars of each manual each carry
a certain harmonic and are wired to
the harmonic drawbars.

se3a73 1%

& & . transformers, to which the manual Harmonic Drawbars.

e %% e £2 . < and pedal cables are connected. The eight .harmomc drawbars arle

"& é : §§ : @l Frequency numbers of all terminals associated with the lower manual,
%%ﬁ et b wj’ are shown in Fig. 5-5. and the nine drawbars control the

: é %%d 3 s « ‘ upper manual. ‘

: ’é /| ) e g Ranoaly By sliding these drav.vbars in and

: < %% g: j Musical frequencies from the tone  out, the organist can mix the funda-

generator go through the manual mental and harmor.lics in various
cable to terminal strips on the two  proportions. The distance a draw-
manuals, and from there to the key- bar is pulled out determines the
contact springs. strength of the corresponding har-

Each manual has 44 playing keys monic; if a drawbar is set all the
covering about three and a half oc- way in, the harmonic it represents
taves. The two manuals do not will be absent in the combination.
cover exactly the same pitch range, Neither manual will play unless at
but the keys are arranged so that least one of the associated drawbars
those of like pitch are in line. is pulled out at least part way.

Under each key are nine contact These drawbars slide over nine bus
springs which touch nine bus bars bars which represent intensity levels,
when depressed. The bus bars pro- and each drawbar has two contacts
vide the fundamental and the eight connected by a one-ohm resistor. As
harmonics of that key. Some of the the drawbar moves, at least one of
keys at the right end of each manual the contacts is touching some bus
have fewer springs. All contact bar at all times, so there are no
springs and bus bars have precious- “dead spots.” The one-ohm resistor
metal contact surfaces to prevent prevents a complete short between
corrosion. The manuals also are adjacent bus bars. The bus bars ex-
sealed to exclude dust. Should a tend the length of the drawbar as-
contact become dirty, a busbar sembly, but are split in the middle
shifter in each manual slides the bus  to form two groups (see Fig. 5-7).
bars endwise to provide a fresh sur- Those under the lower-manual
face. The key contacts are con- drawbars are connected to low-im-
nected, through resistance wires, to pedance primary taps on the lower-
the manual terminal strips. The manual matching transformer (T2).
manual wiring chart in Fig. 56 Those under the upper-manual
;}::Wcsolrl::l‘:ctl;g Contaﬁts for each key  drawbars are connected to taps on
Blnddtshiai a::i) el.eg' s}l}lpply t.he the upper—magual matching trans-
The Boii S50 1ght a;momcs. fonner (T1). Signals .from the high-
< becausepthe ;lr}e;n ml)l €y con-  impedance secondaries of thf: two
B (he higfics: he lsg est t;:rmomcs transformers go through the Vibrato
| dies g tonz are above the Lower and Vibrato Solo Mam.lal
B s t,(‘;lebréerator.kThe control t'ablets to the amplifier in-
Fig. 5-5. Location of filter transformers and capacitors on the generator cover. s are keyed put terminals.
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Pedal Drawbar

The center drawbar (Fig. 5-7) con-
trols the volume of th(? pedals
through a variable capacitor con-
nected to the pedal amplifier section.

Pedal Keyboard

The twelve pedals, operated by
the left foot, are connected to the
lowest twelve frequencies of the
generator. They have light and dark
keys arranged in the standard octave
pattern. Fig. 5-8 shows the pedals
and the generator frequency num-
ber for each, as well as the note of
the scale. A pedal contact opens
when each pedal is depressed, allow-
ing the correct generator frequency

NOTE OF T2

SCALE E
R 5

to reach the amplifier. In addition,
a pedal keying contact closes when
any pedal is operated. This keys the
pedal amplifier and thus causes the
note to sound at the desired rate,
depending on the setting of the
Pedal Attack tablet. As a pedal is
depressed, its pedal contact opens
first and selects the correct note.
Then the pedal keying contact closes
immediately, permitting the note to
sound. A mechanical latch keeps the
pedal contact open when the pedal
is released. The last note played
continues to sound for a length of
time determined by the setting of
the Pedal Decay tablet and by a
Pedal Sustaining Control attached
to the Expression-Control pedal.

PEDAL
TENSION
SPRINGS

G A B GENERATOR
e RoeL Uil Rk 12 «<— FREQUENCY
NUMBER

Fig. 5-8. Pedal keyboard.
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Expression-Control Pedal

The Expression Pedal, sometimes
called the Swell Pedal, is operated
by the player’s right foot to vary the
volume of both the manuals and
the pedals at the same time. It is
connected mechanically to a special
variable air capacitor mounted on
the amplifier. When the pedal is
raised (closed), the music is softest;
when pushed forward (opened), the
music is loudest. Attached to the Ex-
pression Pedal is a Sustaining Con-
trol Lever, which is operated by slid-
ing the foot sideways on the pedal.
When this lever is not operated,
each pedal note dies away rapidly
or slowly, depending on the setting
of the Pedal Decay tablet. When this
lever is pressed to the left, the last
pedal note played dies away much
more slowly.

Organ Control Tablets

There are seven control tablets,
each having two positions. The
Volume tablet changes the over-all
volume. The Pedal Attack tablet
determines how fast a note will
sound after the pedal is depressed;
the pedal Decay, how fast the sound
dies away after the pedal is released.
The Vibrato Lower and the Vibrato
Upper turn the vibrato effect on or
off for the upper and lower manuals.
Normal or Vibrato Chorus are spe-
cial effects which function only when
the vibrato is on. Small, or Normal,
Vibrato adjusts the pitch variation
of this mechanism.

Percussion Control Tablets

There are four percussion control
tablets, each having two positions.
When these tablets are turned on,
the solo manual will play second
a'nd third harmonic tones percus-
sively, along with the sustained or-
8an tones. In its normal position,
the Volume tablet allows the per-

cussion tone to sound at full vol-
ume, and also reduces the volume
of the solo-manual sustained tones.
In the soft position, the percussion
tones sound softly and the full
volume of the solo-manual sustained
organ tones is restored. The Decay
tablet determines how fast the per-
cussion tones die away. The Har-
monic Selector tablet determines
whether the second or third har-
monic percussion tones are heard.
All control tablets are equipped
with precious-metal contacts to min-
imize the effect of corrosion or poor
contact due to dust particles.

Vibrato System

The Model M-3 is equipped with
selective vibrato. Four control tab-
lets are used to vary the vibrato.
Two degrees are available with the
Amount of Vibrato tablet. The Vi-
brato Chorus tablet offers a differ-
ent degree of chorus or celeste effect
with each degree of vibrato. The Vi-
brato Lower and Vibrato Solo tab-
lets turn the effect on and off in-
dependently for the two manuals.

The vibrato equipment (Fig. 5-9)
varies the frequency of all tones (ex-
cept pedal and percussion) by con-
tinuously shifting the phase. In-
cluded are a phase-shift network
composed of low-pass filter sections,
and a motor-driven capacity-type
pickup that scans the line. Electri-
cal waves fed into the line are
shifted in phase by each line section
so that, at any tap of the line, the
phase is retarded relative to the
previous tap. The exact amount of
frequency shift depends on the
scanning rate and the amount of
phase shift in the line. The scan-
ning rate is constant because the
scanner is driven by the synchron-
ous-running motor of the organ.
The Amount of Vibrato tablet
varies the amount of frequency shift
by causing the whole line to be
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Fig. 5-9. Diagram of the vibrato system.
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Fig. 5-11. Vibrato circuit.

scanned for normal vibrato, but
only one fourth of the line for small
vibrato. The vibrato chorus effect,
much like the effect of two or
three slightly out-of-tune frequen-
cies mixed together, is obtained
when the vibrato-output signal is
mixed with a portion of the one
with no vibrato.

Fig. 5-9 shows only the amplifier
vibrato channel. All tones sent
through it have a vibrato effect.
When this effect is not desired on
one manual or both, the Vibrato
Lower and the Vibrato Solo tablets
feed their signals through the no-
vibrato channel. The vibrato line
box is mounted on the rear of the
upper manual. The scanner, which
is mounted on the synchronous
motor and driven at 412 revolutions
per minute, is a multipole variable
capacitor with 16 sets of stationary
plates and a rotor whose plates mesh
with the stationary ones. Fig. 5-10A
shows the construction of the scan-
ner (two sets of plates have been
removed to show the rotor).

Signals from the vibrato line ap-
pear on the stationary plates and
are picked up by the rotor. Connec-
tion to the rotor is made by the
carbon brushes shown in Fig. 5-10B.
Two brushes touch the side of the
contact pin, while a third one
presses on the end of the pin in
order to eliminate any possibility of
contact failure. The complete cir-
cuit of the vibrato system is shown
schematically in Fig. 5-11.

NOTE: This schematic is for
organs with serial Nos. above

92748. In earlier versions the
circuit is slightly different.

AMPLIFIER ASSEMBLY

The amplifier assembly, although
built on a single chassis, is actually
composed of five sections—manual,
percussion, pedal, intermediate, and
output. (This is shown in the block
diagram in Fig. 5-2.) Fig. 5-12 shows
the location of the tubes and other
components on the chassis.

Manual Section

The manual section is composed
of two channels connected to the
vibrato and the no-vibrato input
terminals, as shown in Fig. 5-13. The
two matching transformers (T1 and
T2) feed a signal into either input
channel, depending on whether the
control tablet is set for vibrato on
or off. The signals entering the vi-
brato channel tubes (V1 and V3A)
pass through the vibrato system. The
output signal of the vibrato system
is combined with the no-vibrato,
percussion, and pedal signals at the
grid of the intermediate amplifier.
A feedback network connected from
cathode follower V3A to the grid
of V1 provides tonal balance in the
no-vibrato channel. The two chan-
nels are matched at the factory by
proper selection of R27.

Percussion Section

The second- or third-harmonic sig-
nal is conducted through percussion
matching transformer T4 and am-
plified by tube V7 (see Fig. 5-13).
The resistive feedback provides

i i ¢

@ @ G0 PORVBO G

| EXPRESSION e
ges ~—T"CONTROL i

i
T
Lol

Fig. 5-12. Top view of the amplifier.

111




= SO0 u’P-DE_n'ws i ¢ INTERMEDIATE AMPLIFIER
| T T'vcnm = \ 0002 CIRS
EXPRESSIO
| | JTRANSFORMER 5 188 YA, vy
| @ s L 2 140y JLQUD
| (= § 27MEG H—outrur
— | €32 i c15 cie SOFT SECTION
TORS | o
! S ! (333 00022| 00022
49-91 use | o
| THIS CIRCUIT © o R32 | R33
| 1 23 L 1BMEG, L1.oMEG |
| = Y i
| ! o 15v R =
! - o o
: l 3 ? 2% & 2 38 g
e + (¥}
I - : v R o S
| t 5 H o
| A e [ = =
H 2y 29% oMo S I
| | S z 0 2 VIBRATO CHANNEL |
i ;‘E EZE ovwes I : INPGT
l ' EENERATOQS | ﬁ;S E; ; aJvNWo—: 'Y
| THS GRcoIT 4§23 Zwi :
| O vy YWvers
B | Via g2 L o —~— PEDAL SIGNAL INPUT
H L|_|_ll seT oF NinE coNTACTS
| H UNDER TYPICAL PLAYING KEY
| | KEY CONTACT
- | RESISTANCE
I F WIRES AL
6 OHMS
> R
o @ "PERCUSSION
g [PERCUSSION SELECTOR" c
“OFF” “THIRD"
o 4 i J
ok ON' “SECOND
< t j
=]
©
o W '
.
< L L5
€ GENERATORS I TO VIBRATS LINE
z m‘slca%rr SELECTED AT FACTORY TO
w O 3 BALANCE CHANNELS
° ® {
+ |
z 1 " 2
o “ PERCUSSION
- GENERATOR VOLUME" SOFT ®USED ONLY IN AMPLIFIERS CODE B AND ABOVE
| TERMINALS - A 5 2= NoAMAL % % VALUE IN CODE A AMPLIFIERS
o ==12060 F %% USED ONLY IN CODE A AMPLIFIERS

Fig. 5-13. Schematic of the manual, Percussion, and intermediate sections.
112 113




proper loading on the matching
transformer to fix the primary im-
pedance at about five ohms. This
furnishes a volume-compensating
effect so the percussion output sig-
nal is about the same, whether one
key or several are played. Besides
providing push-pull signal for the
control tube (V9), transformer T5
feeds signal to the second or third
harmonic drawbar through key-
circuit resistor R52.

When the Percussion tablet is
turned on, the solo manual second-
or third-harmonic drawbar is dis-
connected from its lead wire, which
is connected to the percussion
matching transformer. The eighth
harmonic drawbar is disconnected
from its lead wire, which is used to
turn off the push-pull control tube.
Therefore, the eighth harmonic is
not available on the solo manual
when the percussion switch is turned
on. Resistor R2, in series with the
secondary of the solo matching
transformer TI1, prevents the am-
plifier from overloading, and also
maintains the proper tonal balance
between manuals. When pushed to
“soft,” the percussion volume tablet
reduces the volume by shunting re-
sistor R50 across percussion output
transformer T6, and by shorting out
matching-transformer volume-com-
pensation resistor R2.

The percussion Decay tablet de-
termines how fast the sound will
fade away after a key is depressed.
When the Decay tablet is in the
“slow” position, resistor R60 dis-
charges capacitor C31, reducing the
DC voltage on the control-tube grids
to cutoff in about two and a half
seconds. When the Decay tablet is
pushed to ‘“fast,” resistor R59 is
shunted across resistor R60. This
lessens the discharge time of capaci-
tor C31 and thereby reduces the DC
voltage on the control tube grids to
cutoff in less than half a second. To

114

preserve, in effect, the same loud-
ness between the “slow” and “fast”
Decay-tablet settings, shunt resistor
R62 is disconnected when the De-
cay tablet is in the “fast” position.

Pedal Section

The pedal amplifier (Fig. 5-14)
receives its signal from the pedal
generators. When a pedal key is
depressed, its pedal contact opens
and a signal voltage is delivered to
the grid of V10. This note cannot
sound instantly because the tube
is normally cut off by a —2I-volt
grid bias. Near the end of the pedal
stroke, the keying contact closes.
This shunts a resistance from the
bias point to ground. As a result,
bias capacitor C57 discharges, al-
lowing the note to sound.

When the pedal attack is at its
normal setting, only a single resis-
tor (R77) is placed across the bias
capacitor as the pedal keying con-
tact closes. The capacitor discharges
rapidly, and the note sounds quickly
(although not abruptly). If the pedal
attack is set at “‘slow,” the shunting
resistor is increased by the addition
of R76. Now the bias capacitor can-
not discharge as quickly as before;
therefore, it takes awhile for the
bias to drop low enough for the
note to sound. When the pedal key
is released, the pedal keying contact
opens and allows cutoff bias to once
more be applied to the tube. With
the Pedal Decay set at “fast,” this
action is rapid because C57 is
charged through R81 in a short
time. With the Pedal Decay set at
“normal,” the increased resistance
delays the charging of C57 and per-
mits the tone to sound for a longer
time. The Pedal Sustaining Control
(sliding control) introduces an ad-
ditional resistance (R83) when oper-
ated. The charging of C57 is delayed
still further and thus causes the note
to sound much longer. A latching
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mechanism holds the last played
pedal contact open until another
pedal is operated, so that the cor-
rect note will sound throughout the
entire decay period. Pedal cutoff ad-
justment R85, which controls the
screen voltage of the pedal ampli-
fier tube, must be adjusted so the
pedal tone is barely audible when
the pedal drawbar and expression-
control pedal are in their loudest
positions. To prevent a pedal note
from sounding when the organ is
first turned on, a resistance of 5
ohms (R79 and R80) is inserted
in series with the heater of the
pedal amplifier tube. This resistance
lengthens V10 warm-up time so the
cutoff bias is applied before the
tube conducts.

Amplifier Intermediate Section

From the plate of the pedal am-
plifier tube, the pedal signal passes
through a variable air capacitor to
intermediate amplifier V4A (Fig. 5-
13). Here, the pedal signal is mixed
with the vibrato, no-vibrato, and
percussion signals. Moving the Vol-
ume tablet (Fig. 5-14) to “soft” re-
duces the over-all volume of both
manuals and pedals by shunting ca-
pacitor C26.across the intermediate-
amplifier input. (Note that the out-

put from the volume control Tablet
in Fig. 5-14 connects to the line
labeled “pedal signal input” in Fig.
5-13.) Pedal compensation is also
provided by the addition of R65 in
series with the pedal generators.
The small feedback capacitor (C13)
from plate to grid of intermediate
amplifier V4A (Fig. 5-13) increases
the tube’s effective input capacity.
(The effective input capacity is the
capacity of Cl3 multiplied by the
amplification factor of the tube, or
a total of about 1,500 mmf.) The
combined manual and pedal signals
go through the intermediate ampli-
fier to the expression control. When
the expression control is in the
“loud” position, the signal is trans-
mitted directly to the grid of the
following tube; in the “soft” posi-
tion, it goes through a tone-compen-
sated attenuating network. At inter-
mediate positions, the signal is ob-
tained from both sources to provide
a continuously-variable control.

Output Section

Fig. 5-15 shows the schematic of
the amplifier output section. The
expression-control output signal is
amplified by V4B and applied to
phase inverter V3B, which drives
push-pull audio-output stage Vb
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and V6. A small variable feedback
capacitor (C23) from the output-
transformer secondary to the grid
of V4B makes the pedal response
more uniform by reducing the
speaker resonance. (NOTE: C23 is
adjusted at the factory.) In earlier

i i

SPEAKER VOICE
CoIL 8 OHMS

\C 27 USED ONLY IN
AMPLIFIERS CODE
F AND ABOVE.

Fig. 5-16. Output circuit used in earlier

versions, a .001-mfd capacitor was
added in series with C23 and con-
nected as shown in Fig. 5-16.

Power Supply

The power supply is conventional,
with a 5U4 rectifier tube and a filter
circuit, as shown in Fig. 5-17. The
speaker field is connected in the B—
leg of the power supply. Fig. 5-17
also shows the circuit for the syn-
chronous motor (which drives the
tone generators) and the starting
motor.

Instruments with amplifiers coded
“J" and above incorporate a PM
speaker. When the PM speaker is
used, a 180-ohm resistor is added
in place of the speaker field. The
junction of this resistor and the
center tap of T7 become the —22-
volt source. Also, R101 is omitted,
R102 is changed to 10K, and R103
is changed to 56K.
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Fig. 5-17. Schematic of the power-supply and motor circuits.
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Tube-Socket Voltages

The tube-socket voltages are shown
on the schematics in Figs. 5-13
through 5-17. To make the tube
sockets accessible, remove the lever
from the expression-control shaft.
Disconnect the two twisted wires
from the “W” and “X” terminals
on the amplifier (Fig. 5-14). (They
can remain disconnected for the
voltage tests.) Loosen the cable
clamp on the lower shelf, remove
the four amplifier chassis mounting
screws, and turn the amplifier up-
side down. (Do not rest it on the
expression-control lever.) The volt-
ages shown on the schematic were
taken with a 20,000-ohms-per-volt
meter and all control tablets tilt-
ing toward the front of the console.
No key should be depressed unless
specified.

Special Equipment

A record player, radio, or micro-
phone amplifier will operate through
the organ speaker if connected to
the Radio-Phono pin jack on the
expression-control unit (Fig. 5-15).
The special equipment should have
an output level of about one-half
volt maximum, and it must have its
own volume control. The organ can
be played at the same time. The pin
jack takes a standard single-conduc-
tor shielded connector.

Extension Speaker

An extra speaker of the perma-
nent-magnet dynamic type can be
connected to the two voice-coil ter-
minals on the amplifier. The exter-
nal speaker must be at least ten
inches in diameter. It must also be
mounted in an adequate baffle to
bring out the pedal notes properly.

Earphones

Earphones can be connected to
the organ in the same manner as
118

an external speaker. However, a 6-
to 10-ohm resistor must be con-
nected across the amplifier voice-coil
terminals whenever the speaker is
disconnceted. An open- and closed-
circuit jack can be installed to pro-
vide these features.

MALFUNCTIONS

Like most electric organs, the
Hammond Model M-3 is relatively
troublefree. Many of the malfunc-
tions will be due to tube failures
or dirty contacts. The most common
causes for the various malfunctions
are given in the following.

Organ Does Not Play

If the starting motor does not op-
erate when the Start switch is de-
pressed, and the tubes do not light
when the Run switch is on, check
the power line input, fuses (if any),
line cord, and the wall outlet for a
good connection.

If the generator turns (tone
wheels) and the tubes light, but
there is no sound when all controls
are in the playing position, the
likely culprit is the amplifier. Check
it in the conventional manner.

One Key Does Not Play
(At a Certain Drawbar Setting)

A key not playing can be due to
a dirty key contact, a broken con-
nection, or a dead note from the
generator. Ordinarily, only one of
the frequencies will be missing.

While holding down the key, op-
erate each drawbar for that manual
and see which key fails to play.
Refer to the manual wiring chart in
Fig. 5-6 to find out which frequency
is missing.

See whether the same frequency is
missing on other keys of the same
manual. (The wiring chart will tell
you with what other key and draw-
bar you should get the same fre-

quency.) If the frequency is missing
on one key only, a key contact is
probably dirty. Adjusting the bus-
bar shifter should clear up the trou-
ble. In extreme cases, it may be nec-
essary to hold down the faulty key
while turning the bus-bar shifter
screw. The wiping action will facili-
tate cleaning of the contact. This is
always a good procedure in stub-
born cases.

When the frequency is missing on
all keys of one manual but not on
the other manual, look for a break
in the cable connecting one manual
to the other. If the frequency is
missing on both manuals, check the
manual-to-generator cable, or the
generator itself. j

The output of any single fre-
quency on the tone generator can
be checked by pulling out any draw-
bar and connecting a clip lead from
its back to the generator terminal in
question. See Fig. 5-5 for the loca-
tions of all generator terminals.

The note will play loudly if the
generator is all right.

CAUTION: Never test the tone
generator with an outside source
of current such as a continuity
meter because the sensitive fil-
ter transformers and permanent
magnets will be seriously dam-
aged.

If the note still fails to play,
touch the clip lead to the input
side of the filter capacitor (Fig. 5-5).
(Disconnect the capacitor to elimi-
nate the possibility of a grounded
transformer.) If the signal is still
missing at the magnet coil terminal,
the tone wheel is not turning, the
coil is defective, or the magnet is
not adjusted properly.

When the tone wheel does not
turn, the frequency of the other
wheel on the same shaft also will
be missing (except for a few single
wheels). To check, raise the gener-

ator slightly and feel the wheel with
your finger to see if it is turning.

If the magnet coil is defective, the
generator must be returned to the
factory. Replacement of a coil re-
quires dismantling of the entire
generator.

A magnet may become loose and
move far enough from the wheel to
make the note inaudible. If so, it
can be adjusted and locked in' the
proper position.

One Note Is Weak

One or more notes may be acous-
tically weak because of the room
and its furnishings, although the
measured signal level will be equal
to that of its adjacent notes. This
can be remedied by moving the
organ slightly or by rearranging the
room furnishings. Check all notes
by attaching an output meter to the
speaker terminals and taking volt-
age readings of the various notes.
All notes will not give equal out-
put, but the voltage should vary
smoothly from note to note. Ignore
variations of less than 309.

Percussion Notes Weak,
Do Not Play,
Or'Do Not Decay Properly

Weak or silent percussion notes,
or ones that do not decay properly,
indicate the percussion cutoff con-
trol must be adjusted. With the
expression pedal wide open, the
Volume tablet at normal, and all
drawbars pushed in, set the per-
cussion tablets for: Percussion On,
Volume Normal, Decay Fast, and
Harmonic Selector Third. Then
hold down the first C key on the
upper manual, and adjust the per-
cussion cutoff control to the exact
point of cutoff (silence).

Also check tubes V7, V8, and V9
(Fig. 5-13). Always adjust the per-
cussion cutoff after replacing V9
(12AU7).
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Pedal Note Sounds At Full Volume
(Pedal Not Being Played)

Sometimes a pedal note sounds
at full volume, even when not being
played. This is caused by one of the
pedals being forced downward and
sideways,. where it locks. Press the
oftending pedal down hard, and op-
posite the direction of tilt. It should
come back up with no damage to
the pedal assembly.

Pedal Note Sounds Softly Or
Faintly (Pedal Not Being Played)

To remedy, set the expression
pedal wide open, pull the pedal
drawbar to its loudest position, and
set the Volume Pedal Attack and
Pedal Decay tablets to their normal
positions. Play the highest pedal
key, release it, and then wait 15
seconds for the note to die away.
Slowly turn the pedal cutoff adjust-
ment on the face of the amplifier
(R85 in Fig. 5-14) clockwise until
pedal note just disappears.

Always recheck this adjustment
after replacing the 6BA6 tube (V10).

Hum

Do not mistake a loud 60-cycle or
120-cycle hum to mean the pedal
cutoff needs adjusting. It may come
from some nearby electrical appli-
ance. Hum may be picked up by the
matching transformer, the vibrato
line, or the console wiring. It can
be eliminated by moving either the
console or the appliance.

Any other hum must originate in
the amplifier circuit. It usually can
be cured by replacing one or more
electrolytic capacitors.

Do not forget to check all tubes
in the amplifier circuit (see next
paragraph).

Vacuum Tubes

All tubes are standard radio types
that can be checked in the regular
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manner. Fig. 5-12 shows their loca-
tions in the amplifier.

When changing the 6BA6 (V10)
or the 12AU7 (V9), always recheck
the pedal cutoff adjustment.

PARTS REMOVAL

When it is necessary to remove a
part for replacement or repair, the
following procedures should be fol-
lowed.

Removing A Key From The
Upper Manual

To remove a key from the upper
manual, take off the music rack and
its base. Then remove the two
screws holding the metal angle
across the keyboards.

To remove a black key, loosen its
key mounting screw, unhook the key
from the screw, and lift out. To re-
move a white key, loosen its key
mounting screw and those for the
adjacent black keys. Unhook the
black keys from the screws, push
them back, and lift out the white
key.

Removing A Key From The
Lower Manual

To remove a key from the lower
manual, take off the music rack and
its base. Detach the pedal volume
control by removing the two ma-
chine screws and loosening the wood
screw which holds the friction clip
to the top of the console. Unhook
the control from the drawbar. Re-
move upper-manual mounting bolts
A and B under the keyboard (Fig.
5-18). Place a 3-inch block under
each upper-manual chassis mount-
ing block. The block holds the up-
per manual high enough so that the
lower-manual key mounting screws
can be reached.

To remove a black key, take out
its key mounting screw, unhook the
key from the screw, and lift out.

To remove a white key, loosen its
key mounting screw and those for
the adjacent black keys. Unhook the
black keys from the screws, push
them back, lift out the white key.

Removing A Drawbar
Contact Spring

The drawbar contact spring is re-
moved by pushing the drawbar all
the way in and removing the screw
and nut at the back. Then pull out
the contact spring while pressing
with your thumb to release the
pressure on the contact.

To completely disconnect the
spring, unsolder the wire. Never
pull the drawbar forward while the
contact spring is off. The damper
spring will catch in the slot and
make it necessary for the entire
drawbar assembly to be removed.

Removing A Drawbar Or
Drawbar Knob

To remove a drawbar or knob,
take off the music rack and its base.
Take out the eight hex-head ma-
chine screws holding the drawbar
assembly and the one screw fas-
tening the angle across the upper-
manual keys.

To remove the knob, pull the
drawbar assembly toward the front
of the console, prop it up, and
remove the screw holding the knob.

To remove the drawbar and con-
tact spring, pull them out at the
back of the assembly while pressing
with your thumb to release the pres-
sure on the contact. The drawbar
can be separated from the spring
by taking out the screw and nut at
the back of the drawbar.

Removing The Upper Manual

To remove the upper manual,
take off the music rack and its base.
Remove the dust cover over the
generator by taking out the seven
screws from the edge of the gen-

erator shelf and loosening the four
screws in the cover (just below the
upper-manual assembly). Detach the
control panel by removing the six
machine screws from the top. Lay
the panel on the generator, being
careful not to damage the generator
wiring. (It is not necessary to dis-
connect the control-panel wires.)

Detach the pedal volume control
by removing the two screws holding
it. Loosen the wood screw which
holds the friction clip to the top of
the console. Unhook the control
from the drawbar and lay it on top
of the generator. Be careful not to
damage the generator wiring. (The
volume-control wires need not be
disconnected.)

Remove the two screws fastening
the matching transformer bracket
to the upper manual. Take off the
round cover held by two screws.
Unsolder and pull loose the shielded
wires and the black wire from the
transformer.

Reattach the matching trans-
former to the upper manual. Un-
solder the wires from the lower-
manual drawbars. Remove upper-
manual mounting bolts A and B
under the keyboard. (See Fig. 5-18.)
Remove the two upper-manual stop
plates, held by two wood screws.

Prop up the front of the upper
manual so the terminal strip is ac-
cessible. Be careful, when raising
and lowering the manual, not to
damage its terminal strip by rub-
bing it against the lower-manual
keys. Unsolder the manual cable
from the terminal strip. Lower the
manual into its normal position.
Detach the vibrato line box by re-
moving the two screws (in the sides)
fastening it to the underside of the
console top. Lay the line box on
top of the generator. (Do not dam-
age the wiring.) The line-box wires
do not have to be unsoldered (ex-
cept in earlier Model M-3’s).
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If the line box is metal, unsolder
the wires from the scanner, but
leave it attached to the manual.
Carefully lift the manual assembly
(including the drawbars and match-
ing transformer) out through the
back of the console.

Remove the metal angle fastened
across the keyboard by two screws.
Take out the eight hex-head ma-
chine screws from the drawbar as-
sembly. Lift off the drawbar and
matching-transformer assemblies.

Removing The Lower Manual

To remove the lower manual,
take off the music rack and its base.
Remove the dust cover over the
generator, as for the upper manual.
Loosen the wood screw holding the

friction clip of the pedal volume:

control to the top of the console.
Remove upper-manual mounting
bolts A and B under the keyboard.
(See Fig. 5-18.)

Prop up the front of the upper
manual as high as possible. Remove
the two hex-head mounting bolts
from the rear of the lower-manual
chassis mounting blocks. Remove
the three screws X, Y, and Z under
the keyboard (see Fig. 5-18). Remove
the lower-manual end blocks by tak-
ing out screws C, D, E, and F under
the keyboard (see Fig. 5-18). Unsol-
der the manual cable wires from the
terminal strip. Lift the manual out
through the front of the console.
Be extremely careful not to mar
the woodwork.

Detaching And Opening The
Control Panel

To detach and open the control
panel, remove the dust cover over
the generator, as explained before.
Take out the six machine screws
from the top of the panel. The con-
trol tablet box can now be lowered
and pulled toward the rear of the
console.
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Lay the box upside down on the
generator. Remove the bottom cover
by taking out the four screws. (Be
careful not to pull out the wires
or cable. No wires need be discon-
nected.)

Detaching And Opening The
Percussion-Control Switch

The percussion-control switch is
detached and opened by taking out
screws G and D under the keyboard
(see Fig. 5-18) and the four fasten-
ings holding the panel to the wood
block.

Turn the tablet assembly upside
down and remove the bottom cover.
The wires need not be disconnected.

Removing Generator

To remove the generator, first
take off its dust cover. Unsolder the
five wires (at the line panel) going
to the running and starting switches.
(First, be sure to pull out the line
plug.) Unsolder the three wires to
the amplifier at the line panel, and
the pedal and manual cables from
the generator. Disconnect the scan-
ner shielded wire from the amplifier
terminal. Unsolder the cable of six
green wires from the scanner termi-
nals, and the scanner wires from
terminals 12, 13, and 14, on the
vibrato line box. Also unsolder the
two black wires from the generator
cover (connected to the same ground
terminal as the carbon resistor), and
the gray wire connected to the junc-
tion of the two carbon resistors on
the generator cover. Remove the
four generator hold-down screws,
and unhook the four suspension
springs from the generator. It can
now be carefully lifted out.

Removing The Vibrato Scanner
Or Synchronous Motor

Before removing the vibrato scan-
ner or synchronous motor, remove
the line plug, and take off the gen-
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Fig. 5-18. Location of the screws holding the manuals (viewed from under the

keyboard).
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erator dust cover as explained be-
fore. Unsolder the two pairs of
synchronous-motor wires from the
line panel. Disconnect the scanner
shielded wire from the amplifier.
Unsolder the six green wires from
the scanner. Unsolder the wires
from terminals 12, 13, and 14 of
the vibrato line box. Disconnect
the two springs in the motor-to-
generator coupling. Remove the
four nuts holding the motor to the
mounting angles. Lift the motor
and scanner from the console.

Removing Starting Motor

Be sure to pull out the line cord
before removing the starting motor.
Then take off the dust cover over
the generator. Pull the oiling threads
(tied to the two motor bearings)
from the oil trough. (When replac-
ing them, be sure they go under
the felt in the trough.)

Provide more slack by carefully
pulling the starting-motor wires.
Unscrew the two hex studs protrud-
ing beyond the outer edge of the
motor. Lift the motor out and un-
solder the lead wires.

Removing The Vibrato Line Box

To remove the vibrato line box,
unsolder the wires from the line
box terminals and remove the two
screws (in the bottom) fastening the
box to the underside of the console
top (or the four screws fastening the
box to the rear of the upper manual
on later models).
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Removing The Pedal Keyboard

Take off the dust cover over the
generator in order to remove the
pedal keyboard. Then unsolder the
pedal cable from the generator.
Remove the three pedal-keyboard
twisted wires from the amplifier ter-
minal panel.

Place wooden strips under the
pedal keyboard assembly to support
it. Remove the two screws in the
back of the console and the three
on the lower shelf, to the right of
the amplifier. Lift the console and
pull out the keyboard and strips.
When reinstalling the pedal key-
board, replace the two screws in the
back of the console first. Leave them
loose until all remaining screws
have been replaced.

Removing The Expression Pedal

To remove the expression panel,
disconnect the two twisted wires
from the “W” and “X” terminals
on the amplifier. Prop up the right
end of the console at least six in-
ches from the floor. Remove the two
bolts from the expression-pedal
base. (They are visible from the
front of the console, near the floor.)
Remove the two screws (from under
the console) that fasten the other
end of the pedal base to the pedal
cover. Unhook the coil spring from
the expression-control arm. Take
out the screw linking the expres-
sion control to the expression pedal.

TONE
TABLETS

~ EXPRESSION
L ~ CONTROL
PEDALS

Fig. 5-19. The Hammond Model S-6 Chord organ.

PART 2—THE MODEL S-6 HAMMOND
CHORD ORGAN

The Hammond Model $-6 chord organ pictured in Fig. 5-19 has
a 87-note keyboard which is played with the right hand, and 96
chord buttons which are played with the left hand. In addition,
the chord bar (rhythm bar), operated by the thumb or palm of the
left hand, accents the chord rhythms. There are two bass pedals,
which are played with the left foot. The one on the left sounds
the “root” note for any chord, and the one on the right sounds
a note which is a musical “fifth.” The twenty tone tablets control
the tone colors and percussion effects, such as marimba, xylophone,
Hawaiian guitar, vibraphone, orchestra bells, and others. The three
balancers control the relative volumes of the melody, chord, and
pedal sections. The lever-type expression bar is pulled down to
actuate the on-off switch, and is operated by the right knee to vary

the over-all volume of the instrument.
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GENERAL DESCRIPTION

The tones of the Hammond chord
organ are generated by vacuum-tube
oscillators, and then mixed and am-
plified by additional vacuum-tube
circuits. Fig. 5-20, a simplified block
diagram of this organ, shows how
the playing keys control the solo
and organ tone-generating systems.

Accompaniment tones originate
in the chord generating system. The
chords, selected with the chord but-
tons, are emphasized by pressing the
chord bar. At the same time, the
pedals furnish the correct bass notes
to harmonize with the chords. The
chord-button and pedal systems are
controlled separately by the various
control tablets. There is no balancer
for the chord system; however, the
pedal volume is regulated by the
pedal balancer. Tones of all divi-
sions are combined in the ampli-
fier and regulated by the expression
control before emitting from the
speaker.

Tone Qualities

The tone qualities of the various
divisions can be changed by the
Mute, Strings, Flutes, Solo Wood-
winds, and five Solo Timbre tablets.

Vibrato

The vibrato effect is available on
all tonal divisions in the Hammond
Model S-6. On the solo division, the
extent of vibrato is adjustable. The
terms ‘‘small” and “wide” refer to
the extent of pitch variation. The
rate of vibrato is created by a per-
iodic raising and lowering of the
pitch about six times a second.

Turning On and Off

The Hammond chord organ turns
on quite differently from the larger
models. The on-off control is in-
corporated on the volume (expres-
sion) control. The expression-con-
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trol lever is mounted under the
keyboard. It is swung downward
and to the right and operated with
the right knee. When the lever is
moved downward to the operating
position, a slight click will be heard,
and the pilot light above the key-
board will light, indicating the in-
strument is on. Further pushing this
pedal to the right will increase the
volume. To turn the organ off,
swing the lever to the left and up-
ward until the switch clicks and the
pilot light goes out.

Musical Divisions

The solo division on the keyboard
is played with the right hand and
supplies the melody. Because of its
variety of tonalities in all pitch reg-
isters, it is used practically all the
time. Only one note can be played
at a time. When several keys are
held down, only the highest one
will play.

The organ division is independ-
ent from the solo division, although
played by the same keys. The organ-
division tones augment those from
the solo division, making it possible
for full chords to be played with
the right hand. Both the solo and
the organ divisions can be played
at the same time. The melody note
is usually the higher one and is
played by the solo division. It can
be emphasized by the use of a con-
trasting tone quality and a greater
volume on the solo division.

The chord division, which has 96
buttons played by the left hand,
furnishes the accompaniment to har-
monize with the melody. (See Fig.
5-21.) Each button selects a full
chord and an accompanying bass
note. Only one button is played
at a time. The chord division also
includes a chord bar, which is
played with the palm or thumb of
the left hand. If the Sustain Cancel
tablet is off, the chord will sound
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Fig. 5-20. Simplified block diagram of the Hammond Model S-6.
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Fig. 5-21. Location of the chord buttons.

softly; it can be made louder by
pressing the chord bar.

The pedal division, consisting of
two bass pedals played with the left
foot, sounds the deep bass notes
selected by the chord buttons. Two
different notes can be played for
each chord.

Expression Control And Balancers

As previously mentioned, the ex-
pression-control lever extends un-
derneath the keyboard and is op-
erated by the right knee. It regulates
the volume of the entire instrument,
and also turns it on and off.

The 'three balancers adjust the
volume of the pedal, organ, and
solo divisions. The best average bal-
ance is obtained when the wording
on all three knobs is horizontal.

Control Tablets

There are twenty control, or stop,
tablets which control the pitch
range, tone quality, attack, decay,
and vibrato of the various divisions
(also, the over-all volume and the
effect of the chord bar).

Volume Soft — The Volume Soft
tablet supplements the action of the
expression control by reducing the
volume of the entire instrument.

Mute—The Mute control makes
the chord-button tones mellower.
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Pedal Decay — The Pedal Decay
control tablet determines how fast
the sound dies away after the pedal
is released.

Tone Quality Selectors—These se-
lectors control the tone quality of
the organ division. When they are
not used, the organ division will be
silent. The Strings tablet produces a
“prilliant” tone; the Flutes tablet,
a mellow and pure one. Both to-
gether give a full, rich quality.

Vibrato Cancel—The vibrato is
normally on in the Hammond
Chord organ. The Vibrato control
cancels the vibrato effect when it is
not desired.

Organ and Chords — The Organ
and Chords control cancels the vi-
brato of the chords and the organ
division.

When “Solo Small” and ‘‘Solo
Wide” are pressed at the bottom,
the vibrato in the solo division is
canceled. For small solo vibrato,
press only the “Solo Small” in at
the top. For medium, press only
“Solo Wide.” When both are
pressed at the top, the vibrato is
maximum.

Solo Register Controls—The Solo
Register controls determine the
pitch of the solo division. Bass
places the solo tones in a low reg-
ister. Tenor moves them one octave

higher. Soprano moves them up still
another octave. They can be used
in combination to produce a chorus
of tones in octave relations, much
like the effect obtained with organ
couplers. At least one of these con-
trols (and a timbre control) must
be used to obtain a solo tone.

Tone Family Selector—The Tone
Family Selector changes the quality
of the solo tones from the string
or brass to the clarinet or woodwind
family.

Solo Fast Attack and Solo Per-
cussion—The attack of the solo di-
vision normally is smooth—suitable
for slow-moving melodies. Solo Fast
Attack speeds up the attack for fast-
moving melodies. When Solo Per-
cussion is used, the attack becomes
fast and the note fades away slowly
if the key is held down. When both
tablets are used, the fading will be
very rapid. A solo note will not be
percussive unless all keys are re-
leased before it is played.

Solo Timbre Controls—The tone
controls (Deep-Tone, Full-Tone,
First-Voice, Second-Voice, and Bril-
liant) change the frequency charac-
teristic of the solo division in order
to modify the quality of the tones
selected by the solo register controls.

CIRCUIT DESCRIPTION

The block diagram in Fig. 5-22
shows the connection of the various
components and circuits in the
Hammond Model S-6. The parts
connected by arrows show the sig-
nal paths. Controlling circuits are
shown by lines without arrows.

Keyboard

Four sets of contact springs are
operated by the playing keys. They
are the tuning and control contacts
for the solo and organ divisions.
Four rows of springs contact the
four bus bars extending the length

of the keyboard. Some keys have
four contacts, others only three. -
The tuning contact of each division
always closes before the control con-
tact. The bus bars can be moved a
short distance endwise and a slotted
stud under the keyboard can be
turned to provide a fresh surface
should dust particles prevent a con-
tact from making properly.

Vibrato

A single low-frequency oscillator
furnishes the vibrato effect for the
complete organ. It is a triode in a
phase-shift circuit (see Fig. 5-23) that
provides a frequency of about six
cycles per second. The vibrato-
switch tube delivers a square-wave
output. The vibrato signal for the
solo oscillator is obtained from the
plate circuit of the switch tube.
Since the vibrato signal is connected
across the solo-oscillator tuned cir-
cuit, the two solo-vibrato.switches
provide compensating capacitors in
the vibrato-cancel position to main-
tain the correct mean frequency
with the vibrato on or off. The
organ and chord divisions receive
their vibrato from the cathode cir-
cuit of the vibrato switch tube.

Solo Oscillator

A single oscillator is employed for
all solo notes. The oscillator is
tuned to the soprano frequency by
a series of tuning coils (L1 through
L37) as shown in Fig. 5-24. (Note:
Coils L7 through L31 and their as-
sociated contacts are omitted in Fig.
5-24 for simplicity.) When a key is
depressed, its tuning contact shorts
out some of the coils; the remaining
coils form the oscillator tuning in-
ductance. If two keys are depressed
at the same time, the solo oscillator
will sound only the higher-pitched
tone. When the lowest note is
played (it has no solo tuning con-
tact), all 37 solo tuning coils are
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control except Brilliant has a second
contact, connected in a volume-com-
pensating circuit, to prevent an ex-

tack tablet (also Fast Decay with
Solo Percussion). This adds R76 in
parallel with R75 and thereby re-

<
cessive increase in volume when two  duces the time for C60 to discharge § g e5
. o
or more controls are operated at and the control-tube grids to reach ‘Q.E!g@ yﬁgz
» . . . - <
the same time. cutoff. The percussion circuit uses a%%,@i F ]
-3 Io

Solo Control Tubes

three diodes in a single tube enve-
lope (V30). One is a rectifier for a

Al S

24A

*ORGAN"
BALANCER

TUNING BUSBAR

Solo input, transformer T1 (Fig. separate ungrounded 30-volt supply 3 o R et W é
5-25) drives the two push-pull con- (not shown in Fig. 5-25). The posi- » J E.:ﬁiﬁ ok a.J §§] s ogess is
trol tubes. These tubes are normally tive terminal of the 30-volt supply %-&:.T@'_:Fih i s ¥ i R 3
cut off because their grid circuit is connects to point A in Fig. 5-25, ) { sis 5k i 250 p L y & i

; A . b Pt — ii> s 8
at about 45 volts and their cath- and the negative terminal connects a 0 | . il i M,
odes are held at about +387 volts to point B. The other two diodes B s LMt ,\) Sl % ¥ 25
by a voltage divider composed of are clamp and switch diodes which i‘“ [ - gy ‘E{égj‘;l e : A i
R82, R83, and R84. When a key hold a constant +5-volt potential J’“‘fé'ﬁ"@_;—;;gi; i A o Al Eé_@gj}q I
is depressed, its solo-control contact on the control-tube grids until a i e B |4 HETEL L
(Fig. 5-24) grounds the voltage di- key is depressed. When a key is o M ol alf o i
vider, removing the cutoff bias and depressed, the plates of the clamp T l_%g,‘%""_l i) - e |
allowing the tube to conduct and and switch diodes are reduced to ( Boe (O o sonie ) 3 R s |
the note to sound. When the Solo —30 volts, leaving C60 free to o L G 3 |4 ;
Fast Attack and Solo Percussion tab-  charge. m‘:'ﬁ‘“ﬂ*l‘—w““—*m = ol x
lets are off, capacitor C58 makes y e - A ety S | s I
the attack comparatively slow be- Organ Oscillators = L ":'L-‘T@,—:Fli e
cause a sudden decrease in the Each of the 16 organ oscillators i el 88 o i) :1::: £ IR
positive cathode voltage (caused by uses a single triode and a tapped e %‘m : |0 o I R |
depressing the key) results in a coil as shown in Fig. 5-26. (Note: 4‘"5::; e s |l T o 17
negative surge through C58. This Four stages have been omitted in Lt o) 2R sangn, /S AsU E":«:‘:':I';"”'Sl il
surge charges C60 negatively, and Fig. 5-26.) Most of the oscillators 1 Il el ~>§Tf~., it "

the grid voltage temporarily moves
in the negative direction. This
maintains the cutoff condition for

When the Solo Percussion tablet
is on and a key is depressed, the
control tubes conduct (because the
cutoff voltage is removed from their
cathodes) and the note sounds loudly
at first. A charging capacitor (C60)
in the grid circuit of the control
tube then causes the signal to fade
away. Slow decay is changed to fast
decay by pressing the Solo Fast At-
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an instant after the key is depressed, ing notes.) Because adjacent notes ke T o o o ¢. o
. . Lm s i 1t b4
until the charge in C60 leaks off are almost never played togethe.r, ! A £ LS st g
through R77. When the Fast Attack this arrangement enables 16 oscil- © « g 2
tablet is on, R78 is connected in lators to supply 37 organ notes, with i 82, Ml
series with C58. This stops the surge frequencies ranging from 175 to g%% ;g;‘,,w‘i H
. 4 . ooor & 2
through C58, so C60 is not charged 1,396 cycles per second. The highest oo 21—1 [ G2d { ol
L 3 . . . U5 = Aosi occss 267 % i «
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tuning coil. Therefore, the highest o | <gsl 7 oo 17
e S : L I o H

are used for two adjoining notes.
(Some at the high and low ends
of the keyboard play three adjoin-

note of each oscillator requires no
tuning contact. The oscillator does
not operate until a key is depressed,
because the control contact of the
key supplies plate voltage to its os-
cillator. For the lower note of each
oscillator, the tuning contact con-
nects another capacitor across the
lower part of the tuning coil. This
tap is located so the capacitor will
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Fig. 5-26. Organ oscillators.
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have the same value as the one
permanently connected across the
coil. Where an oscillator serves
three notes, the middle tuning con-
tact connects a third capacitor in
series with the one to the tap. A
small resistor is inserted in series
with the third capacitor so that all
three capacitors can be of equal
value. Each coil is tuned by sliding
half of the iron core toward or
away from the other half.

Organ Controls

Each oscillator supplies two types
of tones, which are selected by the
Strings and Flutes tablets. The
string signal comes from the lower
end of the tuning coils, with resis-
tor R185 to ground; and the flute
signal comes through a decoupling
resistor from the upper end of each
tuning coil.

The vibrato effect on the organ
oscillators was described previously.

Chord Oscillators

The six chord oscillators, which
are similar to the organ oscillators,
cover the octave of frequencies from
175 (F) to 330 cycles (E). Each one
uses a single triode with a tapped
coil, and by using two tuning ca-
pacitors, each can play either of
two adjacent notes. (See Fig. 5-27.)
Only six oscillators are needed for
the twelve chord notes because no
chord button employs more than
five oscillators nor requires two ad-
jacent notes. The chord oscillators
differ from the organ oscillators in
that they operate continuously,
whether notes are being played or
not. The signal output is taken
(through the bus bar) from the plate
circuit of each oscillator.

Chord Buttons

Each of the 96 chord buttons se-
lects the correct three or four notes
for that chord (also the correct notes
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for the right and left pedals to be
played with that chord). The pedal
notes are lowered two octaves by
pedal frequency dividers to produce
the proper musical accompaniment.
The notes played by the buttons
are predetermined by the positions
of small projections on 96 piv-
oted levers underneath the buttons.
These levers press against actuators
which operate the necessary contact
springs. Each of the 96 buttons
operates a different combination.
The chord and pedal notes associ-
ated with each button are given
in Table 5-1.

For each chord note, a chord-
signal contact must close and a
tuning contact must tune the cor-
responding oscillator (if it is not
already playing the correct note).
Each button closes three or four
chord-signal contacts and as many
as four tuning contacts, plus two
more contacts that select notes for
the right and left pedals. The 24
contact springs operate the contacts
(six each) for the chord signal,
tuning, and left- and right-pedal
signals. These contact the four bus
bars. The tuning bus bar is
grounded, the chord-signal bus bar
carries the chord signal to the pre-
amplifier, and the last two carry
the pedal signals to the pedals.
These bus bars can be moved end-
wise a very short distance with the
bus-bar “shifter” to provide a fresh
surface in case of poor contact.

Bass Pedals

Each chord button selects the
proper two musical notes for the
two bass pedals. The note selected
for the left pedal is always the
root (key) note of the chord, and
the one for the right pedal is a
musical fifth. For example, the root
note of the C major chord (having
notes C, E, and G) is C, and the
fifth note is G. (See Table 5-1.)
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TABLE 5-1. NOTES SOUNDED BY EACH CHORD BUTTON TABLE 5-1. NOTES SOUNDED BY EACH CHORD BUTTON—(Cont (_l)

: { Left  Right Left  Right
iy g S Button Notes Pedal P(fial Button Notes Pedal Peial
Button Notes Pedal Pedal Button Notes Pedal Pedal Sl Note L iN G i Ghotd R e
in Chord Note Note in Chord Note  Note .
C6 GACE Cc G F46 Ff Ag C# D F C
Db6 FGHAfC# Cf  Gf G6 ' GBDE ¢ D 9 GAfDE ¢ | F§9 cﬁ; A"”# C‘; E# r-## Ci
Db9 FG#BD¢ ct G G9 FABD G D Cmj GCE c G Ffmj FgAfCg F C
Dbmj FG#C Cf .+ Gf Gmj GBD G D Cm GCD§ c 6 Fgm  FjACH Ff c#
Dbm G#CHE ch. G Gm  GA¢D ¢ D c1 GA#CE C G F§7  FHAHCHE  Ff ct
Db7  FG#BCH (oF" G G7 FGBD G D C— FfACD{ c Ff Ffj— TFHACD{ F# G
Db— GA}CHE CH G G—  GAJCHE G (o' C+ G§CE C G Ff4-  FfA§C Fi D
Db4 FAC{ Cg A G+ G B D¢ G Dg Cm7 GAfCD§ C G Ffm7 F#ACHE Ff C#
Dbm7 G#BCHE Cc#  Gi Gm7 FGA#D C D
The pedal notes cannot sound second dividers are mixed:to give
“:Eg 5 #G‘f #CCDg # gz gz gg f_g 2 2]}2 g 2 until a pedal is played. As the the desired pedal tone. The com-
¢ : pedal is depressed, its signal contact bined pedal signal is then fed
Abmj G CD¢ G D Dmj FfAD D A Fie. 5-28) cl first A 3 h h fl k i
Abm  G# B Dy G D Din FAD b e (Fig. 5-28) closes first, carrying the through a tone-filter network into
Ab7T  F#GfCDf c# D D7 F4ACD D s note from the chord-switch bus bar the pedal control tube.
Ab_ FGHBD G b e FGEBD D G to the pedal frequency dividers. The
Ab & gE G# i ¢ ‘f & % # pedal note will not be heard, how- Pedal Control Tube
Abjn_7 F;G # B Dy Gz II;# gi,] :_i g D D 2# ever, until the pedal contact closes The pedal keying wire is con-
_ and energizes the control tube. nected to 432 volts. When a pedal
Eb6 G A{CD{¢ Dg Af A6 FfACHE A E (This tube follows the pedal fre- is depressed, the cutoff bias is re-
Eb9 FGAfCH D A A9 GBCHE A E B quency dividers.) The signal con- moved from the pedal control tube
Ebmj G Af D¢ D¢ A Amj ACHE A E )L tacts of the two pedals are me- and the note sounds with a con-
Ebm  Ff Af Df D¢ Af Am ACE A E chanically interlocked so the last trolled rate of attack, which is de-
Eb7 GAfCEDf  Dg A A7 GACHE A E \"‘ contact played remains closed until termined by R259 and C220. If the
Eb—  FfACD§ D# A As Ff A C D¢ A Dy the other pedal is pressed. Pedal Fast Decay switch is closed,
Eb4+ GBD¢ Df B A4+ FACH A F ol the tube cuts off much more rapidly
Ebm7 FjA§CDf Df Af Am7 GACE A E Pedal Frequency Dividers and the capacitor charges sooner.
Although the pedal notes selected ~The signal from the pedal control
Bb6  FGAfD Af F E6 G#BCHE E B by the chord buttons and pedals are  tube goes through the pedal bal-
Bb9  FG#CD Af F E9 FG#BD E B the correct ones, they are still in the ancer to tube V20 (Fig. 5-29), where
Bbmj FA#D Ag F Emj G#{BE E B pitch range of the chord tones. To it joins the combined solo, organ,
Bbm  FAfCf Af F EM GBE E B bring them to the right pitch, they and chord signals.
Bb7  FG{A§D Af F E7 G#fBDE E B are fed into two frequency dividers
Bb— GAfCEE Af E E_— GAfCHE E Af (Fig. 5-28). Each one divides the Chord Bar and Sustain Cancel
Bb{ FfAfD Ag Ff Ef  G§CE E C input frequency in half. The out- When the chord bar is depressed,
Bbm7 F Gy A Cf A F Em7 GBDE E B put is the same note of the scale, the chord signal passes directly to
F6 FACD F C ﬁﬁ F§ G§ B D§ B Fi b}lt one octave lower. The two di- the preampliﬁ(.er. At all other times,
F9 G ACD} F C BY F§ A C§ Df B Fi viders, in cascade, lower the signal part of the signal passes through
Fmj FAC F C Bmj FfBD§ B Fj two octaves below the chord.notes R271, resulting in faint-sounding
Fm FG§C F c B F4 B D B Fi éflrr;d thus prodgce pfe(i:‘a}l not8es in the chord tones..
F7 F A CDg F Cc B7 Ff A B Df B Fj quency range of to 82 cycles g Yok
F_ FG#BD F B B FG#BD B F per second. A limiter tube preced- pime S0
F4 FAC# B C# B4 G B Dj B G ing the pedal first divider estab- The Volume Soft contro! shunt's a
Fm7 FGjCD§ F C Bm7 F#ABD B ¥4 ll_shes waveshapes suitable for trip- resistor (R276) across the signal line
ping the divider properly. Signals to reduce the volume of the solo,

from the limiter and the first and

organ, and chord tones equally.
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Fig. 5-29. Preamplifier and amplifier c

Fig. 5-28. Pedal circuits.
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Fig. 5-31. Top view of a generator chassis.

Fig. 5-30. Power-supply circuit.
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Expression-Control Unit

After passing through the second
stage of audio amplification, the
signal reaches the expression-control
unit (see Fig. 5-29). This is a special
variable air capacitor with two sets
of fixed plates, plus a set of mova-
ble plates mechanically coupled to
the knee-operated expression-control
lever. With the lever in the “loud”
position, the plate signal of V20 is
capacitively coupled directly to V27;
in the “soft” position, it goes
through a tone:compensating net-
work which attenuates the signal.

Power-Output Stage

Tube V27 (Fig. 5-29) is a common-
cathode impedance phase inverter
which drives the two output tubes.
An adjustable feedback capacitor
C287 acts as a factory-adjusted vol-
ume control.

Power Supply

The power-supply circuit (Fig. 5-
80) is of conventional design using
resistance-capacitor filters. Tube V30
is the separate ungrounded 30-volt
supply for the solo control tubes
(Fig. 5-25). Points A and B in Fig.
5-30 connect to the same points in
Fig. 5-25).

BUSBAR SHIFTER FOR
CHORD BUTTONS AND CLIP

BUSBAR SHIFTER

FOR KEYBOARD

e e eATe

FRONT RAIL SCREW

SERVICE ADJUSTMENTS
AND TUNING

As in all electronic devices, the
vacuum tubes are the most likely to
cause unsatisfactory operation. Fig.
5-31 shows the location of all tubes
and the other major components on
the Hammond Model S-6 chassis.
The tubes used in the Hammond
organ are all standard types that
can be tested like any others. You
may have to resort to substitution
when the indicated trouble is a
noisy or intermittent tube.

All resistors are standard and can
be procured through local parts dis-
tributors. However, always be sure
to replace them with ones of the
same value and with at least equal
or higher ratings. The capacitors
used in the Hammond organ are
highly resistant to humidity and
moisture. They should always be
replaced with ones of at least equal
quality.

Bus-Bar Shifters

If a chord switch or a key or
contact in the key-switch assembly
appears to be failing, adjust the
related bus-bar shifter to bring a
new contact surface into bearing.
The two bus-bar shifters are shown
in Fig. 5-32.

2 KEYBOARD END BLOCK
MOUNTING SCREWS

FRONT RAIL

o
o
o
o
o
o
o
Callk

| | L] 0, R ) (0] ] () © o) [e] (0] 9
KEYBOARD TERMINAL STRIP COVER
® e Ll /
% 1 O

2 KEYBOARD CHASSIS
MOUNTING BOLTS

/
8 SCREWS PR 4

TERMINAL STRIP COVER

TO KEYBOARD

Fig. 5-32. Underside of the keyboard.
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Contacts On Control Tablets

The control or stop tablets may
fail because of dirt on their pre-
cious-metal contact surfaces. Clean
the offending contact spring (gently,
in order not to bend it out of
shape). The corner of a piece of
fairly stiff, clean paper is handy for
cleaning the contacts. (NEVER use
emery cloth or emery paper.)

Adjustment Of Solo Tuning

The two tuning knobs on the
back of the generator (labeled “Big
Steps” and “Small Steps” in Fig.
5-31) tune all solo notes up or down
at the same time.

Tuning Of Individual Organ and
Chord Notes

The owner’s manual supplied
with each organ gives instructions
for this operation under “Screw-
driver Tuning.” However, it is sel-
dom necessary, except in extreme
cases.

Tuning Of Individual Solo Notes

The chord organ is tuned to
standard pitch at the factory, and it
should remain in tune for a very
long time. The solo tuning system
is very stable in regard to the musi-
cal intervals between tones.

After long use under extremely
adverse humidity conditions, some
of the solo notes may not be exactly
in tune. Before deciding to retune,
be certain the notes are actually far
enough out of tune to make them
unsatisfactory. Small differences of-
ten are desirable, because they cause
a chorus effect which adds richness
to the tone. A note generally re-
quires retuning if the Small Steps
knob must be turned more than one
step to bring it into tune. If tuning
Is required, the following procedure
1s recommended:

NOTE: Although a chord or
organ oscillator can be tuned
individually, no solo note can
be adjusted without affecting
the ones below it. If any solo
note has to be tuned, the fol-
lowing procedure must be ad-
hered to in the proper order.

1. The Hammond Organ Com-
pany recommends that the
voice-coil terminals of the
chord organ be connected to
one set of plates (either hori-
zontal or vertical) of an oscil-
loscope, and the voice-coil ter-
minals of another Hammond
organ to the other set of plates.
Pull out only the first white
drawbar (fundamental) of the
organ and press the corre-
sponding preset key. If the
organ is equipped with vibrato,
tremolo, and/or chorus, they
should be turned off.

2. Turn the chord organ on for

at least 15 minutes before
starting to tune it. Press all
20 “control tablets in at the
top, and the Tenor, Full Tone,
and three Vibrato Cancels in
at the bottom.

3. Remove the top cover of the

chord organ to expose the solo
tuning coils. (Keep the gener-
ator and control assembly cover
in place.)

4. Observe the setting of coil 37.

(Fig. 5-33 shows the locations
of all coils. All coils are in a
single row in the organs, but
are shown broken in Fig. 5-33
for simplicity.) The end of the
coil bobbin should be 142 inch
from the end of the iron core.
If not, loosen the clamp screw
and slide the coil carefully for-
ward or backward until the
bobbin end is even with the
core. Then tighten the clamp
SCrew.
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5. Hold down the highest key (F)

of the chord organ and F on
the other organ. Adjust the
volume levels so the horizontal
and vertical deflections of the
oscilloscope are almost equal.
. Readjust the Big Steps and
Small Steps solo tuning knobs
to make the oscilloscope wave

pattern move as slowly as pos-
sible.

. Adjust coil 37, if necessary, to

bring the chord organ in tune
with the other Hammond or-
gan. (The oscilloscope pattern
will stand still, or move no far-
ther than one cycle in two
seconds.)

8. Release the F keys and hold
down the next lower ones (E)
on the two instruments. Adjust
coil 36 the same way. Repeat
for all other keys and coils in
the proper descending chro-
matic order. It is extremely
important to start with the
highest note and progress
downward one key at a time,
because the tuning of the

solo oscillator and frequency divid-
ers in Fig. 5-24; the solo register -
controls, solo preamplifier, and solo
control circuit in Fig. 5-25; the
organ oscillators in Fig. 5-26; the
chord oscillators in Fig. 5-27; the
pedal frequency dividers and con-
trol circuit in Fig. 5-28; the ampli-
fier in Fig. 5-29; and the power
supply in Fig. 5-30. Fig. 5-31 shows
the location of the tubes and prin-

C
C SOLO TUNER CABLE

INTO KEYBOARD

Fig. 5-33. Location of the solo tuning coils.

readings are based on a supply-line
voltage of 117 volts AC.

Waveshapes can be checked with
an oscilloscope. In some parts of
the circuitry, particularly in the os-
cillators and the frequency dividers,
the waveform is very important. The
patterns can then be compared with
the ones on the circuit diagrams.
(Some oscilloscopes may show in-
verted patterns, but it makes no
difference as long as the shape is
correct.)

Malfunctions

The schematic of the vibrato cir-
cuit was given in Fig. 5-23; the

lower notes depends on the cipal components on the generator
TUNING COIL SOLO TUNER ASSEMBLY-(REAR VIEW) hlgher coils. " H Cha_ssm’ and Flg. 5-34 shows t.he lo-
NUMBERS o il 9. After completing the tuning, cation of the tubes and coils on
0 / ;. recheck all notes to make sure the organ oscillator assembly. The
: e s e s 1 S 1 o | ey e AT A all coils are tuned accurately. rectifier tube is located on a sepa-
"Bae “DE |l 35V&i1wlm M3411M|64[}{[33ﬂ(” s MH 32 rate power pack. Refer to these
o9l ©___olle__ojle__eile__Sl__elle__ojle__Slle__ S b diagrams for tube location and com-
38 37 37 36 19, 18 35 36 17 1835 3417 1633 34 15 163 TROUBLESHOOTING onent function in the following
L L L L SR Lk Lyt L L L [ Sl S L L p
| ! The chord organ may appear com-  service hints.
plicated, but a study of the circuit Entire Instrument Fails To Play—
diagrams in Figs. 5-21 through 5-30 Check the line voltage, the rectifier
] 7 O Y R 0 T 4731 e e o it g 7 will show that troubles can be easily tube, amplifier tube V20, and phase-
R ,SYE Nao EEY,Z [E 3129 M;EP?H 45 T}q 27H<l:l S Y::Pun isolated by observing the operation inverter and driver tube V27.
S0 S S S S 48 s dlls & of the various controls. In the fol- No Vibrato Effect—Check the
3215 143 3213 431 3013 1229 229 28 1l 1027 28 9 1027 lowing list of malfunctions, it is vibrato-oscillator tube (V2) or the
R R R T Al pe i assumed the instrument plays cor- vibrato-switch tube (V5).

rectly except as described. Radio-Frequency Oscillation —
‘h After a trouble has been isolated Check R254 (Fig. 5-28), which acts

e —_— - T to a section, it will be helpful to as a radio-frequency suppressor.
il :EI “M » Y‘;{Yu]}rﬂ % 51 ;H‘;;’UZZJ\"N 4 I;El I compare the voltages with those in All Solo Notes Dead (Or Weak)—
i SR e L sl 1) e o R Y el A . 0 . the circuit diagram for that sec- Check the solo oscillator tubes (V1
T S S T 3 e AL e tion. Make all measurements with and V2) or the solo preamplifier
B L e i s T SR a 20,000-ohms-per-volt meter. All tube (V8) and replace those found

defective.

Solo, Organ, and Chord Divisions
Dead (Or Weak)—The preamplifier
tube (V20) is probably defective.

One Key Will Not Play A Solo
Note On Any Register Control—
Probably a dirty solo-control con-
tact on one key. Adjust the solo-
keyboard bus-bar shifter to provide
a new contact surface.

One Key Plays the Lowest F Solo
Note Instead of Its Correct Pitch
(Adjacent Keys Play Correctly)—
The solo tuning contact is probably
dirty. A dirty contact can also cause
a noisy (scratchy) note. Adjust the
solo-keyboard bus-bar shifter.
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Fig. 5-34. Organ oscillator assembly.

One Solo Timbre Conitrol Will
Not Turn Off— Probably a dirty
control contact, which should be
cleaned.

All Solo Notes Fail To Play In
One Position of Solo Woodwinds—
Probably a dirty contact. Clean the
tablet contacts.

Solo Key “Thumps” or “Clicks”
—A “thump” each time a key is
released indicates that the two solo
control tubes (V9 and V10) are not
properly matched. Install two new
matched tubes.
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One Solo Register Control Does
Not Play For One Position Of The
Solo Woodwinds Tablet—One con-
tact of the register control tablet is
probably dirty and should be
cleaned. If the Bass tablet also fails
while Solo Woodwinds is off, the
bass-rectifier half of tube V7 may
be defective.

Solo Bass Does Not Play (Solo
Woodwinds Either On or Off)—
Check tube V6. This tube may also
make the tones very noisy or an
octave too high.

Solo Bass Does Not Play At All,
Tenor Does Not Play When The
Solo Woodwinds Tablet is Off—The
second-divider driver tube (V5) is
probably defective. This tube may
also cause the notes to be noisy
(irregular) or an octave too high.

Solo Bass and Tenor Will Not
Play At All, Soprano Will Not
Play When The Solo Woodwinds
Tablets Is Off—Check the oscillator
rectifier tube (V3). NOTE: A com-
mon bias resistor (R37) and bypass
capacitor (C31) is used for all solo
and pedal dividers (see Fig. 5-24).
A fault in either part may cause all
solo and pedal dividers to fail. A
fault in one divider can upset the
common bias and also make all

~ dividers fail. As a help, shunt an-

other resistor across R37 of a value
that will restore the bias to normal.
All dividers except the faulty one
should then work.

Solo Small or Solo Wide Vibrato
Does Not Come On When The
Vibrato Cancel Tablet Is Pushed

. In At The Top—The tablet con-

tacts are dirty. Clean as recom-
mended before.

Average Pitch Of A Solo Note
Changes When Solo Small Or Solo
Wide Is Manipulated—The compen-
sating contact of the tablet is dirty,
or the compensating capacitor is off
value. Clean as recommended, or re-
place the capacitor.

One Key Will Not Play An Organ
Note—Dirty organ-control contact
on one key. Adjust the keyboard
bus-bar- shifter.

Two, Three, Four, Five, or Six
Adjacent Keys Will Not Play Organ
Notes—All organ oscillator tubes are
dual triodes, and each half plays
two or three adjacent notes. If one
triode fails, two or three notes will
also fail. If the whole tube is
burned out, four, five, or six notes
will not sound. The following is
an aid in locating faulty tubes:

Low F, Ff, and G; low G§,

4, and A#; or all six ... . V12
Low B, C, and Cf; low D,

D¢, and E; or all six ... . V13
Middle F and F#; middle

G and G§; or all four .. .. V14
Middle 4 and Af; middle

B and C; or all four ... . V15
Middle C# and D; middle

D# and E; or all four .. .. V16
High F and Ff; high G and

Gz oriall fonr. 0. 0 V17
High 4, and 4f; high B and

Gsioxallvfomt. . s..v.. P18
High C# and D; high D{,

E, and F; or all five .... V19

Organ Strings or Organ Flutes
Will Not Play For Any Key—The
corresponding tablet has a dirty
contact. Clean the contacts care-
fully.

One Key Plays An Organ Note
Having the Pitch of the Next
Higher Note—The organ tuning
contact is probably dirty. (This may
also cause a noisy or irregular note.)
Adjust the keyboard bus-bar shifter
to provide a new contact surface.

Organ and Chord Vibrato Effect
Will Not Turn Off—The Organ and
Chords vibrato cancel tablets has
a dirty contact. Clean as recom-
mended.

NOTE: A single note in a
chord is hard to detect because
it will be masked by the other
notes. Trouble in the chord
section (which includes the
chord button and pedal divi-
sions) will probably affect both
divisions; therefore, in the fol-
lowing, the pedals are used to
determine failures in the chord
section.

One Pedal Fails To Play With
Any Chords—If the other pedal
plays correctly, the oscillators, pedal
control tube, and frequency dividers
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are working. Check for dirt in the
signal and control contacts of the
pedal switch. They can be cleaned
in the same manner as the control
tablets.

Both Pedals Fail To Play With
Any Chords—Check the pedal con-
trol tube (V8) and the pedal fre-
quency-divider system (V24, V25,
and V26). Failure of the divider
system may make the pedals elec-
tronically noisy or one or two oc-
taves too high.

One Pedal Fails To Play With
Certain Chords—If the other pedal
plays correctly with all chords, all
oscillators are working. Therefore,
pedal-signal contact in the chord
switch is probably poor. Adjust the
chord-switch bus-bar shifter to ob-
tain a new contact surface.

One Pedal Fails To Play With
Some Chords, and the Other Pedal
Fails to Play With Other Chords—
Check for one or more dead oscil-
lators. The left pedal plays the
root note of the chord; the buttons
with which the left pedal fails to
play will indicate the defective
oscillator.

If half a tube is faulty, both
notes associated with it will be miss-
ing. If the entire tube is at fault,
four notes will be absent. The fol-
lowing list will aid in locating
faulty tubes in the pedal system:

plays for each chord. The same
notes will also be missing from the
chords, but their absence will not
be noticed except by a trained ear.

Pitch Of One Pedal Is One Note
Too High On Some Chords—A
tuning contact in the chord switch
has failed to close. The note will
have the wrong pitch, no matter
where it occurs on either pedal or
in the chords. To remedy, adjust
the chord-switch bus-bar shifter for
a new contact surface.

Pedal Fast Decay Tablet Does
Not Affect the Decay Rate—Dirty
contact in the tablet. Clean the con-
tact as recommended.

Chord Bar Has No Effect (Chords
Play If Sustain Cancel Is Pressed
In At The Top)—Check for dirty
chord bar contacts. They can be
reached by removing the two screws
holding the chord bar. Clean in the
same manner as the control-tablet
contacts.

One Note Missing From A Chord
—It is difficult for anyone to identify
a missing note by listening to the
chord alone. For this reason, the
chord can be checkedagainst the
corresponding organ notes. This
is done by turning off all control
tablets except Flutes, Strings, and
Organ and Chords Vibrato Cancel.

‘Always refer to the chord-button

chart (Table 5-1) to see which notes

Left Pedal Fails Faulty Associated

to Play Oscillator Tube
All F and F# buttons ............ b 4 U AL eI g et e R TTRE AT e S V21
All G and AY buttons . .......... (& T 67 b O LU s 1 L 1t V21
All A4 and B? buttons . ........... APBARAGC LTS P VR s R V22
All“B and"C buttons: . Wil B@H sV e UM e, | V22
All'Dbiand" D buteohigihi) | isibieniil CHRDI R s amv iR, V23
All E? and E buttons . . .......... DFRRS R R R V23

If an oscillator is not operating,
its two notes will be missing from
the right as well as the left pedal.
The chord-button chart in Table
5-1 shows the exact notes ea¢h pedal
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are supposed to be present, and
then play the same ones in the
lowest keyboard octave. By alter-
nately playing the keys and the
chord button, you can easily tell

if the two chords sound alike and
thus determine which note is miss-
ing. If a note is missing but the
pedals play correctly on all but-
tons, most likely the chord-signal

contact in the chord switch is
probably dirty. This can be cor-
rected by adjusting the chord-switch
bus-bar shifter to bring a new con-
tact surface into position.
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Fig. 6-1. The Kinsman Model CP electronic organ.

CHAPTER 6

| THE KINSMAN
ELECTRONIC ORGAN

i The Kinsman organ (Fig. 6-1) is a modular console containing
several modules, or electrical subassemblies. (Although the Kinsman
. Models A, B, C, and CP are discussed in this chapter, most of the
information will apply to models which may be added to the line
- later.) Each subassembly is easily removable with simple tools, and
~ any organ can be restored to normal operation by simply replacing
‘ the faulty section.
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Therefore, the test procedures are of the utmost importance.
Kinsman Manufacturing Company permits no repairs to be made
on the various modules. Instead, they ask that the defective unit be
returned to the factory and a new one put in its place.

For this reason, test procedures will be thoroughly explained,
along with the methods of removing and replacing the units in
the console. This will be followed by a complete check of all
electrical and mechanical functions of the manual controls.

GENERAL DESCRIPTION

This organ consists of the tone
generator assemblies, one or two
manual keyboards, the pedal key-
board, the voicing panel, and the
amplifier power supply. The tone
generator assemblies consist of a
set of printed circuit panels which
can be removed individually. Fig.
6-2 is the rear view of the organ with
the back removed. All sections
except the keyboards and voicing
panel can be seen. The block dia-
gram in Fig. 6-3 shows all sections
and the paths followed by the sig-
nals.

All tones on the keyboards origi-
nate in the twelve tone generators,
one for each of the twelve notes of
the chromatic scale. However, there
are only six tone-generator printed-
circuit panels because each panel
carries the circuitry of two genera-
tors.

Each tone generator produces the
basic organ tone for six octaves of
any particular note. For example,
the D generator produces six D’s,
from the fourth D above to the sec-
ond D below middle C. In each tone
generator, the highest note is gen-
erated by a master oscillator using
half of a vacuum tube. This master
oscillator does not change pitch over
long periods of time or with varia-
tions in the power-line voltage.

Each progressively lower octave is
generated by an oscillator employ-
ing two small neon tubes, sometimes
154

referred to as a relaxation oscillator.
The oscillator which generates the
octave just above synchronizes the
neon tubes to generate a tone of
the same note but one octave lower.

When the master oscillator is
tuned with its individual adjusting
screw, each neon oscillator generat-
ing lower-pitched octaves of the
same tone is so closely synchronized
that the pitches of all tones in the
generator remain in tune with each
other. Therefore, only the notes in
the top octave have to be tuned.
The notes in all other octaves will
automatically follow.

The tone generators produce
tones at all times while the organ
is on. These tones are fed, through
a wiring harness, to the switches
under the manual keys. These
switches are an integral part of each
keyboard assembly. When a key is
pressed, two or more tone-switch
actions take place. For example, an
8 tone is switched to the 8 output
of the keying system, and a 4’ tone,
one octave higher, is switched to the
4’ output. In the Models B, C, and
CP, a 16’ tone, one octave lower, is
switched to the 16’ output, while a
fourth set of contacts in the upper
(manual) keyboard actuates the per-
cussion circuits.

The outputs of the keying systems
are fed to the bus amplifier panel,
one of the units in the tone genera-
tor assembly (see Fig. 6-2). These
tones are amplified and the separate
outputs fed to the voicing panel.

BUS AMPLIFIER & PEDAL

GENERATOR PANEL

TONE GENERATOR PANELS

TONE GENERATOR ASSEMBLY
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Fig. 6-3. Block diagram of the Kinsman organ.

Pedal tones are obtained differ-
ently from manual keyboard tones
because more than one pedal note
need not be played at a time. The
lowest octave tone from each tone
generator is fed to the pedal
switches, which are connected so
only one note at a time can be
switched to the output of the assem-
bly. If two or more pedals are
pushed at the same time, only the
tone of the lowest pedal will go
through to the output. This tone is
fed to the pedal generator, which is
either on the same printed circuit
board as the bus amplifiers, or on
the one next to it. Here, the tone
is amplified and the output of the
preliminary amplification fed to the
8’ pedal filters on the voicing panel.
In the pedal generator, the ampli-
fied 8’ tone is fed to a special cir-
cuit known as a “flip-flop.” The
“flip-flop” produces, at its output, a
note one octave below (one-half the
frequency) the note presented to its
156

input. The output of the “flip-flop”
is therefore one octave below any
other notes in the tone generators.
This lower-octave note is fed to 16’
pedal filters on the voicing panel.

The voicing panel imparts the dif-
ferent timbres to the basic generated
tones. This results in a wide range
of tone colors, and also makes the
tones an electrical parallel to the
instruments being imitated.

The Kinsman organ reproduces
the tone colors of the various instru-
ments by passing the electrical sig-
nal of the generated tone through
electrical filters on the voicing
panel. These filters have the same
suppression and emphasis charac-
teristics, at the same segment of the
frequency spectrum, as the instru-
ment being imitated. The tablet-
operated switches divert the tones
of the desired pitch registers into
the desired filters. From here, the
tones go to the output of the voic-
ing panel, where they are ampli-

fied, and then to the speakers, where
they are converted into sound.

This system of a raw tone con-
taining all harmonics, followed by
filters with the same characteristics
as the instruments, is the instrument
maker’s way of creating different
tone colors. Its action parallels the
one in orchestral instruments and
organ pipes. For example, to hear
an 8 oboe, the organist pushes the
proper tablet to pass only 8 tones
through the oboe filter. To combine
with this a 16’ tibia, he pushes the
correct tablet, and only 16’ tones
pass through the tibia filter. In this
manner the tone colors and pitch
registers can be selected independ-
ently, rather than having to sound
any tone color through all pitch
registers.

The outputs of the voicing panel
are combined and fed to the ampli-
fier, and from here to the speakers.
The amplifier chassis also contains
the power supply, which transforms
the power-line voltage into the vari-
ous filament and plate voltages
needed to operate the various sec-
tions of the organ. The chassis also
contains the “swell shoe” volume-
controlling potentiometer.

Vibrato

Vibrato is a regular variation in
pitch such as a violinist obtains by
vibrating his fingers on the strings.
In the Kinsman, the same effect is
achieved by a low-frequency oscilla-
tor on the amplifier chassis. The
output of this oscillator, applied to
the master oscillator tubes of the
tone generators, causes the fre-
quency to vary in all organ tones.
The voltage applied to the master
oscillators is controlled by a white
knob at the center of the voicing
panel. In this manner the player can
select the exact amount of vibrato
desired. The rate of vibrato can
also be controlled by an adjustment

located on the amplifier chassis
(Fig. 6-2).

Speaker System

The final portion of the organ is
the speaker system, which consists
of three separate speakers. Bass
tones are produced by a 12-inch
heavy-duty unit mounted on the
floor of the console and pointed
downward as shown in Fig. 6-2. The
lower section of the console interior
forms a bassreflex enclosure in
which the system gives full, clean
bass, down to the lowest organ tone
of 82.7 cycles. This large speaker
cannot handle the highest tones and
harmonics of some of the reeds and
strings (which extend upward to the
limit of human hearing). For this
reason, there are two treble speak-
ers—one on each side of the upper
section, behind the vertical wood
panel at the front.

TECHNICAL ANALYSIS

The operation of the Kinsman
organ has been discussed. Now we
shall proceed with a technical analy-
sis of each portion.

Tone Generators

The schematic of a tone genera-
tor, with a table of the values used
in all generators, is shown in Fig.
6-4. There are two generators on
each printed circuit panel.

The triode tube, half of a 12AX7,
is the master oscillator, operating in
a variation of the Hartley circuit.
Coil L1, approximately 300 milli-
henrys (mean value), is tuned by a
powdered-iron slug. C1 is the tuning
capacitor, and R1 is shunted across
this coil to reduce its Q. The Q af-
fects the degree of vibrato produced
by the vibrato-frequency voltage in-
jected from the vibrato oscillator
(on the amplifier chassis) through
R2. R1 produces a constant vibrato
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effect for all generators. The bottom
of R2 (in common with the R2’s of
the other generators) goes to the top
of a 5,000-ohm potentiometer, the
bottom of which is grounded. The
arm of this potentiometer receives
the vibrato oscillator voltage. This
arrangement keeps the resistance
constant in all of the master-oscilla-
tor grid circuits, yet allows the or-
ganist to vary the vibrato voltage
injection from zero to maximum.
The output from the oscillator is
developed across the plate load re-
sistor R3. The voltage there is a
pulse; the net value of C3 and C4 is
such that the pulse is integrated to
produce an approximately sawtooth
waveform (although rounded and
lacking the harmonic development
of a true sawtooth). The two capaci-
tors are proportional to each other
and to the AC voltage at the tube
plate. As a result, the amplitude of
the output from the junction is of
the same value as the outputs from

sider only the single stage of the
schematic in Fig. 6-4, composed of
R11, R12, Cl4, Cl5, and the two
neon lamps.

R11 and R12 in the series is the
timing resistor. The timing capaci-
tor is the net value (series) of Cl4
and Cl15. If the output is taken
from the ungrounded electrode of
the neon lamp, the impedance (and
reactance), if any, of the load af-
fects the oscillator. With C15 having
a value ten times that of Cl4 in
this circuit, its impedance is one-
tenth that of C14. Ten-elevenths of
the reactance which affects oscilla-
tor timing is therefore concentrated
in Cl4. Hence, the effects of any
load across C15 are negligible. Since
the two units constitute a capaci-
tive voltage divider, there is no
frequency-sensitive effect. So the
waveshape produced by the oscilla-
tor appears at the output intact, but
reduced in amplitude.

Two major conditions are neces-

+3J00 V (Recwiaren 8y 2- 0A24S /n Series

THRU Ez‘- Fac7ory SELEcTEDL For PRorER FREQUENCY DiIvIS/ION

— FacTory SELECTED Foe CorRECT ViErRATO DERPTH.

S 3) S I | the frequency dividers. The output sary in a relaxation frequency-
&-‘; ¥ from the junction is used for the divider arrangement:
’69'——7 top 4’ octaves of the organ.
mw ) 5 The frequency-divider stages em- 1. The relaxation oscillator must
o > :':9" ploy small NE-2 neon lamps. The have a free-running frequency
o 1 basic relaxation circuit consists of a somewhat lower than that at
,,;"3 resistor connected from the B+ sup- which synchronization is de-
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this occurs, we have a frequency di-
vider. Since the relationship of the
frequencies in two notes an octave
apart is exactly 2:1, all octaves of
a particular note can be produced
by this method.

After initial adjustment in a fac-
tory jig, a master oscillator can be
tuned over a range of three or four
semitones on either side of a center
frequency, without loss of synchro-
nization of the lower-frequency di-
viders. In addition, normal chang-
ing of components with age does not
cause any difficulties. The over-all
stability of this system is compar-
able to synchronized vacuum-tube
relaxation generators.

The neon lamps have an ex-
tremely long life (around 10,000
hours or more). They are artificially
aged at the factory so they will be
stabilized when the organ is shipped.
Later, padding resistors (R20
through R24) may have to be re-
adjusted because of component
aging. Any qualified technician can
make this adjustment with a po-
tentiometer and an ohmmeter.

Key Switching

Each key operates two or more
normally open contacts, which trans-
mit tones through an isolating re-
sistor to one of the output busses.
The values of the resistors vary,
becoming larger toward the lower
end of each manual to give the
treble tones a higher amplitude
(volume) in the output busses. Most
filters have some low-pass action
which is offset for the fundamentals
by the scaling of the keying resistor
values. This is done so the ear can
hear all notes at about the same
volume (called correct scaling).

The keyboards consist of plastic
molded keys plus a mechanical de-
sign of supporting the key-movement
structure to prevent misalignment.
The key switches employ precious-
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metal contacts which are an inte-
gral part of the keyboard.

Bus Amplifiers

The keying-bus outputs (4, &,
and in most models, 16’ tones from
each manual) go to the bus ampli-
fier panel in the tone generator as-
sembly. Fig. 6-b is the schematic for
the bus amplifier in the Models C
and CP. The circuits in the other
models are similar to it. The bus
amplifier provides isolation between
the keying circuits and the formant
filters. Otherwise, a tone would
sound lower than normal if played
more than once—for example, if
played as an 8 tone for one key
and a 4’ tone an octave lower. Also,
the outphased signals for the for-
mant filters are derived in the bus
amplifier. In addition, it provides a
certain amount of amplification. Ap-
plication of a large amount of nega-
tive feedback from the triode plate
to the grid provides a low-imped-
ance output. The feedback gives a
low dynamic output impedance,
and also reduces noise and dis-
tortion.

Pedal Generator

In the Models A, C, and CP, the
pedal generator is on the same

-printed circuit board as the bus

amplifiers (see Fig. 6-5). In the
Model B, however, it shares with
a special percussion circuit an addi-
tional printed circuit panel in the
tone generator assembly. Neverthe-
less, the circuitry is the same.

The pedal-switch circuit is shown
in the lower right-hand corner of
the wiring diagram in Fig. 6-6. All
switches are single-pole, double-
throw types, and the normal posi-
tion of each is shown in the dia-
gram. The normally-open contact of
each switch is fed its tone from the
lowest divider of the proper genera-
tor (except that the upper C pedal

is fed its tone from the next-to-the-
last C divider). The switch output
line is connected to the pedal-gen-
erator input. When no pedals are
being played, the pedal-generator
input is grounded. When the C
sharp pedal is depressed, the mov-
ing arm contacts the normally-open
point and carries the C sharp tone
through the closed C contacts to the
pedal-generator input. If two pedals
are pressed simultaneously, only the
lower note will be sounded.

Note in Fig. 6-5 that the pedal-
generator input from the switches
goes through tube V2, which ampli-
fies and shapes the signal to a saw-
tooth wave with a slow rise and a
fast decline. The frequency is not
changed. The output of V2 is fed
to the 8’ pedal filters on the voicing
panel. Amplification is sufficient for
voicing the 8’ pedal tones and there
is no intermodulation because only
one tone is handled at a time.

Tube V1 is a simple “flip-flop” of
the Eccles-Jordan type in which the
second triode is cut off when the
other one is conducting. This occurs
each time a pulse is injected into
the circuit through the 390-mmf ca-
pacitors C2 and C3 from amplifier
and shaper tube V2.

The output from the “flip-flop” is
taken from only one of the plates.
As each incoming pulse causes the
conducting triode to cut off and
the cutoff triode to conduct, each
triode makes a complete cycle from
conduction to cutoff and back once
for every two injected pulses. The
output taken from one plate has
a frequency only half that of the
input pulses and is of 16’ pitch
and a square wave. An RC network
following the output plate alters the
waveshape, after which the tone is
fed from the 16’ output to the 16’
pedal filters.

The “flip-flop” is not an oscilla-
tor, since it cannot run free. It is

stable in either of its two states, and
a single pulse will change conduc-
tion from one tube to the other.
After this, the condition will remain
until the next pulse is injected,
regardless of the length of time.

Voicing Panel

Bus-amplifier and pedal-generator
outputs all go to the voicing panel.
This is the control center of the
organ; it contains the stop tablets,
tone-color filters, and a vibrato con-

-trol, as shown in Fig. 6-7. The three

lower-keyboard inputs from the bus
amplifiers go to normally-open tab-
let-operated switches—the 16’ input
to one switch for the melodia;
the 8’ tone to the trumpet, diapason,
dulciana, and flute switches; and the
4’ tone to the string and flute tab-
lets. In the voicing, the correct tone
is passed from the proper keyboard,
through a tab switch and an appro-
priate filter, to the common output
leading to the main amplifier.

For example, to play the trumpet
8 on the lower keyboard, push the
lower trumpet 8’ tab to the On posi-
tion. From Fig. 6-7 you will note
that the lower keyboard 8 signal
from the bus amplifier goes through
the lower-keyboard trumpet 8’ switch
(now closed) through R57 and C23,
to a series-resonant circuit consisting
of L1 and C3. At the junction of
Ll and C3, the output for the
trumpet filter is across one element
of the tuned circuit. Hence, there
is a voltage rise at and around the
resonant frequency. The filter out-
put then goes through R6 to the
main amplifier.

All voicing is done in the same
way, and can be traced easily by
passing the signal through a filter
having the characteristic which will
produce the desired timbre.

Note that only a single basic filter
is needed for each voice. The tuned
section of the trumpet filter is used
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for the trumpets on both manuals.
Likewise, the same flute filter (a spe-
cial cutoff type) is used by the lower-
keyboard melodia 16" and flute 8
and by the upper-keyboard tibia 16,
flute &, and stopped flute 8".

Duplexing (Fig. 6-7) also adds
musical values by making certain
individual stops available independ-
ently on either keyboard. This sys-
tem is prevalent in theatre organs.
Note that tones from either key-
board can be switched into each of
the several filters. Because some
stops are duplexed and others are
not, some stops are switched at their
filter outputs and some at the filter
inputs. Others are placed in the
middle of the filters, with filter
components before and after the
switches.

One tablet for each keyboard in
the Models B, C, and CP lowers
the volume of all sound from the
keyboard. This adds flexibility by
making it possible for the organist
to select stops more for their tone
color than for their volume. As an
example, an accompaniment that is
too loud can be muted so it is in
proper relationship with the solo
part.

Because of the unshielded wir-
ing on the voicing panel, some of
the higher-frequency harmonics may
leak off the filter outputs from the
raw tone sources on the panel. C8
and C9 are small tubular trimmers
connected between the 4’ and 8
upper-keyboard keying busses, at
the points where they enter the
voicing panel and are connected to
the soft and normal switches and
the voicing-panel output. These
trimmers are factory-adjusted to
minimize high-frequency leakage by
canceling it out.

In the Model A organ, the voic-
ing panel includes the Unify tablet
(see Fig. 6-8). In the Off position,
the solo and accompaniment key-
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board busses are separated. In other
words, the 8 accompaniment bus is
not used, and the 4’ bus is connected
to a load resistor and capacitor, and
to the input of the accompaniment
bus amplifier. The accompaniment
voices sound an octave higher than
the positions of the keys would indi-
cate. This renders the proper pitch
for use as a separate accompaniment
keyboard. When this tablet is moved
to the On position, the two 4’ and
two 8 busses are connected to pro-
vide one continuous keyboard. In

- addition, the input to the accom-

paniment section of the bus ampli-
fier is shifted from the 4’ accom-
paniment bus to the 8 combined
bus. Therefore, the accompaniment
voices become additional 8 voices
for the entire keyboard.

Amplifier and Power Supply

Fig. 6-9 shows the power supply
for the entire organ. The power
switch and pilot lamp are connected
to the transformer through a four-
prong plug. A strip heater, called a
“damp chaser,” prevents moisture
from accumulating while the organ
is turned off. (The “damp chaser”
consumes very little current.) The
transformer consists of a 5-volt wind-
ing for the rectifier tube heater, plus
a 6.3-volt winding for all other tube
heaters and the pilot lamp. A single-
section choke-input filter supplies
B+ voltage (B4 No. 1 in Fig. 6-9)
for the power-output stage of the
amplifier. From this same filter,

.two additional voltages are taken,

through proper dropping resistors
and filter components, for other sec-
tions of the organ.

A regulated 300-volt supply, re-
quired for the tone generators, is
provided by a pair of OA2 voltage
regulator tubes. Gas regulators re-
quire a higher than the regulated
voltage to start them. A unique
method is used in the Kinsman or-
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Fig. 6-9. Schematic of the power supply for Kinsman organs.
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gan. The transformer delivers 300
volts to the high-current filter. Rec-
tified AC appears at the cathode of
the rectifier. The peak value of this
AC is higher than the average 300
volts of DC. The AC is taken,
through the two silicon rectifiers
and a capacitor input filter, to the
voltage-regulator tubes. Since the
current drawn through the separate
filter is very small, the voltage ap-
pearing at the load side of the dry
rectifier is 430 volts—more than
enough to “kick off” the voltage
regulator tubes. Provision is also
included in the power supply for
adding an external booster ampli-
fier and speaker system, which may
be desirable in many installations.
The 117-volt line voltage, ground,
and signal leads are connected to
the five-prong socket. (The signal
leads are connected to the two sides
of the center-tapped audio-output
transformer secondary.)

Fig. 6-10 is a schematic of the
main amplifier. The output of the
voicing panel is fed through a con-
nector to Ist amplifier V1. This tube
has negative feedback to give it a
low dynamic output impedance.

The volume is controlled by the
swell shoe which varies the value
of expression control capacitor C6.
This capacitor consists of a two-by-
six inch medal plate hinged at one
end so it moves toward and away
from a similar electrode which forms
the other plate of a capacitor. C6 is
one leg of a capacitive voltage di-
vider. The shunt leg of the divider
creates a dynamic capacitance of
about .02 mfd across the grid of
12AX7 amplifier V2A because of
the capacitive feedback from the
plate through C7. Varying C6 varies
the transmission through the divider
without causing frequency discrimi-
nation. The range of this control
is very wide, and no noise or hum
is introduced by the system.
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The human ear loses its sensitiv-
ity at low frequencies as the volume
decreases. Therefore, the loudness
control in the organ should attenu-
ate the bass less rapidly than the
midfrequencies, and also should
maintain the same balance between
the two as it does at a high-volume
level. This is the purpose of R7. As
C6 becomes smaller in value, the
action of R7 becomes more promi-
nent. This circuit becomes a low-
pass filter, with R7 acting as the
series element, and the dynamic ca-
pacitance across the tube grid acting
as the shunt element. This action is
sufficient to emphasize the bass to
the point where the effect is a con-
stant bass-treble balance.

The plate circuit of the 12AX7
contains a brilliance control R13,
a tone control with a variable treble
“roll-off.” R13 may be set at the
time of installation, in accordance
with the acoustics of the room and
the preference of the owner. This is
followed by a preset level control
R16, which should be set during
installation for the maximum vol-
ume required for the location.

V3, a standard phase splitter,
feeds the Class-AB 6L6 output stage.
A negative-feedback connection from
the output-transformer secondary to
the grid circuit of the phase splitter
improves the response and reduces
distortion to a minimum. The maxi-
mum steady output is 20 watts.

The three speakers of the organ
-are connected to the amplifier by a
two-pin connector. An LC crossover
nefwork separates the ranges for the
bass and treble speakers. A phone
jack, under the lower manual on
the front of the organ, disconnects
the speakers and inserts a dummy
load when the headphones are used.

Percussion

In the Model B, the percussion
circuitry is included, with the pedal

generator, on an extra printed-cir-
cuit board panel in the tone gen-
erator assembly (shown in Fig.6-11).
An extra set of key switches in the
upper keyboard is connected so that,
when any key is played, a 100K re-
sistor is connected between the two
terminals (at the upper right in Fig.
6-11 labeled Perc. Key). The resistor
produces a slight voltage drop on
the lower terminal. This drop is
transmitted as a pulse through Cl11
to the grid of monostable trigger
circuit V3. The trigger circuit fires
and thus produces a strong nega-
tive pulse on its cathode. This
pulse fires the NE2 neon tube and
charges capacitors C16, C17, and
C18. The neon then goes out, per-
mitting the capacitors to discharge
slowly through R43 and R44.

Any signal at the outputs of the
16’ and 4’ bus amplifiers is com-
bined and amplified in the first
half of V4. This signal then passes
through the keying circuit, which
comprises two transformers con-
nected back-to-back, plus the two
19PA1V varistors.

When there is no charge in ca-
pacitors C16, C17, and C18, the
varistors are biased so that no signal
gets through. As the capacitors are
quickly charged, the varistors be-
come forward biased. The signal
comes through quickly, and then
dies away gradually as the capaci-
tors discharge. The output of this
circuit is further amplified in the
second half of V4 before passing to
two tone-color circuits on the voic-
ing panel.

An additional feature of this cir-
cuit is the percussion tremolo. When
the vibrato control on the voicing
panel is rotated fully clockwise past
the click, a low-frequency voltage
from the vibrato oscillator is super-
imposed on the signal grid of V4 in
Fig. 6-11. This produces an ampli-
tude modulation or tremolo on the

percussion voices only, very much
like that in the vibraphone or vibra-
harp.

In this type of percussion, play-
ing any key will trigger a circuit
which keys all notes held at the
moment. These notes die away as
they are held (like a piano), but stop
instantly when the keys are released.

The percussion in the Model CP
provides manual sustain on a set of
added voices, controlled by stop tab-
lets on a separate added voicing
panel. The main part of this per-
cussion system is the keying unit
(Fig. 6-12), printed-circuit panel un-
derneath the upper keyboard. A
separate half of a twin-triode keying
unit is used for each note. [Only
two triodes (four notes) are shown
in Fig. 6-12 for simplicity. The cir-
cuits for the other triodes are iden-
tical except for -the values of the
coupling capacitors.]

The 8 signal from the keyboard
wiring harness is fed through a
small capacitor to the grid of the
keying tube. When a key is played,
the fourth contact in the key-switch
assembly grounds out the bias on
the keying tube and allows the tube
to amplify. The note continues
steadily as long as the key is held.
When the key is released, the bias
voltage starts to return to the grid,
but is delayed by the time constant
of the 15-megohm resistor and the
0.1-mfd capacitor. Then the note
dies away slowly when the key is
released. The outputs of the keying
tubes, taken from the plate circuits
through 470K resistors, are com-
bined into four groups before pass-
ing through a cable to the percus-
sion voicing panel.

The percussion chassis assembly is
shown in Fig. 6-13, and the percus-
sion voicing panel, in Fig. 6-14. The
chassis assembly, fastened to the in-
side wall of the console, contains a
12.6-volt filament transformer for
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Fig. 6-11. Percussion circuit of the Model B.
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the keying-unit tubes. Also in this
assembly is a B+ decoupling net-
work. A dry rectifier voltage-doubler
circuit, connected to the 12.6-volt
source, provides the negative voltage
required to hold the keying tubes
in the normal below-cutoff condi-
tion. In the percussion voicing
panel (Fig. 6-14), the four signal
groups from the keying unit (Fig.
6-12) are first combined and par-
tially filtered to produce two basic
tone colors—one a round bell-like
tone and another one rich in har-
monics. These basic tones are then
fed through four tone-color circuits,
very similar to those in the main
voicing panel. One of these, the
blue tone circuit, is simply a switch,
the output of which is taken,
through a cable, to the input of
the flute filter in the main voicing
panel. The outputs of the other
three percussion voices are combined
and carried through a shielded lead
to the output of the main voicing
panel.
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The decay time for the percussion
notes can be continuously varied by
a control on the percussion voicing
panel. This control changes the bias
voltage at the lower end of the 15-
megohm resistors in the keying unit,
as well as the time required for the
grid voltage to reach cutoff after a
key is released. The percussion key-
ing bus in the upper keyboard is
connected to the sustain control.
Thus, an increase in the negative
voltage at the lower end of the 15-
megohm resistors will be accom-
panied by a much smaller decrease
in the negative voltage on the key-
ing bus. While the key is being held
‘the grid of each keying tube is
connected through resistors to both
points. The two effects thus cancel
out and leave the grid bias un-
changed.

A feature of this percussion cir-
cuit is its reverberation effect. A
small amount of the unfiltered sig-
nal from the percussion voicing
panel is taken to the main voicing
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panel, and then through the 8" soft
and normal switch lead to the input
of the 8 bus amplifier. A small
amount of sustained signal is incor-
porated in all the regular 8’ voices
on the upper keyboard, even when
none of the percussion voices are
used. This produces an effect much
like natural reverberation when the
control is set for medium or long
decay.

REMOVING AND REPLACING
ORGAN SECTIONS

The Kinsman Manufacturing Co.,
Inc. request that the only service
to be done outside the factory with-
out specific authorization is substi-
tution of new sections of the organ,
tubes, or components not soldered
into an assembly. Any other repairs
are made at your own risk, because
they void the warranty of the com-
ponent being worked upon. Even
the removal and replacement of sec-
tions requires extra knowledge, over
and above that needed for run-of-
the-mill electronics work.

Fig. 6-2 identifies the various
units, Although differing in size and
some details, the Kinsman consoles
are all similar in layout. The power
supply and main amplifier are al-
ways on the console floor and are
accessible from the rear. The tone
generator assembly is a vertical
panel behind the keyboards, with
the tuning adjustments at the top
and facing forward. The individual
printed-circuit panels in the assem-
bly are accessible from the back.
The voicing panel in the Model A
is above the keyboard. In the other
models, it is at the left of the upper
keyboard.

In some of the early Model A
consoles, the top was not removable.
Therefore, in these models, to re-
place tubes in the tone generator
assembly, to tune the organ, or to
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service the keyboard, you will have
to remove the voicing panel. First
remove the music rack, and then
the eight oval-head screws along the
top and ends of the metal voicing
panel. The entire assembly can then
be lifted out and placed on top of
the organ without any wires being
disconnected. The organ will still
work in this position. In later units,
the voicing panel is part of the top.
The top and voicing panel can be
lifted together, by removing two
screws on the front edge and slid-
ing the top forward and lifting up.

The console tops in the Models
B, C, and CP, are removable. First
remove the music rack and the screw
at the back of each upper keyboard
cheekblock, and lift out the blocks.
Remove the two screws at the front
corners of the console top, lift the
front edge of the top, and slide it
forward and up.

The Model A generally has no
back. To remove the backs of other
models, take out the screws; then
tilt the back outward and lift.

Removing The Tone Generator
Assembly

CAUTION: Before removing
the tone generator cover, be
absolutely sure the organ is off
before touching any part inside
because the high voltages will
be exposed. The simplest way is
to pull out the 110-AC power
plug. As long as the plug is
attached to the house current,
the “Damp-Chaser” will be
.““alive,” even though the organ
switch is off.

Tubes in this assembly are acces-
sible from the front of the organ
after the top has been removed. In
the Model A, the voicing panel
must be removed.

To remove any of the printed
circuit panels in the tone generator

chassis, or to disconnect the wires,
remove the metal back cover by tak-
ing out the three thumbscrews at
each end. The cover can then be
lifted off easily.

When removing the printed cir-
cuit panel, be sure to first locate
the correct panel by referring to
Fig. 6-2. Remove the bottom con-
nectors by carefully pulling down-
ward on each wire until the small
connector on the end of the wire
slides free of the panel. Carefully
remove the top connectors in the
same way. Then, remove the three
screws, (two near the top and one
near the bottom center) holding the
panel to the chassis. The panel can
now be lifted out. As the last screw
is removed, maintain a good hold
on the panel to prevent it from
dropping out and being damaged.

To insert a new panel, merely
reverse the procedure. Then replace
the connections by referring to the
wiring diagram in Fig. 6-6, which
shows the wire color codes for all
connections. All panels in the tone
generator assembly are removed and
replaced in the same way.

To avoid any errors, pay atten-
tion to the following notes:

1. As the connectors are slid on,
the bent-over edges will firmly
grip the panel. These edges
actually make the connection.
You will note that sometimes
there is solder on one side of
the slot only. If so, be sure
the gripping edges of the con-
nector are slid onto the side
where they will contact the
solder.

2. There often are unused slots
on a panel. These slots, which
have no solder on either side
of the panel and are not shown
in the diagram, should be ig-
nored.

3. Where two or three wires go to

a single connection, all will be
the same color and each will .
have its own connector. Two
connectors can be installed
back-to-back in one slot, or
there may be two slots for one
connection point. Where three
connectors are required, a sec-
ond connection point is always
provided.

4. Sometimes you may have to
note not only the color of a
wire, but also the cable it
comes from.

Amplifier Power Supply

The vibrato speed, brilliance, or
maximum volume controls on the
main amplifier and power-supply
chassis can be reached through the
expression-pedal opening in the
front of the organ. It is also pos-
sible to replace some tubes through
this opening. However, before the
complete amplifier-power supply can
be taken out, the back must be re-
moved. Then, disconnect all plugs
and loosen (but do not remove) the
two slotted-head bolts holding down
the front edge of the chassis. Re-
move the two bolts holding down
the back edge. The chassis can now
be lifted out. Before sliding the am-
plifier into place under the loosened
bolt heads, make sure the expres-
sion-control arm is properly posi-
tioned under the bracket on the
expression pedal.

Voicing Panel (Model B, C, or CP)

Take out the three machine screws
along the back edge of the printed
circuit panel. Lift this back edge
and pull backward carefully to dis-
engage the front lip on the voicing
panel from under the key slip. The
assembly can now be lifted free so
the contacts on the underside can
be inspected. If the voicing panel
is to be removed completely, all the
wires in the voicing panel cables
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must be disconnected from the bus
amplifier and pedal generator pan-
els. The voicing-panel output cable
will also have to be disconnected
from the main amplifier.

Pedal Keyboard

The pedal keyboard will be easier
to remove if the organ is stood on
one end. (Use plenty of padding to
avoid marring the console finish.)
Take out the four bolts in the cor-
ners of the assembly. The assembly
will now be free for inspection or
contact adjustment. To remove the
unit completely, the pedal-cable ter-
minals will have to be disconnected
from the tone-generator and pedal-
generator panels. Also remove the
cable clamps and carefully pull the
cable out through the holes in the
console shelf and floor.

Upper Keyboards
(Models B, C, or CP)

Take out the bolt in the left rear
corner, and the wire going to the
lower keyboard fastened under this
bolt. Then replace the bolt. Discon-
nect all upper-keyboard cable con-
nectors from the tone-generator and
bus-amplifier panels. Remove the
clamps holding the cables in place,
and cut any pieces of lacing cord or
tape which may tie the keyboard
cables to the others. The voicing
panel cable must be disconnected
so this panel can be removed with
the keyboard, or else the voicing
panel must be unfastened from the
keyboard (as described earlier) in

order that the keyboard can be re- -

moved without taking out the voic-
ing panel. Remove the two hex-head
bolts passing through the centers of
the wooden mounting blocks at each
end of the keyboard. The keyboard
can now be lifted forward and out.
Always be careful not to let the
ends of the keyslip scratch the finish
on the console.
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Lower Keyboard

First, remove the upper keyboard
as described. Then disconnect all
lower-keyboard cable terminals.
From underneath remove the three
machine screws passing through an
aluminum angle (part of the con-
sole) and into the front edge of the
keyboard. Also from underneath,
remove the two wood screws passing
upward into each lower-keyboard
cheekblock. Then lift out the cheek-
blocks. Remove the two hex-headed
bolts (quite like the ones in the
upper keyboard) passing through
the end mounting blocks. This key-
board can now be lifted forward
and out. !

Percussion Panel (Model CP)

The percussion panel is removed
by taking out the four flat-head
screws passing upward from under-
neath.

TUNING THE KINSMAN
ORGAN

Tuning a Kinsman organ is an
elementary operation. Unlike a pi-
ano, the tones in an organ can be
held for tuning. In the Kinsman
organ there are only twelve tuning
adjustments, one for each note of
one octave. The 4 adjustment tunes
all six A’s plus the additional 16’
pedal A—or seven notes in all.
Only twelve adjustments are nec-
essary, all in proper relationship.

This relationship is characteristic
of the equally-tempered scale on all
keyboard instruments. The scale in-
volves a compromise required by the
limitation to twelve fixed notes to
the octave. The musical fourth and
fifth intervals are tuned to a fre-
quency ratio slightly different from
an exact zero beat (in other words,
no audible roll). If a musical fifth
interval were tuned to an exact fre-

quency ratio of 1.5 to 1, there would
be no beat. However, the tempered-
scale ratio is 1.498 to 1. The second
harmonic of one note and the third
harmonic of the other, although not
exactly alike, are close enough to
produce an audible beat because
their frequency ratio is 2.996 to 3.

To tune the organ, it is only nec-
essary to go through a sequence of
musical intervals and tune each one
to the correct frequency ratio, which
is determined by listening to the
beats.

The tuning table shows this
method of tuning by counting beats.
If carefully done, precise results can
be achieved. However, the tempered
scale itself is a compromise, with
every musical interval differing
slightly from the ideal pitch rela-
tionship. Otherwise, there would be
no beats. Extreme accuracy in tun-
ing therefore is unnecessary, since
any slight errors will only result
in a slightly different compromise
which is probably as good as the
tempered scale itself. However, the
beat for each interval must be as
correct as possible, and on the cor-
rect side of the zero beat (that is,
a note which should be tuned flat
with respect to zero beat must not
be tuned sharp, even though the
same beat count may result). If the
procedure is carried out accurately,
the final check between F3 and C4
will show the correct beat. But if
errors are made anywhere, the beat
for this check interval will not be
correct. The entire procedure will
then have to be repeated.

Tuning Chart

Table 6-1 gives the proper pro-
cedure for tuning the Kinsman or-
gan. Before doing so, make sure the
vibrato is turned off. Then select an
8 stop. (The 8 diapason is good.)
First tune C to some standard, such
as a C523.3 tuning fork, until you

hear no beat. Then hold down mid-
dle C (C3) and G3 (the fifth interval
above middle C). Tune G to an
exact fifth, or no beat, and then flat
(counterclockwise) until you can
count approximately ten beats in
ten seconds, as shown in Table 6-1.
Then, in turn, tune each of the
other notes by holding down the
two keys shown in the first two col-
umns. Tune for zero beat, and then
flat, until you can count the ap-
proximate number of beats in the
third column.

To insure against tuning drift or
jumping because of loose tube ele-
ments after the tuning is completed,
tap the tube associated with each
adjustment and listen to the beat.
If the pitch shifts, change the tube.

If the final check interval between
F3 and C4 does not sound the cor-
rect beat, the procedure must be re-
peated.

MALFUNCTIONS

The following descriptions show
which sections of the organ may be
at fault. Do not be fooled into
thinking a defect exists where the
condition is part of the organ de-
sign. A typical example is an owner
who complains the lowest half-octave
of the lower manual repeats the
same notes as the above on the
16’ melodia stop. This is part of
the organ design.

Diagnosis
The various stops and controls of
the Kinsman organ (including those
not readily accessible to the organ-
ist) can be used, along with t'he
block diagram in Fig. 6-3, to pin-
point a source of trouble. The block
diagram traces the flow of norrr_xal
operations from each unit, or major
assembly, to the next unit—from th'e
tone generators to the speakers. This
enables the troubleshooter to find
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TABLE 6-1. TUNING CHART

T heoretical
Practical Number | Number of Beats
Hold This of Beats Flat in in 10 Seconds
Note (or 10 Seconds to Use (for Equal
Standard) Tune This Note for Tuning Temperament)
C fork 523.3 C4, one octave Unison, no beat 0.0
cps or C above above middle C
middle 4 on a
piano
C3 (middle C) G3 (5th inter- 10 8.8
val up)
G3 D3 (4th inter- 14 133
val down)
D3 A3 (5th inter- 10 9.9
val up)
A3 E3 (4th inter- 14 14.9
val down)
E3 B3 (5th inter- 10 11.2
val up)
B3 F3 (4th inter- 14 16.7
val down)
F3* C#3 (4th inter- 14 12.5
val down)
C#3 G#3 (5th inter- 10 94
val up)
Gf3 Df3 (4th inter- 14 14.0
val down)
Dg3 A#3 (5th inter- 10 10.5
val up)
Af3 F3 (4th inter- 14 15.8
val down)
F3 C4 (5th inter- 10 11.8
val up)?

*To stay within the octave, tune a 4th interval down twice in succession.
Since a 4th interval is the inversion of the 5th, tuning F#3 down to C§3 is the

same as tuning a 5th interval up to C#4.

* Check only, do not tune. The beat should be 10 to 11.8.

the trouble by the process of elimi-
nation.

By using the various stops and
controls, or the plugs and the vari-
ous connectors between units, and
by working backward from the am-
plifier output stage to the tone gen-
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erators, you can isolate the fault
to a specific stage. This order is
usually modified by a check of the
easier-to-reach controls first.
Supposé the organ hums loudly
when turned on. First operate the
expression-control pedal. If the hum

becomes louder and softer, it must
be coming through the expression
control, not in the output stage of
the amplifier. Now check the top
volume control on the amplifier,
and then the amplifier input (by
disconnecting the gray plastic cable
at the end of the amplifier nearest
the expression pedal). If each check
affects the hums, we have eliminated
first the intermediate and then the
input stages to the amplifier.

Turn off all the stop tablets. As-
sume the hum stops. The entire
amplifier and part of the voicing
panel circuitry can now be elimi-
nated. Turn the stops back on, one
at a time. If the hum is heard only
when one or more of the 8 lower
keyboard stops are on, some part
of the organ common to these stops
and no others is defective. The most
likely place is the 8’ lower-keyboard
section of the bus amplifier, and the
most likely defective component is
the 12AU7 tube. You can locate this
tube on the bus amplifier panel by
referring to the schematic, or you
can replace the 12AU7 tubes on the
bus amplifier panel, one at a time,
until the trouble clears up.

Remember that although there
are stops of only three different
footages on each keyboard of the
Models B, C, and CP, there are a
total of not six, but eight, bus
amplifier sections. This is due to
the outphasing circuits. Thus, in
testing for faulty outphased stops,
16’ tibia (and on the Model C and
the CP, bass clarinet) and &
stopped flute, English horn, and
clarinet must be considered sepa-
rately from the other 16’ and &
stops.

Suppose we have a bad note,
such as a sputtering or warbling
sound, or one that is badly off
pitch. The trouble is almost certain
to be in the tone generator for that
note. To verify our suspicions, lis-

ten with one stop on at a time.
Each generator note occurs at sev-
eral places on the keyboards. When
similar stops on both keyboards are
at fault, the defect, if in the gen-
erator, will be heard on both. By
changing from an 8 to a 4’ stop
and simultaneously moving down
one octave on the keyboard, we will
hear the same generated tone.

It is important to remember the
frequency-divider principle used in
the Kinsman organs. Each note is
derived, in the tone generator, from
the next higher octave of the same
note. Failure of any frequency-
divider stage will show up as a
faulty note, not only at the particu-
lar pitch, but also at all lower oc-
taves of the same note. Therefore,
you must determine whether the
fault is originating in the master
oscillator at the head of the chain—
or whether it is in a later stage,
meaning the entire generator panel
for that note must be replaced.
First, turn on the upper-keyboard
4’ flute stop only (octave Fife in
the Model A). Listen to the bad
note in the top octave of the key-
board. If dead or off pitch, the
trouble is in the master oscillator
and can probably be corrected by
replacing the 12AX7 tube. If the
top octave is functioning properly
or if replacing the 12AX7 does not
help, the printed circuit panel will
have to be replaced.

When a pedal note is bad or com-
pletely dead, check the pedals
above it. A bad back contact on one
note will affect all notes above.
Make sure a loop of the power cord
isn’t caught under the back of the
pedal keyboard. If the fault is in a
single pedal note, listen to the low-
est octave of the same note on a
manual keyboard. Be sure it is the
lowest generated octave. The lowest
generated octave from C to E can
be heard with only the 16" melodia
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stop on the lower keyboard. If the
fault is here also, it is originating
from the tone generator for that
note. The generator must then be
replaced. If not, there may be a
loose connector at the bottom of
the tone generator panel.

Again be careful not to be mis-
led by secondary symptoms. Sup-
pose the 4’ upper-keyboard output
from the bus amplifier should be-
come disconnected. The main symp-
toms would be dead 4’ stops. By
trying the stops one at a time, you
would quickly discover the trouble.
However, if you did not, you might
notice another confusing symptom.

With no stops on, you would hear
a weak 4’ signal, stringlike in tone
color. With 8 or 16’ full bodied
stops (flute, tibia, etc.), this string-
like 4’ tone would alter the 8 or
16’ tone color. By reading the tech-
nical description of the voicing
panel, you will see how the trimmer
capacitors—provided to cancel out
leakage signals—could cause this. For
this reason, if you are confronted
with a confusing symptom, first,
look for another, more straightfor-
ward one.

Typical Symptoms
Some of the more common trou-
bles, their causes, and the remedies
for each are given in the following.
Dead Notes—When dead notes
are encountered, check to see if
they are dead on all stops of the
same footage. If so, the cause is
probably a faulty bus amplifier tube
or a defect in the circuit. Check the
connectors to make sure all are in
place; if so, replace the tube. If
this doesn’t correct the defect, re-
place the bus amplifier panel.

If one stop is dead and the other
stops of the same footage are all
right, the defect is probably in the
voicing panel, switch, or connect-
ing eyelet. Lift and inspect the voic-
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ing panel. If the trouble cannot be
found, replace the panel.

One dead note in all positions of
one keyboard (the other octaves of
the same note are all right) indi-
cates the output connector at the
tone generator is probably pulled
off. Replacing the connector should
correct the trouble. A dead or inter-
mittent note in one position of one
keyboard when the other positions
are all right indicates a defect in
the keyboard, broken connections,
or a bent switch blade. Inspect the
keyboard; if the fault is not easily
corrected, consult the factory for in-
structions or a replacement key-
board.

Hum—A loud hum when stops of
one footage are on usually indi-
cates a heater-to-cathode short in
the 12AU7 tube in the bus ampli-
fier. If replacing the tube does not
correct the trouble, replace the bus
amplifier panel.

Bad Notes— A defective fre-
quency-divider stage in a tone gen-
erator will produce a rough or
choppy note, or a note away off
pitch. Lower octaves of the same
note will also be bad, but the top
octave will be all right. The effect
may be worse with full or almost
full vibrato. To correct this condi-
tion, replace the tone-generator
panel. If the top octave is also bad
or dead, the master oscillator in
the tone generator is probably de-
fective. Replace the 12AU7 tube.
If tube replacement does not cor-

rect the fault, replace the tone-gen-

erator panel. When a note appears
scratchy as a key is depressed, the
key-switch assembly is probably
dirty. It can usually be cleaned by
operating the key rapidly. If not,
the bus should be cleaned (by quali-
fied persons only).

Console Rattles—This fault is
usually more noticeable when notes
of a certain pitch are played; it will

tend to clear up when the volume
is depressed. A console rattle is
usually caused by a loose part in
the console, or loose screws in the
treble speakers. Locate the rattle
and tighten the offender.
Defective Pedal Notes—If all
pedal notes from a certain one to
the top of the pedal keyboard are
dead, look for a defective contact
on the highest operating key switch.
Also check to see that the power
cord or carpet is not interfering

with the pedal operation. Should
all 16’ pedal notes sounq at §’
pitch, the pedal-frequency divider is
out or the 16’ pedal-generator out-
put is disconnected. Change the
12AU7 pedal tube. If necessary, re-
place the panel.

No Vibrato—No vibrato usually
indicates a defective 12AX7 tube
in the amplifier. If replacing the
tube does not correct the defect,
replace the amplifier panel.




Fig. 7-1. A typical Lowrey electronic organ.

CHAPTER 7

THE LOWREY
5 ELECTRONIC ORGAN

A typical Lowrey electronic organ with the principal components
labeled is shown in Fig. 7-1. Each manual has 44 keys, and the
pedal clavier contains 13 pedals. Models S, SS, and DS are covered
in this chapter. All are very similar; where differences do exist,
they will be pointed out in our discussion.
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TAB SWITCHES

The lower manual voices are con-
trolled by the front row of tabs to
the left of the lower manual. From
left to right the tabs are:

Organ volume Trombone

(soft—full) French Horn
Solo English Horn
Melodia Vox Humana
Geigen String
Cornet

The second row of tabs next to the
lower manual is (from left to right).

Glide (on-off) Pedal (soft)

Glide (cont.— Pedal (med.)
auto.) Pedal (full)

Pedal 16’ (mute- 8—4’ upper to
open) lower (off-on)

Pedal Sustain 8—4’ upper to
(on-off) lower (soft—

Pedal Sustain loud)
(med.-long)

The upper manual voices are con-
trolled by the front row of tabs
next to the upper manual. From
left to right, they are:

Trombone 16/ Trumpet 8’
Flute 16 Oboe 8
Gedekt 16 Saxophone 8’
Cello 16’ String 8’

Solo 8 Flute 4’
Flute 8 String 4’
Clarinet 8’ Quint 514’
Principal 8

The rear group of tabs next to
the upper manual controls the vari-
ous percussion effects. From left to
right they are:

Staccato (on-off)  Vibraharp
Manual attack Guitar
(fast-slow) Music Box

Sustain (on-off) Vibrato (slow—

Sustain (med.— fast)

long) Vibrato (light-
Chimes heavy)
Accordian Vibrato (on-off)

Harpsichord
190

BLOCK DIAGRAM

The block diagram of the organ
is given in Fig. 7-2. This diagram is
essentially the same for all models.
Therefore, it will help if you un-
derstand the circuits and how they
fit into the over-all picture before
attempting to study them in detail.
A good starting point is the source
of the tones, which we will trace
along their paths until they are
emitted by the organ speakers as
musical tones.

Tone Generators

Each of the twelve families of
tones in the chromatic scale has a
tone chassis consisting of three to
five vacuum tubes. A Hartley oscil-
lator is tuned to the highest octave
required for the particular family
of tones. It also provides the driving
signal for an Eccles-Jordan counter
circuit which produces its own tone
exactly one octave lower than that
of the master oscillator. This first
divider, in addition to providing
the tone for its proper keys, also
drives another Eccles-Jordan coun-
ter circuit that provides a next-
octave-lower tone. Depending upon
the model, two, three, or four coun-
ter circuits—all controlled by the
master-oscillator frequency—are cou-
pled together.

Key Switches

The tones generated (AC at this
point) are passed to the key
switches, which are activated by the
organ keys. These switches ground
the tones when the keys are in the
rest position. When the keys are de-
pressed, the switches pass the tones
on along a path that will eventually
lead to the speaker. Sustained tones
are not passed directly to the key
switches, but are keyed by a volt-
age applied to the key switches.
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Tab Switches

The tones selected to be passed
by the key switches are next ap-
plied to the voice tab switches.
These switches direct the tones to
the filters giving the desired char-
acteristic of the organ voice in-
volved. Tab switches in the on
position pass their tone character-
istics along, while those that are
off hold back the tones from the
following circuits.

Filter Amplifiers

The tones passed by the tab
switches are applied to one or more
tuned filter amplifiers. These ampli-
fiers receive the entire unprocessed
tones, but their output emphasizes
only the frequency range indicated
by the filter designation. The filter
amplifiers determine the harmonic
content of the applied voice.

Preamplifier

The outputs of all filter ampli-
fiers are applied to the input of one
preamplifier. At this point, all tones
have been processed. It is now a
matter of getting them all back to-
gether again so the ones selected
can pass through the amplifier and
to the speakers.

Swell Pedal (Expression Control)
The preamplifier output is ap-
plied to a variable capacitor acti-
vated by the swell pedal. This ca-
pacitor is coupled between two am-
plifier stages so that, at minimum
capacitance, there is the least sig-
nal transfer. As the capacity is in-
creased (by depressing the pedal),
the degree of coupling also is in-
creased, and thus the volume is
made louder.

Power Amplifier

The output of the swell-pedal
capacitor is applied to an audio-
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amplifier system consisting of a
triode voltage amplifier and a phase
splitter that drives a pair of push-
pull power output tubes. These
tubes produce the signal voltage
necessary for driving the organ
speakers.

Pedal Keyboard

The tones for the pedals are
taken from the same sources as the
manual tones, but require addi-
tional processing to bring them to
the proper pitch. A tone, selected
by depressing a pedal switch, is
first applied to a voltage amplifier,
the output of which drives an
Eccles-Jordan counter that lowers
the pitch one octave. The signal
then drives another Eccles-Jordan
counter which lowers the tone an-
other octave. (In some models this
step is repeated again.) The end
result is a tone two or three octaves
lower than the original one from
the tone chassis. This signal is then
applied to another amplifier, the
output of which is coupled to the
tabs controlling the volume and
other pedal functions. Past the
pedal tab switches, the signal fol-
lows the path of the manual tones.

Power Supply

A conventional power supply pro-
vides the various voltages required
for the vacuum-tube circuits. It is
located on the amplifier chassis.

Vibrato

A low-frequency oscillator pro-
vides a pulse that is coupled to the
tone-generator master oscillators by
diode sections within each master-
oscillator tube. Operation of this
circuit will be discussed later.

CIRCUIT DESCRIPTION

Now that we have discussed all
of the blocks, and determined how

they fit together to produce the de-
sired tones at the speaker, let us ex-
amine the circuitry.

Tone Generators

All models have one tone chassis
for each of the 12 notes in the chro-
matic scale. Only the tone chassis
of any one family of tones need be
studied because all chassis are the
same except for minor component
differences and the frequency span.
Since middle 4 has a fundamental
frequency of 440 cps, we will use
it as our example. Never forget that
this fundamental frequency applies
generally to any of the other 11
tones on the scale. Also, the differ-
ent models must be taken into con-
sideration, as the following infor-
mation indicates.

In Models S, SS, and DS, a Hart-
ley oscillator is tuned to a funda-
mental frequency of 1760 cps (on
the A chassis). It consists of a triode
section (easily recognized because it
is the tube nearest the tuning coil).
On the keyboard, this 1760-cps volt-
age becomes the tone source for the
third A4 from the left for the 4’ stop
on the manual. Therefore, we can
test the master oscillator while sit-
ting at the keyboard, because it is
functioning if the third-octave tone
is normal for the 4’ stops.

Percussion and Nonpercussion
Tones—In the first instrument pro-
duced by Lowrey, the Model S, all
manual tones are of the nonpercus-
sion type. In other words, the tone
stops at once when the key is re-
leased—there is no sustained tone.
On all other models, the 4’ and 8
stops are known as percussion tones
—they linger, or are sustained, after
the key is released. These two types
of circuits, sustain (percussion) and
nonsustain (nonpercussion) will be
described in detail. Since the non-
sustain is the basis of both, it will
be described first.

On the Model S, the master oscil-
lator is a 12AV6 dual-diode/triode.
The diode sections are part of the
vibrato circuit (described later). The
triode section forms the master os-
cillator, the output of which is
taken from the plate through a .01-
mfd blocking capacitor. A .0022-
mfd capacitor from the plate pro-
vides the drive signal for the first
divider, a 12AU7 dual triode. These
two triode sections are required for
the Eccles-Jordan circuit. All other
dividers are 12AU7 types employed
in the same manner. Qutputs are
taken from each divider through a
-01-mfd blocking capaciter. Across
the .01-mfd capacitors we find the
usable output for the nonpercus-
sion stops. In all other models, the
tone generator tubes are 6X8 tri-
ode-pentodes. (See Fig. 7-3.) Yet the
principle is much the same as for
the 12AU7 in the Model S. On the
master-oscillator tube, the triode
section is diode-connected and used
for vibrato coupling. The pentode
is used as the master oscillator, but
the suppressor grid and plate are
not directly part of the oscillator.
The screen grid acts as the plate
of the oscillator tube, and the .01-
mfd capacitor couples the signal
from this point to all nonpercus-
sion uses. (These are the lower man-
ual stops and the 16’ and Quint
stops on the upper manual.) The
plate and suppressor act as B4 key-
ing elements for the 4 and 8 per-
cussion stops. These elements at-
tract the signal from the screen
when a high DC voltage is applied
to them. This DC is applied when
the key switches are activated. In ad-
dition, a 0.22- to 0.5-mfd capaci-
tor (depending on the model) is
charged. After the key is released,
the charged capacitor acts as a stor-
age battery (even though the firing
voltage has been taken away) so the
signal can continue to be drawn
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from the screen to the plate or
suppressor. Each output is taken off
in series with a neon lamp. These
neons, when fired by the DC from
the key switches or the charged
capacitor, allow the tone to pass
into the collector circuits. However,
when the voltage applied to them
drops below 70 volts, these neons
go out and thus offer a very high
impedance path for any remaining
signal. As a result, the signal to the
collector circuits is blocked.

Eccles-Jordan Counters—In addi-
tion to being a tone source, the
master oscillator also provides the
drive signal, through the 750-mmf
coupling capacitor, for the Eccles-
Jordan counter circuit. This circuit
consists of a 6X8 tube, with the
screen of the pentode section acting
as the plate, much the same as in
the oscillator circuit. Thus, in ef-
fect, we have two triodes coupled
together from plate (screen) to grid.
The two halves alternately conduct
at exactly half the rate of the drive
signal from the master oscillator.
This first divider then produces an
880-cps output of its own when
driven by the 1760-cps master oscil-
lator. On the keyboard, this corre-
sponds to the third 4 from the left
side for the 8 stops. A proper tone
here indicates the first divider is
working properly. The 880-cps out-
put from this first divider is then
coupled to another Eccles-Jordan
counter (the second divider) in ex-
actly the same way. The second
divider produces a tone of its own
with a fundamental frequency of
440 cps. This corresponds to the
second A from the left for the &
stops (middle 4).

The second divider then drives
another Eccles-Jordan circuit (the
third divider) which produces a 220-
cps output of its own. This is the
lowest 4 on the keyboard for the
8" stops.
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On the Models S and SS, this
step is repeated once more. The
fourth divider produces 110 cps,
which is the tone of the lowest 4
for a 16’ stop. This master oscilla-
tor-divider chain provides five tones,
always octavely related to each other
and having a pitch that depends on
the fundamental frequency of the
master oscillator. The master oscil-
lator is easily tuned to the proper
pitch in the chromatic scale, be-
cause the tuning coil (LI) has an
adjustable powdered-iron slug to
permit changing the inductance to
change the pitch.

Note that each tube on a tone
chassis represents a particular tone
source. On the Models S and SS
there are five tubes—a master oscil-
lator and four dividers—to provide
the five tone sources. On the Model
DS, there are only four tubes. The
fourth divider, which produces the
110-cps 4 tone, is not used. This
will be explained later under “key-
board solo circuits.”

Key-Switch Circuitry

The signal voltages from the tone
generator chassis are controlled by
the switches, which are activated
when the keys are depressed. The
signals for nonsustained stops are
applied directly to the key switches.
For the sustain stops (8-4'), the key
switches control B+ applied to the
generator tubes, which then pass
the signals directly into the quality
control chassis. For each organ
model there is a key-switch wiring
diagram, which also represents a
rear view of the physical layout of
the assemblies.

The signal and keying outputs
from the 12-tone chassis are col-
lected on the internal cabling har-
ness and applied to a group of
printed sockets on the generator
frame. The path toward the key
switches then continues on through

the mating printed plugs, and
through the cables.

The cables from the printed
plugs are shown on the left of the
diagram in Fig. 7-4. Notice that
separate cables are used for the
Quint, 16", and 8-4’ tones on the
upper manual. Another cable is
used for the lower manual. Each
of these cables is attached to two
printed circuit plugs on the gen-
erator frame. The cable leads are
attached to the key switches as
shown. Fig. 7-4 is a rear view of
the organ; the switch sections shown
are controlled by the keys directly
below them. (Notice the keyboard
reads backwards when the organ is
viewed from the rear.) Keys 15
through 32 (groups 3, 4, and 5) on
the lower manual, and keys 13
through 30 (groups 3, 4, and 5) on
the upper manual, are omitted in
Fig. 7-4.

The small circles represent the
contact springs, which are activated
by the keys. The heavy lines below
the springs represent the bus bars
the springs touch when the keys
are in the rest position. They may
be individual bus bars, designated
“separate offs,” or longer units com-
mon to a number of keys. The lines
above the springs are the bus bars
(called “on buses”) the springs
touch when the keys are depressed.
They can consist of a single bus
bar running the entire length of
the keys, or groups of six or eight
or I.nultiples thereof. Or they can
‘l‘)e individual bus bars, designated
separate ons.” The drawings (Fig.
7-4).are so arranged that the switch
sections closest to the keys are on
the bottom of the key switch deck.
As we go up the drawing, the other

sections are laid out accordingly.

Let us first consider the lower-
ma}nual, nonsustain, key-switch cir-
cuits. The tone-generator outputs
are taken through the .01-mfd

blocking capacitors (Fig. 7-8), each
output first being put through a
series resistor in the generator chas-
sis. At the other end of this resis-
tor, the output lead is applied to
the printed socket via the generator
wiring harness. Its mating printed
plug then continues the circuit and
the signal enters through the lower
manual cable shown at the lower
left in Fig. 7-4. Here it is applied
to the key-switch contact spring of
the proper key. In the key rest, or
up, position, this spring rests on
the lower “off’ bus, which is a
ground return. Thus, the tone re-
mains silent when not played.
When a key is depressed, the spring
is lifted from the ground return
and applied to the upper “on” bus.
It, in turn, is connected to the in-
put of the quality control chassis
(via P-20). The output series resis-
tors, although on the tone chassis,
are more a part of the key-switch
circuit. Because each tone source
has a number of usages, these resis-
tors keep the output above ground
potential at the .01-mfd capacitor,
and yet provide a ground at the
key switches when the keys are at
rest. This type of voltage-divider
system permits multiple use of a
single generator output, and also
isolates the generator from ground.
The tonal flow is from the printed
plugs to the key switches. When the
keys are depressed, their signal
passes through to the quality con-
trol chassis via the “on” buses of
the key switches.

.The 16’ and Quint (nonpercus-
sion) stops of the upper manual
follow the same general pattern as
the lower-manual stops. On some
models a single generator-output
lead brings both a Quint and a
16’ tone to the key switches. The
tone is first brought to the asso-
ciated 16’ switch spring with which
there is a “separate off,” which is
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jumpered to the spring of the
Quint key using this tone. The
“off” bus of this switch is a ground
return that keeps the tone silent
when neither key is played.

The 8 and 4’ sustain keying cir-
cuits are much different. The key
switch “on” bus is continuous, run-
ning the whole length of the 44
key switches. It carries the B+ cur-
rent. When a key is depressed, the
contact spring moves up and con-
tacts this bus bar. Through a 10K
series resistor, voltage is applied to
the suppressor grid and plate of the
proper tone generator. The sustain
capacitor for that key is also
charged, and a voltage is provided
to fire the neon lamps (part of the
tone chassis collector circuit). Addi-
tional key-switch circuitry for the
lowest octave of both manuals will
be explained under “keyboard solo
circuit.”

Quality-Control-Tab Switches
and Tone Filters

The quality control chassis is
composed of tab switches and tone
filter amplifiers that process the
tones. All models follow a similar
pattern.

The inputs to the quality control
chassis come from the key-switch
collectors for the nonsustain cir-
cuits and from the generator col-
lectors for the sustain circuits. The
keyboard is divided into various
collector groups for Flute voices so
that, progressing up the scale, the
fundamental is amplified and the
upper harmonics rejected. The low-
est F on & stop has a fundamental
frequency of approximately 175 cy-
cles. The last note in its group,
A#2, has a fundamental of approxi-
mately 233 cps. In addition to hav-
ing these fundamental frequencies,
the signals from the tone chassis
also contain harmonics of this fun-
damental. Eccles-Jordan counter cir-
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cuits have square-wave outputs very
rich in all odd harmonics. For Flute
voices, the tone must contain only
the fundamental. Therefore, when
the Flute tab is depressed, the sig-
nal from this collector group is
switched to the input of a tuned-
triode filter amplifier with a reso-
nant frequency of 212 cps. Fig. 7-5
shows the filter amplifier circuit; on
half of V61B is the 212-cps filter
amplifier. Thus, when the signal
from the first collector group is
applied to the 212-cps input, the
fundamental frequency will pass
through, but all harmonics will be
rejected. The next collector group,
B2-E2, has a frequency range of 246
to 330 cps. The 8 Flute voice for
it is diverted to the 300-cps tuned
filter amplifier in Fig. 7-5. As the
fundamental frequencies increase on
the keyboard, the collectors for the
Flute voices are directed into am-
plifiers tuned to the approximate
frequency range. Hence, only the
fundamental tone is heard when
the Flute voice tab is on.

For non-Flute voices, it is un-
necessary for the keyboard to be
divided into groups according to the
fundamental frequency range. A
common path is provided for all
tones by taking, through a resistor,
an output from each collector group
of that footage, and then tying all
of them together to form a com-
mon collector group. This collector
line is passed to the tab switches of
the non-Flute voices. When these
yoices are turned on, the tone passes
into the tuned filter amplifier pro-
ducing the frequency characteristic
to that voice. The French horn
would show an emphasis close to
425 cps. Therefore, to produce the
French horn tone, this tab permits
the collector line to pass into the
425-cps tuned filter amplifier. String
tones, being rich in all harmonics,
go to a high-pass triode section
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(V63A) which accents all harmonics
in its output. The output of all
tuned-filter amplifiers and the string
amplifier passes into the preampli-
fier input. Now that all tone pro-
cessing has been completed, the
tones selected must be amplified to
the proper level. An over-all method
of controlling the organ volume
must also be provided. In the qual-
ity control schematic for each
model, our ending point is the
preamplifier output.

Amplifier

The output of the quality con-
trol preamplifier (pin 1 of P-15 in
Fig. 7-5) is applied to the varia-
ble capacitor expression control via
S-15 and S-16 in Fig. 7-6. This ca-
pacitor assembly, which is activated
by the swell (volume) pedal, is lo-
cated in the chassis and attached
to the pedal. It consists of a copper
stator and rotor plate, with a ce-
ramic dielectric. At full volume
(swell), the capacity of about 500
mmf provides maximum coupling
to the following stage. Shunted
across this capacitor is an RC net-
work for bass compensation. The
swell-capacitor output is applied to
the voltage amplifier stage (V66A)
on the amplifier chassis. The output
of this triode drives phase splitter
V66B, which in turn drives the
push-pull output tubes. Models
using a pair of 6L6GB tubes have a
power output of 26 watts, and
those with 6V6GT tubes, a power
output of 14 watts. All speakers
have a voice-coil impedance of 8
ohms. Where two are used, they are
wired in parallel and the output
transformer has a matching imped-
ance of 4 ohms. A jack, on the am-
plifier chassis of all models, is wired
across the output-transformer sec-
ondary so that an additional speaker
with an 8- or 16-ohm voice coil can
be plugged in. A low-impedance,

high-level output for driving an ex-
ternal amplifier can also be taken-
from here.

Power Supply

A conventional power supply
(Fig. 7-7) supplies the necessary low-
voltage AC for the heaters, and a
full-wave rectifier supplies the B+.

Pedal Keyboard Circuit

The pedal tones for the lowest
five pedals, C through E, are taken
from the last divider of their corre-
sponding tone chassis. The drive sig-
nal for the highest eight pedals, F
through C, is taken from the next-
to-the-last divider of their respective
tone chassis.

The pedal switch assembly is
shown in Fig. 7-8. The switches,
activated by the pedals, do not con-
trol the signals directly. Instead,
they apply a B4 firing voltage
which permits the tone to be se-
lected and put into the pedal coun-
ter and control circuit. On the
Model SS, this voltage is applied di-
rectly to the pentode plates of the
tone source tubes which,. when
keyed, attract the signal from the
screen. On all other models, a neon
lamp in series with the tone output
is fired by the B+ from the pedal
switch and offers a low-impedance
path into the pedal circuit. Regard-
less of how the signal is taken off,
the B4 applied to any tone chassis
also charges the 0.22-mfd capacitor
associated with each pedal switch
in Fig. 7-8. Thus, after the pedal
is released, and even though the
firing voltage is gone, the charged
capacitor keeps the neon lamp or
the pentode plate activated. This
allows the tone to enter the pedal
circuit.

Any keyed pedal tone is first sent
to an amplifier (V70B in Fig. 7-9),
the output of which is coupled to
an Eccles-Jordan counter circuit
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the main-amplifier line.

Fig. 7-8. The pedal switch assembly.
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Because the pedal counter cir-
cuits can handle only one signal at
a time, the pedal switches must not
let more than one tone enter the
pedal circuit at a time. When any
pedal is first depressed and then re-
leased, its tone will linger because
of the charged 0.22-mfd capacitor.
The instant the next pedal is
played, the 0.22-mfd capacitor in the
previously activated circuit must be
discharged so the tone will cease
before the next circuit is keyed. On
earlier models, a mechanical slider
bar provided a ground for a pre-
viously played pedal. In recent
models, the relay (Fig. 7-8) does the
same job. When a pedal is de-
pressed, the relay energizes. This
connects the black leads from the
“off”” contacts on the pedal switches
to ground, and the 0.22-mfd capaci-
tor associated with the note previ-
ously played is discharged through
the 22K resistor and the pedal
switch. An uncanceled tone will re-
sult in a rumbling sound when the
next pedal is depressed. On models
using neon lamps, the malfunction
can be observed visually—the neon
will continue to glow, even after
the next pedal is depressed.

Although the sustaining circuit at
the generator signal take-off point
would permit sustaining a tone for
the pedals, the time actually is con-
trolled by the plate voltage of the
control tube. This plate does not
receive any voltage until a pedal is
actuated, at which time a 0.22-mfd
capacitor in the plate circuit (con-
nected to pin 1 of S-11 in Fig. 7-9)
is charged. When the pedal is re-
leased, the charged capacitor leaves
a voltage on the plate to continue
the signal. The 0.22-mfd capacitor
is not applied when the pedal sus-
tain is off. Therefore the tones,
even though sustaining at the gen-
erator level, are cut off at the con-
trol tube.

Solo Keyboard Circuit

The solo keyboard circuit of the
organ involves the 16’ tones of the
first twelve keys in the upper man-
ual, and the first eight keys in the
lower manual. These two groups of
keys are solo tones only, achieved
by a series-opening switch sequence
in both groups. B+ is applied, on
the upper manual, to the 12 springs
in the key switch for keying the solo
tube, and also to the first spring of
the 12key series-opening switch
group. Each key has a separate “off”
bus wired to the spring of the fol-
lowing key. When these keys are all
in the rest position, the series open-
ing sequence is a solid line. The
B+ continues through to the “on”
bus and spring of the 16’ tab switch,
the first of the eight key series
opening switch groups in the lower
manual, and also to the eight
springs for keying the solo tube.
When the 16’ tabs are on, B4 is
applied to the upper manual, first
through the series opening sequence
and then to the lower manual. With
this arrangement, single 16’ tones
are permitted in the 12-note group
in the upper manual. But if more
than one key is played, the lowest
note takes precedence because B+
is disconnected from the ones above
it. In the lower manual, a similar
condition also exists—if more than
one key is played, the lowest note
takes precedence. Any key played
in the 12-note group of the upper
manual on the 16" stops will inter-
rupt the B4 to the 8’ note group
of the lower manual. This elimi-
nates any 8 tones on the lower
manual eight-note group, but leaves
the octave-higher counterpart, which
is provided by another switch sec-
tion. With the 16’ tabs off, the
solo circuit is not needed on the
upper manual. Therefore, B4 is
sent directly to the lower manual.
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The “separate on” buses of these
solo sections are connected to 470K
plate resistors of the last divider of
their respective generators. When
the plate is keyed, the tone passes
through a capacitor to the solo col-
lector line, where it is applied to
the solo-tube input and counted
down one octave.

In addition to keying the genera-
tor, another section of the key
switch also applies B+ to the solo-
tube plate or suppressor. The upper
manual keys the plate, and the
lower manual, the suppressor. The
tone, counted down one octave, is
drawn 'to its respective element and
applied to the collectors. Thus,
when a key is played in the first
12-key group of the upper manual,
its respective generator is fired. The
tone is then applied to the solo
tube and counted down one octave.
From here it is drawn to the plate
(which is also keyed) before being
applied to the collector. In the

lower manual, the procedure is the
same except the solo-tube suppres-
sor is keyed.

Vibrato

The vibrato circuit is given in
Fig. 7-10. A triode section (V72A)
employed as a low-frequency phase-
shift oscillator provides the vibrato
signal pulse. The slow speed is 5.7
cps and the fast speed is 7.1 cps.
These speeds are regulated by the
values of the resistors in the phase-
shift network between the plate and
grid.

The output of the phase-shift os-
cillator is coupled to another triode
(V72B) which functions as a cathode
follower. The output of this cathode
follower provides a low-impedance
driving source that is connected to
the diode sections of all twelve
master-oscillator diodes in the tone
generator (Fig. 7-3). These diodes,
alternately conducting and not con-
ducting, vary the effectiveness of
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Fig. 7-10. The vibrato oscillator and amplifier.
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the capacitor (Cl) coupled between
their plates and the oscillator tank
circuit.

The output of the phase-shift os-
cillator is controlled by the vibrato
tab switches. With the vibrato off,
the output is grounded through the
off-on switch. The “heavy” depth is
determined by the value of the out-
put resistor at the phase-shift oscil-
lator. When the tab is turned to the
“light” position, an additional re-
sistor is shunted across to lower the
output level of the oscillator. The
“slow” speed is determined by the
value of a resistor in the phase-
shift network. In the “fast” posi-
tion, this resistor is shunted by an-
other to lower the effective resist-
ance and thus increase the speed.
In the “slow-heavy” position, an-
other resistance, shunted across the
output, decreases the heaviness to
prevent a “wah-wah” effect.

Glide

The glide pedal (Fig. 7-9), when
activated, closes a switch circuit that
applies B+ to the vibrato diodes
of the master oscillators. (When
the glide tab is depressed, pins 9
and 10 of S-11 are connected.)
Then, when these diodes conduct
heavily, the variation from the vi-
brato oscillator is canceled out and
the vibrato thus eliminated. The
capacitor to the tank circuit (Cl in
Fig. 7-3) now becomes more of a
factor, and flattens the output from
the master oscillator.

TUNING AND ADJUSTMENTS

Tone Generators

There is only one adjustment for
each tone chassis. The brass screw
in the tuning coil (L1) adjusts the
powdered-iron slug which tunes the
master oscillators. There are 12
master oscillators, one for each tone

in the chromatic scale. The proper
adjustment of these 12 slugs assures
proper tuning of the entire instru-
ment, including both the manuals
and the pedals. Any technician fa-
miliar with tuning by intervals will
tune one chassis to unison with a
standard tuning fork, and then set
the other eleven, using intervals
(but being sure not to use any
vibrato). The lesser experienced
tuner may prefer a set of 12 tuning
bars, so he can set all 12 by unison.

Key Switches

The key switches are underneath
and to the rear of the keys. The ad-
justment for each switch is at the
back of the key. A threaded stud is
attached to the key, and held to it
is a hairpin-like wire clip. This clip
is carefully adjusted at the factory
and, under normal circumstances,
should not require any attention.

Quality Control Chassis

Some models have potentiometer
adjustments for the vibrato speed
and depth on the quality control
chassis. These adjustments are set
at the factory and should not be
changed unless absolutely necessary.

Amplifier and Power Supply

The only amplifier and power-
supply adjustment is a potentiom-
eter control. It regulates the over-
all volume on the Models S and SS
to suit the room conditions.

Pedal Switch Assembly

At the top rear of each pedal
channel is an adjustable “ear,” the
height of which determines the
amount of pedal motion required
to activate a pedal switch. This
“ear” is factory-set and hence re-
quires no adjustment. If the “ear”
is forced down too far, however, the
pedal will not sound unless de-
pressed very hard (and in extreme
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cases, will not sound at all). On the
other hand, if the “ear” is bent up
too high, the switch may not return
to its “off-position” bus. A burbling
sound will then be heard when any
pedal immediately following the
poorly adjusted one is depressed.

The relay-type pedal switch has
an adjustment for the relay cur-
rent. This requires setting of the
7.5K (in earlier models) or 10K
control R5 in Fig. 7-8 near the
high C pedal switch. To check this
adjustment, connect a DC volt-
meter across the 1,000-ohm, l-watt
resistor (R4) on terminals 5 and 6
at the top of the switchboard
(counting from the high C end).
When any pedal is keyed, the read-
ing across this resistor should be
25 volts. If not, readjust R5 to read
25 volts.

CAUTION: Never set this con-
trol for more than 30 volts
across R4.

SERVICING THE LOWREY
ORGANS

As with the servicing of all or-
gans, first make sure the complaint
is not actually a defect in some
other circuit. Check all controls and
keys first to determine just what
sections are not functioning prop-
erly; then proceed with the servic-
ing of that section.

Tone Generators

If only one family of tones is af-
fected (for instance all C’s), and the
defect occurs on both manuals and
pedals, a defective tone generator
is indicated.

Since each circuit depends on the
one above it to provide the drive
signal, the highest circuit which no
longer functions is probably at
fault. Progressively test each key,
starting with the master oscillator,
to determine the defective circuit.
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Self-bias is applied to all Eccles-
Jordan divider circuits through a
common supply produced across a
resistor on the amplifier chassis.
Should all generator divider cir-
cuits fail, this voltage should be
checked.

The most probable causes of
trouble in the tone generator cir-
cuits are:

1. Defective generator tube. Try
exchanging a tube from one of
the other operative generators.
If the tube is to blame, the
trouble will “move” to the
other generator.

2. Broken wire; shorts caused by
wires dressed too close to-
gether or by a piece of wire
scrap or solder. Place a weight
on the key with the defective
tone, and probe the parts with
an insulated probe. Defects of
this kind will usually be touch-
sensitive, and probing will
localize the fault.

3. Electrical component failure.
If the failure is in a divider
circuit, suspect the printed cir-
cuit under the corresponding
socket. All Eccles-Jordan cir-
cuit components are enclosed
within it. If the master oscil-
lator is inoperative, check the
individual components, and
particularly the tuning coil,
which should be checked for
an open circuit. NOTE: There
are two types of printed cir-
cuits, 21X75 and P-6021. Al-
ways replace with the same
type—except the Model SS first
divider should always be re-
placed with a P-6012.

As an alternate generator test,
use the meter probe only (no con-
tinuity test) and place the VOM
close to the 6SN7 voltage amplifier
stage on the amplifier chassis.

PR 0%

ks

Touch the end of the probe to the
side of the .01-mfd blocking capaci-
tor farthest from the master oscil-
lator. If the oscillator is working,
the tone will be capacity-coupled
directly from the generator into the
amplifier, and this will indicate
that the master oscillator is oper-
ating. Repeat at each .0l-mfd ca-
pacitor of each succeeding divider.
The highest circuit that does not
provide a tone is the defective one.

Key Switches

An open circuit anywhere—start-
ing at the generator output, the
printed socket or plug, and the con-
tact spring of a particular key—will
cause a dead key on that footage.

The keying switches do nothing
more than control the tonal flow
from the tone generators to the
tone-filter inputs. Continuity tests
will reveal opens or shorts in this
section.

A grounded output anywhere on
a nonsustain circuit will kill not
only its own, but also all other
tones to its collector group. If two
outputs become shorted together,
the ground from the one not played
will be transferred to the other and
cause a grounded collector group.
If a contact spring touches its “‘off”
bus and the “on” bus at the same
time, the group will be dead be-
cause the ground from the “off” bus
will be transferred to the collector.
When a spring touches both buses
at the same time, bend away one
of the bus bars to attain the neces-
sary gap, or else change the con-
tact spring. In the latter case, the
contacts may also need re-forming.

Quality Control

Quality control failure will be
found only on certain tabs, or in
groups of successive keys when the
Flute tabs are used. If in the pre-
amplifier, the problem will be com-

mon to all keys and stops on both
the manuals and the pedals. y

Check each voice tab on all keys.
Note which non-Flute voices are
defective on the entire keyboard,
and the exact keys which are de-
fective on Flute voices. If a filter
amplifier trouble, all problem areas
will lead to the particular circuit
involved. When the pattern does
not point to one filter amplifier,
then inspect the individual switch-
ing circuits on the tab switches.
Watch for improperly seated con-
tact springs, resin solder joints, and
springs which have fallen out
through the bottom. These springs
can be easily replaced. Merely put
them through the tube pin from
the bottom, and toggle the tab half-
way until it goes straight into the
actuator.

Amplifier and Power Supply

All keys and all stops will be af-
fected when the amplifier or power
supply fails. The circuit is quite
simple, so the usual troubleshoot-
ing methods can be employed.

Pedal Circuit Failure

Check all keys and stops on the
manuals. If everything is normal
here, the amplifier circuits common
to both the pedal and the manual
are functioning properly.

There are two basic types of fail-
ures. The pedals may be dead, or
there may be a burbling sound
caused by two drive signals entering
the pedal circuit at the same time.

If all pedals are dead, determine
if the tone generators are providing
the signal. The neon lamp will go
on when its corresponding pedal is
pressed, indicating a signal is pres-
ent. Now determine if voltage is
being supplied to the control tube
when a pedal is depressed. If this
voltage is normal, be sure the sig-
nal from the blocking capacitor is
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passing through the tab switch cir-
cuits and into the amplifier. All
pedals will be dead if there is cir-
cuit failure anywhere—from the gen-
erator collector line, through the
pedal amplifier, counter circuits,
and the tab switches, to the ampli-
fier.

In Model S organs below serial
No. 25000, the original switch did
not provide enough “wipe” on re-
turn of the firing spring. These
switches should be replaced with
the improved switches. If pedal bur-
ble is encountered on one or more
notes in the Model S, but the neon
tube action is O.K. (only one glows
at a time), check for a 100-mfd ca-
pacitor between the pedal neon and
ground. If one is present, remove it
because this capacitor will some-
times cause oscillations with the re-
sultant burble. Also in the Model S,
the pedal neons (particularly low
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C through E) may glow faintly,
even without a keying signal. This
is caused by too high a drive signal.
To remedy, change the 470-ohm
series resistor feeding the neon bulb
to 680K on generators G through E.

Pedal burble in Model SS is
probably caused by a defective
(cathode to filament leakage) 6 X 8
tube in the tone chassis of a good
pedal. Replace the tube.

Vibrato Failure

When the phase-shift oscillator
fails, the vibrato will be dead on
all tones. If there is no vibrato on
one family only, check the diode
sections of the master oscillator for
that family. If trying several tubes
does not bring the phase-shift os-
cillator to life and the cathode-
follower triode is all right, suspect
the .015-mfd capacitors in the oscil-
lator circuit.

CHORD | VIBRATO

' AND CONTROL
- BASS :
VOLUME

CONTROLS

HORD  CHORD
VOICE
TABS

Fig. 8-1. The Thomas Model J chord organ.

CHAPTER 8

THE THOMAS
ELECTRONIC ORGAN

Thomas Models G, GP, GS-1, H, J, and K organs are very
similar, differing only in the controls, number of keys, amplifiers,
and speakers. Some models also incorporate a record changer
which may be played separately or along with the organ. The
Model J pictured in Fig. 8-1 is a chord organ. Thomas also produces
i transistor models; however, they will not be covered in this chapter.
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The voices on the Thomas organs covered in this chapter are
continuously variable; thus, it is possible to mix the voices to any
desired degree. Furthermore, a continuously variable vibrato con-
trol is employed, permitting selection of any degree of vibrato.

GENERAL DESCRIPTION

A list of the various models
covered in this chapter, and their
specifications, follows:

Model G

Keyboards
Manual
49 Notes
Pedal Clavier
13 Notes
(16 pitch)
Voices
Diapason, Reed, Flute, String,
and Horn. (All continuously
adjustable.)
Controls
Pedal Volume Control and Or-
gan Off-On Switch.
Vibrato Control (continuously
adjustable).
Solo Control (three position).
Expression Control.
Speaker On-Off Switch and
Headphone Jack.
Amplifier
10-Watt. (Provision for additional
tone cabinet.)
Speaker
10-inch PM.

F through F

C through C

Model GP

Keyboards
Manual
49 Notes
Pedal Clavier
13 Notes
(16’ pitch)
Voices
Diapason, Reed, Flute, String,
and Horn. (All continuously
adjustable.)
Controls
Pedal Volume and
Switch.
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F through F

C through C

On-Off

Vibrato Control
adjustable).

Solo Switch (three position).

Expression Pedal.

Speaker On-Off and Headphone
Jack.

Phono Controls—Volume,
and Treble.

Selector Switch—Phono, Phono-
Organ, and Organ.

(continuously

Bass,

Amplifier
10-Watt. (Provision for addi-
tional tone cabinet.)
Speakers
Organ and Phono—One 10-inch
unit.

Phono Only—One 5” tweeter, two
6” mid-range, plus divider net-
work.

Model GS-1

Keyboards
Manual
49 Notes
Pedal Clavier
13 Notes
(16’ pitch)
Voices
Diapason, Reed, Flute, String,
and Horn. (All continuously
adjustable.)
Controls
Pedal Volume Control and Or-
gan On-Off Switch.
Vibrato Control (continuously
adjustable).
Solo Switch (three position).
Expression Pedal.
Speaker On-Off Switch and Head-
phone Jack.
Phono Controls—Volume,
and Treble.
Selector Switch—Phono, Phono-
Organ, Organ.
External Input Balance Control.

F through F

C through C

Bass,

Phono-Tuner Selector Switch.
Amplifiers

Two 10-watt amplifiers. (Provi-
sions for additional tone cabi-
net and external speakers.)

Speakers

Organ  Only—Two
speakers.

Organ and Phono (dual position)
—One 10” speaker on the or-
gan, one 10”7, one 6”, and one
5” tweeter on the phono.

Phono Only—Two 10” speakers.
Two 6” mid-range speakers.
Two 5” tweeters.

Record Player

10-inch

Four-Speed =~ Automatic. (Plays
monaural or stereo records,
automatic shut-off after last
record.)

Model H (The Concerto)
Keyboards

Swell Manual
44 Notes F through C

Great Manual
44 Notes F through C

Pedal Clavier
13 Notes

(16" pitch) C through C
Voices

Swell Manual—Diapason, Reed,
Trumpet, Flute, String, Oboe,
and Vox Humana.

Great Manual—Diapson, Clarion,
Flute, String, and French Horn.

Pedal Clavier—Reed, Diapason,
and Bourdon.

Controls
All voice controls have tablet

(on-off) stops and variable
intensity controls.
Percussion Attack and Decay

tablet stops with adjustable
controls.

Preset (on-off) tablet and seven
variable intensity  controls,
duplicating the Swell manual
voices.

Individual Expression pedals for
each manual.

Speaker on-off switch and head-
phone jack. g
Amplifier
25 Watts. (Provision for addi-
tional tone cabinet.)
Speakers
One 12” and one 8” PM.

Model J (Chord Organ)

Keyboard
44 Notes
Chord Section

120 Buttons arranged in standard
accordion pattern.

80 Buttons produce Major, Mi-
nor, Seventh, and Dimished
Chords in all keys.

40 Remaining Buttons play the
Tonic or 3rd note of the re-
spective key, and at the same
time sound a 16’ pitch Base
Note.

Controls

Five variable keyboard controls
—Diapason, Reed, Flute, String,
and Horn.

Four Tablet (on-off) Switches—
Vox Humana, Flute, Cello, and
Horn for Chord Section.

Chord Note Volume Control.

Bass Note Volume Control and
On-Off Switch.

Variable Vibrato Control for the
keyboard, and a .tablet switch
that permits cancellation of the
Vibrato for the chord section
only.

Expression Control.

Speaker  On-Off
Headphone Jack.

Amplifier

10-Watt. (Provision for

tional tone cabinets.)
Speaker

One 107, (plus one 8” in later

models).

F through C

Switch and

addi-

Model K (The Intermezzo)

Keyboard
Swell Manual
37 Notes F through F
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Great Manual

37 Notes F through F
Pedal Clavier
13 Notes
(16’ pitch) C through C
Voices

Swell Manual—Diapason, Reed,
Flute, String, Horn, and Oboe.
Great Manual—Diapason, Reed,
Flute, and String.
Pedal Clavier—Diapson.
Controls
Pedal Volume Control and Or-
gan (off-on) Switch.
Variable intensity control for
for each voice.
Expression control.
Speaker on-off switch and head-
phone jack.
Individual (variable) Vibrato
controls for each manual.
Amplifier
10-Watt. (Provision for addi-
tional tone cabinet.)
Speakers
One 10-inch and one 8-inch PM.

THEORY OF OPERATION

Tone Generator Oscillators

Tones of the Thomas organs
covered in this chapter are created
by vacuum-tube Hartley oscillators
in which one stage provides two,
three, or four consecutive notes.

When more than one key associ-
ated with the same oscillator is de-
pressed, only the highest note will

sound. Operating any key selects a
tuning circuit and applies a keying
voltage to the grid of the respective
tube. This action offsets a fixed
cutoff bias and thereby causes the
circuit to oscillate.

When the highest note of a group
is played, a single-pole, double-
throw switch disconnects the lower
notes through a series contact, com-
pleting the circuit between the key-
ing bus and the oscillator tube grid
(see Fig. 8-2). When the middle
note of a group is played, a keying
voltage is applied to the tube, and
tuning capacitor C206, connected
across the tuned circuit, reduces the
pitch by approximately one semi-
tone. The key contact for the low-
est note (a single-pole, single-throw
switch), applies the keying voltage
and connects tuning capacitor C207
across the tuned circuit.

A variable inductor (L201) in the
oscillator circuit provides coarse
tuning of a shared group of notes.
A spring-loaded screw changes the
inductance by varying the air gap.

The fine tuning of each note
(thoroughly covered in the tuning
section) is furnished by variable re-
sistors R212, R218, and R214 in
series with each keying-voltage cir-
cuit. Each group of notes shares
half of a 12AU7 tube on the same
component panel with variable in-
ductor 1201 and main tuning ca-
pacitor C201.

s
R207
o 4§ cOMPLEX TOME

'_“c_?; R A 1)

100K
c204
V20IA (@) ok SaoK 8
e yi2auy” 22 :5?!‘;::
B (0] 2ot
R208  R204
H 100K 1-c208
E e
1 +70 1
v T
I ' +23

Fig. 8-2. A typical Thomas oscillator circuit.
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Fig. 8-3. Typical Thomas voicing circuits.

Control Panel

The oscillators generate two sig-
nals, a Flute tone (almost a pure
sine wave) and a complex tone (very
rich in harmonics). Both tones are
fed into the control panel, which
is made up of formant circuits con-
sisting of high- and low-pass and
resonant-frequency sections. These
circuits, either singly or in combi-
nation, shape the signal waveform.

The complex signal is fed into
the control panel and formant cir-
cuitry, where it is formed into the
harmonic combinations that create
the Diapason, Reed, String, and
Horn-type voices. (See Fig. 8-3.)

The flute signal is fed into the
control panel, but bypasses the
formant circuitry. The Flute and
complex signals are then combined
and fed into the amplifier input.
Potentiometer-type voice controls
are incorporated in the models cov-
ered in this chapter. Thus, the
voices can be blended in an infinite
variety.

Amplifier and Power Supply

A conventional audio amplifier
amplifies the signal sufficiently to
operate the speakers or auxiliary
tone cabinets. The expression (vol-
ume) control, a variable resistor,
controls the shunting of the input
signal to ground.

The power-supply circuits pro-
vide the necessary voltages for the
amplifier and tone generators. An
0A2 gas voltage-regulator tube pro-
vides a constant cathode bias for
the oscillators, regardless of the
number of notes played. This bias
voltage must be constant, or the
tuning will be seriously affected.
Fig. 84 shows how this is accom-
plished. Half of a 12AU7 (V102A)
maintains a constant  current
through common oscillator cathode
resistor R127. Keying voltage to the
generator is also regulated to sta-
bilize oscillator operation. This cir-
cuit uses half of the 12AX7 (V105B).

A phase-shift oscillator (VI105A)
applies a low-frequency voltage to

REGUL 0SC.. REG.
TIMA oy TO KEYING CIRCUITS
Te
VIos8 Vio2A
B it AL
L grars_)2
Snizs ¥
) A
i nas 15k ez
T 3 68K &
"
e =3 I : 4
280V 1o 0A2

Fig. 8-4. The vibrato, keying regulator,

and oscillator cathode-regulator circuits.
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the keying voltage regulator V105B,
and thus causes the keying voltage

phase-splitting  transformer, and
operating into a push-pull to a

SIGNAL
ouTPUT
TO AMPLIFIER

to vary at the vibrato rate. This, in  single-ended output transformer T2. ]

turn, varies the pitch. The vibrato The voltage across capacitor C113, % =Y. A _J/“

rate is adjustable by means of a applied between the center taps of g & §§

variable resistor (R118) on the back the two transformers, controls the 28 as e g
of the chassis. A control on the resistance of the two varistors. @é & L 233,
panel, which shunts part of the A varistor is a nonlinear resistor; § : §§§§

vibrato-oscillator output to ground,
provides an adjustable vibrato in-
tensity.

Percussion System

The percussion in the Thomas
organ permits a large variety of
tonal effects. It also provides an ad-
justable explosive attack and decay
to any associated note. The percus-
sion is repetitive. When one key is
held down, the note sounds with a
sharp attack and then slowly dies
away. Then, while that key is still
held down and a second note is de-
pressed, both keys will sound with
a sharp attack and a long decay.

On top of each key with which
the percussion unit is associated,
there is a single-pole, double-throw
switch that charges or discharges a
.001-mfd capacitor (C114 in Fig. 8-
5). It acts as a pulser for the one-
shot multivibrator V101 (12AU7)
which, when triggered, puts out a
pulse lasting approximately one-
fiftieth of a second. The pulse is
then fed to a 6AQ5 cathode-follower
keyer stage V102. One of the sets
of contacts on the attack stop tablet
controls this keyer stage. The
cathode-follower output charges 4-

mfd capacitor Cl113 during this .

pulse interval. The capacitor dis-
charge may be slow or fast, depend-
ing on the setting of the decay stop
control. The voltage across the ca-
pacitor modulates the signal to give
the percussive attack and decay.

when the voltage across it is raised,
the resistance drops and more cur-
rent flows. These units are installed
in matched pairs; so both will have
to be replaced if either is defective.
The 4-mfd percussion capacitor is
very critical; it should be replaced
only with a factory-tested unit.

The signal is applied through the
percussion attack control to the
grid of the preamp stage into the
modulator circuit. After leaving the
modulator, it goes through the post
amplifier stage and then back
through the attack stop to the am-
plifier input. In order for the per-
cussive effect to be properly formed,
the associated tone generators must
operate before the multivibrator
and modulator are triggered. The
key switches and the percussion
whiskers are adjusted so that, be-
fore the percussion whisker touches
the upper bus bar, the oscillator is
turned on slightly.

If a note does not have the
proper percussive attack, check its
percussion key switch. Readjust the
contacts and whisker for proper
sequence. The timing is not too
critical, as long as the oscillator
has been slightly keyed before the
percussion contacts. This can be
checked by slowly depressing a cor-
rectly adjusted key and noting the
contact sequence.

ASSEMBLIES

2
8235

ENVELOPE

MOD. STAGE

R121 560K
o AA%

MODULATOR

SWITCH

R1IO
56K

DECAY POT ”DECAv STOP

50V
150V
75V
300V
KEY SWITCH ASSEMBLY

ONE PER KEY

TO AMPLIFIER
& POWER SUPPLY

The modulator consists of a pair Tone-Generator Assemblies
of varistors (R117 and R120) driven All Thomas organs have the same
with the amplified signal from the type of tone generator. The gen- A

v 7 T
control-panel output, through a erators differ only in the number B Fig. 8-5. The Thomas percussion circul
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Fig. 8-6. Tone generator used in the Model H2 organ.
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of notes generated and in the shar-
ing sequence (such as 2-, 3-, or 4-
note groups). The circuits and the
arrangement of parts are identical
for each oscillator. Fig. 8-6 shows
the tone generator circuit for the
Model H-2 organ. The different

end of the keyboard is reduced to
emphasize a right-hand solo. This
transition takes places over nine
notes and consists of three steps,
as shown in Fig. 8-8. Access to the
control panel is gained by opening
the top of the organ.

AMPUFIER

Model GP—The Model GP re-
sembles the Model GI as far as the
keyboard, tone generator, pedal
clavier (pedal keyboard), amplifier,

keying circuits and the various
sharing sequences are given.

Ri67
arx

PERCUSSION ATTACK

-

PERCUSSION ATTACK
CONTROL

E

Control Panels

|
|
|
I
I
The control panels contain the and expression pedal are concerned. o / ':
voice and vibrato controls and the The only exceptions are the four L :
master switches. The Model GI controls for the record player and h . :
control panel (Fig. 8-7) contains changer on the left end of the con- i 3 ls :
five variable voice controls, a solo trol panel. The volume, bass, and & S 5,
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Fig. 8-9. Control panel for the Model H2 organ.

Fig. 8-8. Solo-control characteristics.




Model H2—The control panel for
the Model H-2 organ is given in Fig.
8.9. It differs only in the type and
number of voices, and in the added
use of stop switches in conjunction
with the voice intensity controls.
There are two vibrato controls, one
for each manual. In addition to
acting as the on-off switch, this
control provides an adjustable
amount of vibrato. The percussion
unit is identical to the one de-
scribed earlier. The preset unit
is an additional set of tonal intens-
ity controls. It receives its signal
from the swell-manual tone filters.
The signal is taken ahead of the
swell stop assembly (and percussion)
for preset panel.

To service the control panel,
open the top of the organ, loosen
the top catch, and raise the panel
to a vertical position by removing
the four -inch hex sheet-metal
screws at both ends. Lift the front
edge of the panel to allow the back
edge to slip into the slots provided.

Model J—The control panel for
Model ] chord organ (Fig. 8-10)
contains five variable controls for
the keyboard, a variable vibrato
control, a chord-note volume con-
trol, a combined bass-note volume
control, and master off-on switch,
five stop tablets, and a pilot light.
Access is gained through the top of
the organ.

Model K—On the Model K organ,
the control panel is known as the
master cheek-block assembly (Fig.
8-11). To remove it, open the top
of the organ by releasing the two
tie-down bolts. From underneath
the front of the keybed, remove the
five liinch hex head sheet-metal
screws fastening the cheek-block
assembly in place. The assembly
can now be raised and turned over
for service.

NOTE: Be careful not to mar
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the finished edges of the cheek-
block assembly and the end
panel.

Pedal Oscillator

The Thomas pedal clavier re-
ceives its voltages through a six-pin
connector from the power supply
on the main-amplifier chassis as
shown in Fig. 8-12.

The basic oscillator for all notes
utilizes half of a 12AU7 tube
(V401B). When a pedal is de-
depressed, the tuning contacts (at
top of schematic) close, connecting
R401 through R413 (depending
upon the pedal selected) in the
circuit. Thus, the oscillator fre-
quency is changed by varying the
resistive portion of the RC net-
work. The output from V401B,
which amplifies and shapes the sig-
nal, is applied to the output con-
tacts of the key switch. The output
contacts must be adjusted so they
make contact after the tuning
switches close. Otherwise, a false
note of a lower frequency will
sound momentarily, before the
proper tone is heard, when a key
is depressed.

Fig. 8-13 shows the pedal gen-
erator used in the Model H organ.
Operation of this circuit is similar
to the one in Fig. 8-12 except for
the modifications necessary to sup-
ply the three pedal tones (Reed,
Flute, and Diapason).

Amplifier and Power Supply

The signal from the control panel
is applied to the input plug on
the amplifier chassis (Fig. 8-14).
The volume is controlled by the
expression pedal, which shorts a
portion of the signal to ground.
Maximum volume is controlled by
volume control R106. V101A and
V102B are audio amplifiers. V101B
is the phase inverter which delivers
the two signals, 180° out of phase,
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Fig. 8-10. Control panel for the Model J organ.
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Fig. 8-13. Pedal generator used in Model H2.

to the output tubes V103 and V104.
Rectifier tube V106, in the con-
ventional power supply, provides
the B+ voltages for the organ. The
regulated 150 volts is supplied by
voltage-regulator tube V107.

TUNING INSTRUCTIONS

The Thomas organ is tuned by
adjusting the screwdriver slotted
controls (R212 through R215, and
R401 through R413) on the tone
generator and pedal clavier chassis.
(See Figs. 8-6, 8-12, and 8-18.) These
controls are accessible from the
rear. Each one is identified with its
associated note (4, A#, B, etc.).
Sometimes the variable inductor
(L201) associated with a group of
notes will have to be readjusted to
bring one or more within range of
the tuning controls. This might be
called a coarse adjustment and
should be used only when abso-
lutely necessary. After setting the
inductors, allow 30 minutes for
stabilization.

The organ can be tuned by com-
paring it with another instrument
known to be in tune. However, for
accuracy, use a set of 12 tuning
forks or the Conn Strobotuner or
Strobocon.

Even an inexperienced tuner can,
by being careful and following in-
structions, set one note to a tuning
fork and, starting with 4 or C
above middle C, set a temperament
by tuning the rest of the notes in
that octave. Octave zero beating
can then be used to extend the
tuning to the rest of the organ.
These beats can be heard when two
notes an octave apart are played.
If the notes are in tune, a constant
one will be heard. If slightly out
of tune, a beating or rolling note
will result. The farther the notes
are out of tune, the faster the beat-
ing will be. A beat of less than one

per three seconds represents accept-
able tuning.

If only a few notes need retuning,
the following method can be used.
First play the suspected note and
the same note an octave above at the
same time. Then play the suspected
note and the note an octave below.
If beating is heard both times, the
suspected note probably needs re-
tuning. It should be adjusted to
zero-beat with either of the two
octavely-related notes, and then
checked against the remaining
octavely-related note. “Rock” the
tuning control slowly back and
forth until the beats disappear and
a steady tone is heard. Leave the
control in this position.

Anyone can learn to listen for
these beats, even though he has
never tuned an instrument. After
a little practice, it will be a simple
matter to bring the octaves into
zero beat. Usually this is the only
tuning necessary. (NOTE: Use the
Diapason voice, with the vibrato
control off, for all tuning adjust-
ments.)

The pedal assembly is tuned by
adjusting the potentiometers on top
of the pedal chassis. Only a good
standard screwdriver is needed (one
without a frayed bit). When any
single note is tuned, all other lower
notes will have to be retuned. To
tune all notes of the pedal clavier,
begin with the highest one and
work progressively downward to
the lowest. The same system of
zero beating outlined for the key-
board note tuning can be used.

Tuning the Chord Organ

The bass generator of the chord
organ is tured like the keyboard.
The top two rows of tuning po-
tentiometers (as you face the unit
from the front) control the tuning
of the chord notes, and the bottom
two rows control the bass notes.
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1.Set the chord volume control
to maximum and the bass vol-
ume control to minimum.
Place the Cello or Horn stop
tablet “on.” Be sure the vibrato
tablet is off.

2. Tune the chord notes (the top
row of tuning controls) to the
tuning instrument, using the
tonic row of buttons (second
row from the top). Each but-
ton plays an individual chord
note. Any note can be found
in the pedal and bass gen-
erator section, or from the
cardboard identification card
shipped with the organ.

8. Tune the bass notes (the bot-
tom two rows of tuning con-
trols) to the previously tuned
chord notes, using the same
row of buttons. Rotate the bass
volume control until the bass
note of a particular button has
the same intensity as the chord
note. Tune the bass notes in
sequence to minimize drift.
Start with the top note B (in
the lower right-hand corner of
the bass generator) and go
down the scale, ending with C
(the lowest note). Use the note
identification charts to help
you locate the correct buttons.
This sequence must be fol-
lowed because the tuning of
any note will affect all the ones
below it in pitch.

Setting a Temperament

Setting a temperament sometimes
is confusing. However, when it is
explained methodically, anyone
with a normal ear can do it. Since
an organ does not require octave
“stretching” as a piano does, the
simplest tuning method is to use
one of the devices mentioned be-
fore. If none are available, the
following method will be valuable.
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Setting a temperament consists
of tuning the notes in one octave
(twelve notes) to the correct inter-
vals by listening to the beats. The
musical scale is so arranged that,
when certain notes are played to-
gether, a beating almost like a
tremolo effect will be heard. The
object is to arrange these beats so
that the notes will be in tune with
each other. These beats can be
heard when an octave or a fourth
or fifth interval is played (see Fig.
8-15). It is by setting these intervals
that a temperament is set.

T
o, |

Fig. 8-15. Location of 4ths, bths, and
octaves.

We must have an accurate start-
ing point, such as a tuning fork.
We will use the octave above and
including middle C, and will be-
gin by tuning the C above middle
C to C523.3 (cycles per second) with
the aid of the tuning fork. First
weigh the key down so the note
will sound continuously. Then tap
the tuning fork, and adjust the as-
sociated potentiometer on the rear
of the tone generator chassis until
no roll or beat is heard. Now you
can tune all the intervals using the
tuning chart in Table 81, which
shows the complete procedure. Fig.
8-16 shows the keys being tuned.
First, tune the note being adjusted
to the exact zero beat. Then rotate
the tuning control counterclockwise
slightly, until the desired rate of
beat is obtained by counting. A
compromise of six beats in five
seconds is usually satisfactory. Al-
though this method will not pro-

)

TABLE 8-1. PROCEDURE FOR SETTING TEMPERAMENT

Tune For

Play Play and Adjust
C (Tuning Fork) C (523.3)
C (523.3) C (Middle)
C (Middle) G
G D
D A
A E
E B
B Ff
Ff Ct
Cf G
Gf D¢
Dg Ag
Ap F
F C (523.3)

Exact Pitch
Zero Beat

5 beats flat in 5 secs.
7 beats flat in 5 secs.
5 beats flat in 5 secs.
7 beats flat in 5 secs.
5 beats flat in 5 secs.
7 beats flat in 5 secs.
5 beats flat in 5 secs.
5 beats flat in 5 secs.
7 beats flat in 5 secs.
5 beats flat in 5 secs.

7 beats flat in 5 secs.
Check Only—Do not tune
(5 beats in 5 secs.)

duce a mathematically exact tem-
pered scale, the results will be close
enough to be musically acceptable.
Continue this routine throughout
the entire organ.

CHECKOUT PROCEDURE
When servicing these Thomas or-
gans, the following checkout pro-
cedure will aid in determining if
all parts are functioning properly.

1. Inspect all plugs, connectors,
and tubes to make sure they
are securely in their sockets.
Make sure the fuse is in place.

2. Turn the instrument on. The
pilot light should go on.

3. Play each key, noting its action
and whether or not it “speaks”

c* p¥ F

(&

properly. (In the Model H2
organ, the percussion trigger
switches on the swell manual
should be tested. Turn the per-
cussion attack and decay stops
on, the attack intensity control
to maximum, and the decay in-
tensity control to minimum,
and play each key. Observe the
tuning at this time.)

.Hold a pedal key down, and

test the bass volume control,
each pedal stop, and the in-
tensity control. Play all pedal
notes, and observe the key
9peration and key switch ad-
justment. Also observe the
pedal tuning.

. The pedal-assembly alignment

may have shifted if the instru-
ment has been moved. If so,

i oF a¥

]

Fig. 8-16. Location of notes being tuned.

e
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some of the white keys will
strike the floor when played.
Realign if necessary.

6. Operate the expression control.
Does the volume become
louder or softer? Also listen
for squeaks or binds.

7.Play the instrument at a high
volume level. Tighten any loose
assemblies, screws, etc., if you
hear rattles and vibration.

8. After completing steps 1
through 7, tune and service the
organ as necessary. (Be sure to
support the top after opening
it, so the hinges will not be
strained.)

SERVICING
THE THOMAS ORGANS

Leaf Key Switches and Their
Adjustment

The key switches consist of an
SPST for the lowest note and an
SPDT for the remainder. When
they are properly adjusted, the
note will not sound before the key
has been depressed one-sixteenth of
an inch, and should sound before
the key is an eighth of an inch

from the bottom. In the upper.

notes of any group, the lower con-
tact must break before the upper
one makes. This adjustment is best
checked by ear., Hold down the
lowest note in each group, one at a
time. As an upper note is pressed,
the lower one must stop sounding
immediately. This adjustment is ex-
tremely important.

Plastic Keyboards
The plastic keyboards are simi-
lar in all models, the only difference

being in the number and in the-

use of a percussion contact. The
keys are removed by disconnecting
the key return spring and pulling
the key forward. This disengages
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the key pivot spring from the key
rack. It should take a pull-out force
of about six to eight pounds to re-
move a key. If a key is loose, bend
the key pivot spring by hand to
provide more tension. When re-
placing a key, be sure the felt on
the key guide bracket finger is in
place and the bracket upstop is
properly located between the up-
stop and downstop felts before en-
gaging the pivot spring in the key
rack. Also make sure the key con-
tact pin is centered between the
key contacts, and the key return
spring is properly attached.

The side play of a key can be
adjusted by twisting the top of the
individual bracket key guide fin-
ger, and the spacing on the sides,
by bending the finger sideways. To
adjust the key height, bend the foot
of the bracket upstop under the
front of the keys. The complete key
assembly, or any of the individual
parts, can be purchased for replace-
ment.

Printed-Circuit Key Contact
Switches

The printed-circuit key contacts
must be properly adjusted. Other-
wise, the organ will play erratically.
With the keys at rest, the key pins
should deflect the bottom contacts.
The upper contact should be ad-
justed so the note does not sound
until the key is depressed at least
an eighth of an inch, but not later
than a fourth of an inch. The
printed circuit boards should be
positioned so the key contact pin
travels an equal distance above
and below the center of the slot
and deflects the upper and lower
contacts equally. The key pins also
must be centered horizontally in
the slots, to keep the key pin from
rubbing the side of the slot. The
bottom contact wire of all single-
pole, double-throw contacts must

break with the key pin before the
upper contact makes. This can be
checked audibly by holding down
the lowest note (the single-pole,
single-throw key contact) of a given
sharing group. When the higher
notes are slowly depressed, the low-
est note will cease to sound before
the upper note sounds. Single
whiskers can be bent with a solder-
ing aid or needle-nose pliers. All
bending should be close to the
whisker mounting point or at the
45-degree bend only. The whiskers
should be as nearly vertical as pos-
sible when not deflected by the
key pins; they must not rub the
phenolic board. Some switchboards
may have to be removed for in-
spection or replacement. If so, they
should be repositioned as described
here.

Handle the key springs carefully!
They can be slipped off the end of
the key pin. However, do not touch
the body of the spring. Either in-
sert a pointed instrument through
the end loop, or grab the loop with
a pair of needle-nose pliers. Be
just as careful, when replacing the
springs, to not handle its body. For
any rewiring, use a small soldering
iron. Make all solder joints rapidly
and with a minimum of heat to
avoid overheating the phenolic
board. Be sure the solder does not
creep up and coat the spring wire.

Whenever removing wires con-
nected to the switchboard, always
draw a diagram showing the colors
of the wires removed and which
?yelets had no wires. Since the wir-
ing sequence differs in the various
organ models, this procedure will
save time when the switchboard is
replaced.

Key Removal

The following instructions are
for removing wooden keys. To re-
move plastic ones, follow Steps 1,

2, and 3 only. Any plastic key can
be removed by releasing the return
spring at the back of the key and
pulling the key forward to disen-
gage the pivot spring from the rack.

Single-Manual Organs

1. Loosen the console top bolts
(under the rear corners of the
front keybed overhang).

2. Lift the console top. Loosen
(but do not remove) the two
screws holding the control
panel locating brackets (at the
ends of the control panel).
Remove the control panel.

3. Take off the keyboard trim-
strip extrusion by unscrewing
the screws at each end.

4. Remove the upstop channel as-
sembly by unscrewing the two
upstop nuts at each end of the
channel. Do not remove the ad-
justment screw in the center
of the channel.

5.Now any key can be removed
by releasing its return spring
(at the rear of the key) and rais-
ing the key off its balance pin
(also known as the center guide
pin). Be careful not to damage
the key contact switches.

Model H Organ

1. Raise the top of the organ by
releasing the catch under the
center and disengaging the
front edge from the tension
fasteners.

2. Remove the four 4-inch hex
head screws at the ends of the
control panel, and raise the
panel to a vertical position in
the slots provided.

3.To gain access to the lower
keyboard, raise the upper key-
board by removing the key-
slip panel (between the key-
boards) and the two screws
holding the front of the upper
keyboard in place. (Be careful,
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when removing a key from the
swell manual, not to damage
the percussion contact whisk-
ers.)

The upper keyboard on the
Model K organ is reached by open-
ing the top of the organ and re-
leasing the tie-down bolts. (The
Model K uses the same type of tie-
down bolts as the single-manual
organ.) The lower keyboard on the
Model K organ is exposed for serv-
ice in the same manner as for the
Model H organ.

Pedal Claviers

The pedal claviers can be serv-
iced by removing the back cover
(held in place by Y-inch hex head
sheet-metal screws) and removing
the assembly from the organ as
follows:

1.Lay the organ on its side on
a pad.

2. Remove the Y%-inch hex head
sheet-metal screws holding the
unit to the front baffle board.

3. From underneath, remove the
three 54g-inch machine screws
in the back edge.

4. Disconnect the cable to the
amplifier, and remove the unit.

The pedal assembly must be re-
moved before an individual pedal
key can be replaced. The keys are
removed by unscrewing the Phil-
lips head screw in the bottom
center of the key and the sheet-
metal screw at the back of the pedal
assembly.

When replacing the Phillips head
screw, you may have to remove the
cover from the assembly in order
to hold the pedal leaf switch
actuating assembly.

Expression Pedal—Models G, J,
and K

The expression-pedal control is
a variable resistor which shunts
236

the amplifier input signal to
ground. A capacitor in series with
the control provides frequency com-
pensation to produce more expres-
sion at medium and high frequen-
cies. The pedal action can be ad-
justed to the individual’s needs by
turning the set screws in the fiber
bearing blocks. The pedal shaft
sometimes must be lubricated to
prevent squeaking. A tiny dab of
Vaseline or Lubriplate, or a good
grade of grease, can be applied with
a toothpick. Never use oil; it may
enter the control.

Malfunctions

Some of the more common mal-
functions, their cause and cures are
listed in the following.

Single Dead Note—A possible
cause of a dead note is a bad key
switch. If the bottom contact of
either two higher notes in a group
of three is not making, the lower
notes of the group will be dead.
A dirty contact will usually clean
itself if the key is played rapidly
for a few seconds. Another possi-
bility is an open or shorted tuning
potentiometer—check it with an
ohmmeter. The trouble may be a
sliver of metal which is grounding
a terminal to the potentiometer
case. Sometimes a terminal becomes
slightly bent and is grounded to
the cover.

Three Dead Notes in the Same
Group—This is probably caused by
a defective 12AU7 tube. Also check
for an open circuit in oscillator
coil L201.
| Six Dead Notes in Two Adjacent
Groups—The most common cause is
both sections of a 12AU7 tube de-
fective.

All Notes Dead (Tubes Light and
Gas Regulator Glows)—Check the
speaker on-off switch (directly un-
der the left cheek block of the con-
sole). If O.K., check for a defective

12AX7 keying voltage regulator
tube or a shorted or defective am-
plifier tube.

One Note Sounds Continuously—
Check for a jammed or defective
key switch.

Several Notes Sound Continu-
ously (or at Random)—Look for a
defective 12AT7 regulator or cir-
cuit component. This circuit pro-
vides cathode bias to the tone oscil-
lators. If there is no bias, the cir-
cuits will oscillate at random.

Note Stops (or Goes Off and On)
When Vibrato Is Turned on Fully—
The tuning control for the note has
probably been turned too far clock-
wise. Readjust the associated induc-
tor. :

Tuning Controls Do Not Bring
Notes Into Tune—If a tuning con-
trol will not bring a note into tune,
change the gap of tuning inductor
L201. For example, if the pitch of
middle C is still low, even with
the control at the full clockwise
limit, it can be raised by increasing
the gap in the tuning inductor. Be-
cause this inductor also serves mid-
dle C# and D, their pitches will
also be raised, and their tuning con-
trols will have to be readjusted. Set
the gap so no control must be set
at its full limit, either upper or
lower. Also be careful not to set
a control too near the clockwise
stop because the vibrato will be ex-
aggerated. (The tone may even be
interrupted.) If it is impossible to
arrive at a gap that permits all
three notes to be tuned with the
controls in a satisfactory position,
install new tuning capacitors.

Vibrato Rate Choppy on Bottom
F Note—Readjust the potentiometer
on the F note until the vibrato
returns to normal. Then reset the
coil and other three potentiometers.
Retune by zero-beating the octaves.

Distortion—Check the amplifier
gain-control setting at the rear of
the amplifier chassis in this manner:

1. Connect a voltmeter across the
speaker voice coil.

2. Set the vibrato control to off,
the solo control in the center,
and the five voices to maxi-
mum.

3. Depress the expression control
all the way (loudest volume).

4. Hold down the middle C note,
and adjust the gain-control
setting to read 2.0 volts on the
voltmeter.

If distortion still exists, replace
the amplifier power tubes, the rec-
tifier tube, or do both. (Sometimes
other tubes in the amplifier may
cause distortion and should also be
replaced.)

Pedal Clavier—If a single note
fails, check for a defective pedal
switch. The most common cause is
the bottom SPST switch not making
contact when the pedal is depressed.
A false note sounding before the
correct tone indicates the top SPST
switch is closing before bottom one.
Readjust for proper operation.
Should all notes become inopera-
tive, check for a defective tube,
pedal generator or an open or
shorted circuit component. (A small
particle of metal may have fallen in
the pedal clavier. It can be blown
out with compressed air.) If one
tuning potentiometer will not tune
and all the others do, it should be
replaced. All pedals (or a group of
pedals) sounding the same note in-
dicate a short in the top contacts
of the highest correctly operating
switch. A short in the bottom con-
tacts of the switch will cause a
false note to sound continuously.
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Fig. 9-1. The Wurlitzer Model 4000 chord generator.

CHAPTER 9

THE WURLITZER
MODEL 4000 CHORD ORGAN

The Wurlitzer Model 4000 chord organ pictured in Fig. 9-1 has a
41-note solo manual with conventionally arranged keys. The chord
section has 45 chord buttons for playing the accompaniment.
Nine bass buttons, instead of the more conventional pedals, are
used to play the bass notes.
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buttons and melody keyboard are
CONTROL TABLETS white, and the special effect con-
The control tablet section con- trols (vibrato and percussion) are
sists of 16 tone tablets. These tab- red. A schematic of the stop tablets
lets are (from left to right): the and tone filters is given in Fig. 9-2.
bass controls—bass medium, and Some of the instrumental regis-
bass loud (both tabs off provides trations available are the banjo,
bass soft); the chord control which  vibraphone, mandolin, calliope,
provides either chord flute or chord English horn, tenor saxaphone,
string (the chord flute is the nor- Hawaiian guitar, cello, bagpipe,
mal tablet position, the chord harpsichord, marimba, and zither
string is the depressed position); —plus others through the use of
the two vibrato controls—one for different combinations.

|

MAJ (M)
BASS

s ot

AUG. )
DIM. (=)
E
E

off-on, and the other for fast and §
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percussion controls, effects such as _ﬁ
banjo, vibraharp, zither, and others TONE GENERATORS ¥ Y R =z W
are possible. Seven tone generator printed- \ u 3 g
All tablets are color coded for circuit panels accomodate all notes E g £ 8 w
easier recognition. The volume con- of the solo manual. The schematic L B
trols and voice modulator are black, for tone board 1 is given in Fig. § o :‘;,"czg
the tonality controls for the chord 9-4. Tone boards 2 through 7 are :g%d_“
o] o
TABLE 9-1. VARIATIONS IN TONE BOARDS H I | I I | I 114 1 LEen .2
| z ['4
Tone Board | T1 Tunes | T2 Tunes Comgponent Values ‘ qu a/‘:]j]a/]:]/] Egsﬁ _4" Eé
No. Notes Notes C2&C6 C3 C7 R2¥RI0 R6&R7 4O u 0 V[ v 8;;: =
1 D4, E, F D,C§,C | 01 056 082 1K 1 meg el
2 AA$,B | G4#G,Fg| 01 027 089 1K 1 meg
3 D4 E, F D,C4. C .01 012 018 1K 1 meg
4 A,A$,B | G#,G,F§| 01 0082 01 1K 1 meg
o D} E, F D,C4, C 0033 .012 015 560 1 meg
6 A, A, B | G G,F# | 0033 .0056 .0082 560 1 meg
7 D4, E D,C#, C | 0083 0038 .0039 560 1.5 meg Fig, 9-3. The chord unit.
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Fig.

9-4. Tone generator—tone board No. 1.

identical to this tone board except
for the values of C2, C3, C6, C7,
R2, R6, R7, and R10. Table 9-1
gives the values of these compo-
nents for the various tone boards.
The values of the other compo-
nents are the same as shown in
Fig. 94. Notice that each triode
section of a tube produces the
tones for two or three notes. This
is accomplished by shorting a por-
tion of transformers T1 and T2 to
ground when a key is depressed.

The chord and bass tone genera-
tor panel is a printed circuit, with
two 12AU7 tubes in the chord and
one in the bass generator section. A
schematic of these two sections is
given in Fig. 9-5.

All solo manual, chord, and bass
button key switches are terminated
with small clips at the top and
bottom edges on the printed circuit
boards (see Fig. 9-2). These clips
can be easily removed and replaced
if a tone generator must be re-
moved. To take out the chord but-
ton unit, unscrew the four screws
from the bottom of the solo man-
ual keyboard, and unclip the leads
from the chord and bass generator
printed-circuit panel.

AMPLIFIER
AND POWER SUPPLY

The printed-circuit amplifier
chassis contains the vibrato oscil-
lator and the percussion control
tubes. (See Fig. 9-6.) A small po-
tentiometer (R98) on top of the
amplifier chassis adjusts the per-
cussion attack. This potentiometer
can be adjusted while the organ
is being played by using the per-
cussion short and the attack II.
There should be a minimum of
“pop” to the notes when played
percussively. This is a very critical
adjustment and should be done
quite carefully.

The expression (swell) control is
of the variable potentiometer type
which plugs into the amplifier
chassis. The speaker, located at
the front center of the console, is
of the permanent-magnet type.

The power supply is conven-
tional, using a 5U4GB rectifier
tube. An OD3 voltage regulator
tube supplies the regulated 150
volts DC to the tone generators.

DISASSEMBLY

‘The tone generators and the
amplifier and power supply are ac-
cessible by simply removing the
back panel. To reach the key
switches and the stop tablet and
tone filter section, remove the two
screws at the top of the back. Then
release the top panel of the organ
by pushing it forward slightly and
lifting it. The tone filters are en-
closed in a metal case and can be
reached by removing the two metal
screws at each end of the box.

TUNING

This organ must be tuned with
an electronic tuning instrument. It
cannot be tuned by temperament
because of the common oscillator
coils. The Conn Strobotuner is
particularly suited because it can
be plugged directly into the speaker
output jack. To tune the Wurlitzer
Model 4000, proceed as follows:

1. Turn the organ on and allow
15 minutes for warm-up. Also
turn on the tuning indicator
and plug it into the phone
jack under the keybed on the
side of the console.

2. Cancel all stops, being sure
the Vibrato control is off.

8. Depress the Flute stop tablet
and depress the Expression
control about three-fourths of
the way.
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4. The keyboard starts at C and

ends at E, a range of four oc-
taves. Depress the C# note of
the first octave. Use a key
weight to hold the key down.

. In the back of the organ,

seven generator boards will be
found, all numbered from
right to left. The number in-
dicates the octave in which the
generator is used; the letters
such as C, C#, D, A, A and B
indicates the notes that would
be affected by their respective
controls.

. With a screwdriver, turn the

screw labeled “C, C#, D,” on
the board marked ‘“2,” coun-
terclockwise a quarter turn.
The tuning indicator should
show the C# note going sharp
as the control is turned. Turn
this same control clockwise,
watching the indicator. When
the pattern stands still on the
indicator, the C# note will be
in tune (and also the C and
D notes, since this is a shared
oscillator type of generator). Be

8. The chassis at

sure to tune by turning the
screw clockwise, and do not put
too much pressure on the
SCrew.

7. Follow the same procedure on

all other notes in the order
given in Table 9-2.

the extreme
right is the chord and bass
generator unit. This section is
tuned like the other seven
generator boards. However, no
keys need be depressed; in-
stead, use a jumper wire to
short the proper notes to
ground at the top of the unit.
These notes are properly iden-
tified. Follow this schedule:

Short note
at top of
Notes unit to ground
C-Ct C
D-D# D
E-F-F§ F
G-Gf G
A-A#-B Af
Bass F F

TABLE 9-2. TUNING ORDER

Notes Generator Board Number  Key Depressed on Manuall
C,C#,D 2 C# 1st octave
D SR 2 E 1Istoctave
F4, G, G 2 G lstoctave
A, A% B 9 Af 1st octave
C,C§ D 3 C# 2nd octave
D}, E, F 3 E 2nd octave
F4, G, G# 3 G 2nd octave
A A4 B 3 A# 2nd octave
C,C4D 4 C# 3rd octave
D# E, F 4 E 3rd octave
F#, G, Gf 4 G 3rd octave
A A4 B 4 A# 3rd octave
C,C4 D 5 C# 4th octave
D4, E 5 E 4th octave
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Fig. 10-1. The Leslie Model 47 organ speaker.

LESLIE ORGAN SPEAKERS

Leslie speaker systems, when used with electronic organs, greatly
improve their acoustical quality, whether the vacuum-tube or the
transistor oscillator type. This is due to the unique manner of
building a tremolo into the speaker system itself. This tremolo
can be added or left out by means of switches and relays controlled
at the organ console.
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The Leslie Model 47 speaker, shown in Fig. 10-1, contains a
35-watt amplifier. It is equipped with a 30-foot cable and the
necessary switches and controls to permit operation of the organ
console alone, the Leslie cabinet alone, or the two combined.

Leslie speakers are protected by United States Patents R.E-23,
323, and others. They were invented by Donald ]. Leslie of Electro
Music, Pasadena, California. The manufacturer supplies complete
information about installing them for the different makes of organs.
Therefore, only those few items making up the servicing of these

units need be considered.

PREVENTIVE MAINTENANCE

Every Six Months— Place 20 or
30 drops of high-grade sewing-
machine oil in each of the two
tremulant-motor oil tubes at the
back of the cabinet. Make sure all
amplifier tubes are lit. (The unit
will still work if only one of the
matched pair of audio-output tubes
is working, but results will be
greatly impaired). Also, inspect the
tremulant-motor belts to see if they
are fraying.

Every Year—Qil the upper tremu-
lant rotor. This oil hole is at the
center of the Bakelite tremulant as-
sembly and is clearly marked. Al-
low about five drops of oil to flow
down this tube, but not to over-
flow at the opening. Do not let any
oil get on the belts or in the pulley
grooves.

NOTE: Instruments in steady
use should be oiled every three
months, and the upper rotor
every six months.

Amplifier Tubes—A complete,
new set of tubes should be installed
after about a thousand hours of
use. The weakening of these tubes
is so drawn out that you may not
be aware of the substandard results.
Always test new tubes before put-
ting them into service.
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SERVICING

Amplifier and Electrical

To remove the amplifier, take
out the screw holding the front of
the amplifier chassis to the bottom
of the cabinet. Remove the two
motor and two speaker plugs and
pull out the chassis. In replacing,
align the back of the chassis so the
amplifier guide and hold-down
clamp will engage the amplifier.

Fuse

The fuse is a Slo-Blo unit (2 amp
in Model 47 and 3 amp in Model
51C). Before replacing, determine
why it has blown.

Power-Tube, Screen-Voltage
Regulation

A simple regulating circuit holds
the output-tube screens at the best
operating voltage, regardless of vari-
ations in the signal level.

Gas regulator tubes maintain a
constant voltage drop regardless of
current variations (within rated
limitations). An OC3-VR105 regu-
lator tube provides a constant volt-
age reduction in a series circuit to
the output-tube screens. A resistor
of approximately 4700 ohms, %
watt, (not critical in value) con-
nected to pin 2 of the regulator
tube suppresses possible gas-tube
oscillations caused by screen-current

variations. It also acts like a fuse
in case of an accidental screen-
circuit short.

Distortion

Distorted sound most often is
caused by too high a setting of the
speaker volume control. The am-
plifier gain is purposely higher than
necessary so low-power consoles will
provide the full sound output from
the speaker. Setting this volume
control to maximum will result in
distortion when the organ swell
(expression) control is wide open.
Therefore, use the following pro-
cedure to prevent this:

1. Set the speaker volume control
to minimum.

2. Set the console swell (expres-
sion) control fully on (loud-
est).

3. Place all except the 16’ lower
manual tablets on.

4. Play full chords and one pedal
note, and turn the speaker
amplifier volume control from
low to high until distortion
can be heard. Then slowly
back off the volume control
just far enough to remove the
distortion. This adjustment
does not have to be made
again.

CAUTION: Do not set the vol-
ume control to produce con-
tinual distortion because the
speakers will be damaged.

Voltage Readings

If the amplifier develops trouble,
measure the various voltages and
compare them with the ones on the
circuit diagrams (Figs. 10-2 and
10-3). These voltages should be
measured with a 20,000-ohms-per-
volt VOM. (Keep the meter resist-
ance, line voltage, and parts toler-
ances in mind.)

Electrolytic Capacitors

The electrolytic capacitors are
30-30-30-10 mfd, 475-volt units. Be-
cause electrolytic capacitors even-
tually wear out, they are contained
in a plug-in can that is as easy as
a tube to replace.

Automatic Electric Braking on
Tremulant Motors

When the tremolo control switch
is turned off, the control relay ap-
plies a direct current to the tremu-
lant motors, braking them. While
the switch is off, the direct cur-
rent flows through the motors con-
tinuously. No harm is done because
the current is far below the nor-
mal running ratings.

This DC braking voltage is ob-
tained by rectifying and filtering a
25-volt tap on the power-trans-
former primary. The circuit con-
tains a silicon diode rectifier; a
200-mfd, 50-volt filter capacitor; a
filter choke coil to eliminate switch-
ing clicks; and a 3-ohm, 10-watt
current-limiting resistor to protect
the silicon rectifier from current
surges.

Horn-Reflector Replacement

When a reflector is damaged, cut
the standoff pins so they can be
pulled out with a pair of slip-
joint “gas” pliers.

Make sure, when putting on the
new reflector that the cut edge is
at the top of the horn in the op-
erating position. Use the special
cement furnished by the manu-
facturer.

Speakers and the Dividing
(Crossover) Network
Leslie uses a full two-way system
with two separate speakers. Pedal
and midrange tones are generated
by a heavy-duty, 15-inch speaker
with an alnico permanent magnet.
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Fig. 10-2. Schematic of the Leslie Model 47 power amplifier.

Fig. 10-3. Schematic of the Leslie Model 51C two-channel power amplifier.
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Its impedance is 16 ohms. Treble
tones are generated by a compres-
sion driver unit which also uses an
alnico 5 permanent magnet and has
an impedance of 16 ohms.

The 15-inch speaker is mounted
in a matched bass-reflex enclosure.
The cabinet back must be in place
and securely fastened. The high-
frequency driver is loaded by means
of a rotary horn.

Only one horn in the upper
rotor radiates sound. The other
dynamically balances the assembly
to eliminate vibration. A small cot-
ton acoustic filter, in the throat
of the horn, prevents dust from
entering the driver unit. (Do not
remove this filter.)

Two specialized range speakers
are connected to the amplifier by
two half-section, M-derived, fre-
quency-dividing networks  (cross-
over). The network separates the
bass and treble range output of
the amplifier, and also directs the
proper signal to each speaker. This
separation occurs at 800 cps. It is
unlikely that trouble will ever be
experienced with this element.

Motor Maintenance

After several years, the motors
may accumulate lint and dust,
which interfere with proper venti-
lation and oiling. The motors can
be easily removed and cleaned with
a solvent. If there is some noise
after the motors have been reas-
sembled, the bearing probably is
unseated. A light tap with a fairly
heavy tool, on the lamination side,
will usually jar the assembly into
the proper position.

The mounting brackets used with
the motors are adjusted to 5%
inches between the centers of the
mounting holes. The upper and
lower motors are interchangeable
when the proper pulley is used.
The three-groove pulley is for the
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upper rotor and the single-groove
pulley is for the lower one.

Upper Motor Removal

Remove the motor power plug
from the socket. Remove the two
wing nuts. The motor can now be
pulled from the cabinet.

IMPORTANT: The upper mo-
tor must run counterclockwise
when viewed from the top, or
pulley, end. Otherwise, the
upper tremulant rotor will not
come up to speed. If the mo-
tor is disassembled or changed,
make sure it rotates counter-
clockwise (viewed from the
pulley end).

Lower Motor Removal

As with the upper motor, re-
move the power plug and the two
wing nuts. When replacing, posi-
tion the belt on the motor pulley
before lifting the motor into place
on the mounting screws. The front
wing nut controls the tremulant
drive-belt tension, which must be
adjusted whenever the motor is re-
placed. To adjust, pull the front
wing nut to the left until the belt
is tight. Then release the wing nut.
The belt will assume its proper
tension. Tighten the wing nut at
this position. Do not stretch and
hold the belt in that position with
the wing nut because too much
tension will result in noise and
hard rotor starting. These belts last
for several years. When replacing
them, also examine the pulley and
mountings for rough surfaces or
misalignment, which will cause un-
due wear.

Upper-Belt Replacement

Remove the upper-compartment
cover and restretch the new belt
by pulling it to its full length.
Place it first over one horn and

then the other, and then in the
desired motor-pulley groove and
idler pulley. Three tremulant
speeds are available by choosing
any one of the three grooves on
the motor pulley. The center
groove provides standard tremolo;
upper groove, a slow tremolo; and
the lower groove, a fast tremolo.

Lower-Belt Replacement

A frayed or worn lower belt can
strike the lower shelf or belt guard
and cause noise. It should be re-
placed as follows: Remove the large
center back and lower compart-
ment cover. Remove the eight
mounting screws along the rim of
the bass speaker, and remove .the
cable connecting plug from the
dividing network. Lift the bass
speaker from the shelf and out of
the cabinet. (Lift straight up for a
short distance to avoid damaging
the cone.) Remove the rotor sup-
port from the shaft. Place the new
belt on the large pulley, and pass
it between the rotor and shelf
towards the driving motor. Remove
the motor-holding wing nut near-
est the cabinet back to partially
drop the motor. Temporarily hook
the new belt over the screw that
had the wing nut. Replace the bear-
ing support on the rotor shaft, and
position the ends in the shallow
locating channels at the speaker
opening hole. Align the holes in
the support with the speaker mount-
ing holes in the locating channels.
Place the speaker back in position,
and install the two screws holding
the speaker at each end of the bear-
ing support. These screws should
be just started in position, and then
the other six screws started. After
all eight are in position, they can
be tightened. Place the new belt
on the driving-motor pulley and
Place the motor back in position,
using the original holding wing

nut. Adjust the belt tension as
mentioned earlier.

Removing Treble Speaker and/or
Upper Tremulant Rotor

1. Remove the upper cover and

belt.
2. Remove the center-compart-
ment back.

3. Remove the treble-speaker
plug from the dividing net-
work.

4. Remove the three screws
around the rim of the treble
speaker, and drop it straight
down and out.

5. The upper tremulant rotor
can be removed by turning it
sideways.

IMPORTANT: Be sure the rub-
ber and metal thrust washers
are on the spindle so the trem-
ulant rotor will operate at the
correct height and bass tones
will not produce thrust-bearing
noises. Place the rubber washer
on the spindle first, and then
the metal washer on top of it.

Idler Pulley

The spring-mounted idler pulley
provides the proper belt tension.
Should the mounting be bent out
of line, it should be rebent until
it is aligned with the belt.

Bass Speaker Removal

Remove the center compartment
back and the screws in the rim of
the bass speaker. Remove the plug
from the dividing network. Lift the
speaker straight up for a short dis-
tance before taking it out of the
cabinet, to avoid damaging the
speaker cone.

Bass Rotor Upper Bearing
Replacement
1. Remove the bass speaker. (See
preceding paragraph.)
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2.

Remove the top half of the
bearing clamp. The bearing
can now be lifted out and a
new one installed.

If the new bearing is slightly
loose, remove the bearing support
assembly from the cabinet and dis-
assemble it. Bend the lower half
of the bearing clamp so it will ap-
ply more pressure to the ball bear-

ing.

Bass Rotor Lower Bearing
Replacement

1y

2,

Lay the cabinet on the floor
so the bottom is accessible.
Remove the two screws fasten-
ing the bearing mounting plate
to the cabinet. The entire bear-
ing assembly can now be pulled
from the shaft. Do not lose the
flat metal washer between the
rotor and the lower bearing
grommets.

. To replace the ball-bearing as-

sembly, remove the top half of
the bearing clamp.

. When reassembling the bearing

holder to the rotor shaft, don’t
forget the flat washer between
the rotor and bearing grom-
mets.

Lower Tremulant Rotor Removal

1

Remove the bass speaker.

2. Remove the upper bearing
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support and belt.

3. Using the large pulley as a

handle, remove the tremulant
rotor shaft by twisting and
pulling up at the same time.
The tremulant rotor will then
come out from the back of
the cabinet. Save the metal flat
washer between the bearing
and rotor grommets.

. When replacing the tremulant

rotor, be sure the sound-deflec-
tor surface curves downward
and the flat metal washer is in
place between the bearing and
the rotor bottom grommets.
Use a little oil or Vaseline as
a lubricant when putting the
rotor shaft back on the rotor.
Neither lubricant will harm
the neoprene grommets.

NOTE: When inserting the lower

shaft, hold the rotor in a posi-
tion that will allow the end of
the shaft to enter the bearing
grommet without displacing the
flat metal washer between the
bearing and rotor grommets.
The shaft will be easier to
align if the cabinet is placed
on the floor and the lower
bearing assembly removed, just
as for replacing a lower bearing
assembly. In this way, you can
determine if the washer be-
tween the ball-bearing grom-
met and the tremulant rotor
grommet is properly in place.

|

CHAPTER 11

ELECTRONIC ORGAN
TUNING DEVICES

B.efore we discuss electronic organ tuning devices, a word about
tuning—what it means, why it is done, and how—would be apropos

.It woulc.l be ideal if all musical instruments did not change their.
pitch during their useful life. Unfortunately, they do. Moisture
_temPerature, and other conditions take their toll. For this reason,
the instruments must be tuned from time to time. A good examplej
of an untuned instrument is the “tinny” piano which is the trade-
mark of saloons in movie and TV westerns.

The predominant tuning device is the fork—a high-grade
U-shaped object with a handle on the bottom. Vibration of its
two prongs gives out a single pure note of constant pitch, the
ftltd:l depending on the length and thickness of the prongs. The
Tan ard, adopted by the French in 1859, is 4 above middle C.
sl;fi fork moves back and forth 870.9 times a second at 15°C.
o(f Hf‘o)ls tIhe tone remains the same; it is not subject to the effects
i re, temperature, and other conditions which plague

cal instruments. :
its'l;}(;fu::::glg fork may be .mounted onl a hollow box to increase
ik y resona?ce. ¥t is mome'ntarll}f vibrated by a light tap,
i onstant vibration by an intermittently energized electro-
n one of the prongs.
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A variation, the tuning bar, is a
steel bar set on a resonance box.
Because of its greater volume, the
tuning bar is used by bands and
orchestras. Nevertheless, it works
on the same principle as the tuning
fork—that is, it vibrates at the
standard pitch.

Tuning forks can be obtained in
complete sets of thirteen. They are
accurate within .001 vibration per
second at 70 to 72 degrees Fahren-
heit, in a full chromatic octave
from middle C (C261.63 through
C528.25, which is the standard for
A440 scale temperament). These
tuning devices are accepted as
standard by the U. S. Bureau of
Standards and the American Fed-
eration of Musicians.

To go back to the beginning of
the standardization of organ tun-
ing, and to the recognized stand-
ards of pitch as we in the United
States know them today, we must

TUNING SCALE

TUNING POINTER
TUNING KNOB

POWER CORD POWER SWITCH

CALIBRATION
SWITCH

MICROPHONE

SCANNING DISC

go away back to 1880. This was the
year the A440 pitch was adopted as
the standard, first in this country,
and later throughout the world.

The advent of the electronic or-
gan, coupled with the fact that it
would be serviced by men trained
in electronics instead of music, soon
led to the development of elec-
tronic tuning devices. By using
them, service technicians (even
though they may have a “tin” ear)
can tune the organ just as accu-
rately as the organ tuner.

THE CONN STROBOTUNER

The Strobotuner (Fig. 11-1) pro-
vides organ service technicians with
a portable device for rapidly and
accurately tuning electronic organs
(or any other musical instrument).
By stroboscopically comparing a
sound frequency with a standard
frequency, it determines whether a

OCTAVE
BAND NUMBER

TONE
SELECTOR
KNOB

CONNECTION

AIN
CONTROL

Fig. 11-1. The Conn Strobotuner.
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musical tone is sharp, flat, or in
tune with the . equally tempered
scale, based on the standard A440
cycles per second. Its range covers
84 semitones (half tones)—from one-
fifth of a semitone below C1 (first
octave C at the lower end of a key-
board) to one-fifth above B7 (sev-
enth octave B at the upper end of
a keyboard). This is the full range
of a piano, and is well within the
range of any electric or electronic
organ. The Strobotuner is equipped
with a high-impedance microphone
for audio tone pickup, plus a five-
foot cable and plug. It is 1014 inches
long, 7% inches deep, 73 inches
high, and weighs 13 pounds.
There is a single viewing window
in the center of the face panel, and

Fig. 11-2. The Strobotuner disc.

behind the window, a stroboscopic
scanning disc. On the disc are
p_rmted seven circular bands con-
sisting of alternate light and dark
ségments, as shown in Fig. 11-2.
Each band represents one octave.
The smallest band, near the hub,
I€presents the first octave; the outer-
most band, the seventh octave. The
number on each band indicates the
octave.,

"Ijh'e tone selector switch has a
Position for each of the twelve chro-

matic notes of the musical scale.
It, together with the multiple-band
stroboscopic disc, provides the full
seven-octave range. In the upper
left corner of the face panel are a
tuning knob, pointer, and scale.
The scale is graduated in five-cent
intervals, from zero in the center to
29 cents left for flat and 20 cents
right for sharp. (One cent equals
Yiooth of a semitone.) The pointer
and scale indicate the amount a
note is either sharp or flat. Across
the bottom of the panel are power,
calibration, and note selector
switches, plus a gain-control knob
and microphone or patch-cord in-
put jack.

Setting Up The Strobotuner

Remove the cover, and plug the
power cord into any 110-volt, 60-
cycle outlet. The pilot lamp will
light when the power switch is
turned on, indicating that current
is getting to the instrument. Allow
ten minutes for the instrument to
warm up.

IMPORTANT: Do not obstruct
the ventilating grilles behind
the Strobotuner. Be sure there
is good air circulation around
them. Otherwise, the instru-
ment may become overheated
and be damaged.

Calibration Before Tuning

After the Strobotuner has warmed
up, hold the calibration switch
down as far as it will go, and ad-
just the tuning knob until the pat-
tern appearing on the smallest oc-
tave band in the strobodisc window
seems to stand still. (A slip pointer
arrangement allows the tuning knob
to be rotated as far as necessary
to produce a stationary pattern,
while permitting the pointer to be
set anywhere on the scale.) Next,
move the pointer to the zero (cen-
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ter) position, but leave the tuning
knob in place. (Normally the
pointer can be slipped independ-
ently from the tuning knob. How-
ever, you may have to hold the
knob to prevent it from turning
with the pointer.) The calibrate
switch can be released after the pat-
tern comes to a standstill, so both
hands will be free to reset the
pointer. After setting the pointer
to zero, recheck the calibration to
be certain the tuning knob has not

been moved and the instrument is

still in calibration. To do this, sim-
ply depress the calibration switch
and note if the pattern in the first
(inside) octave band is still station-
ary. You are now ready for oper-
ation.

Check the calibration frequently,
particularly when using the tuning
knob for measurements or tuning
standards other than A440 cps. Each
time you use the tuning knob to
deviate from the standard pitch,
check the calibration before making
the next measurement.

Standards other than line fre-
quency may be used for calibrating
the Strobotuner—for example, the
440-cps signal from radio station
WWYV. If using other sources, just
feed the signal to the Strobotuner
through its microphone. The cali-
brate switch is not used at this
time. Only the tuning knob and
pointer need be adjusted.

NOTE: When calibrating with
the power-line frequency, be
absolutely sure it is a true 60-
cycle current. The instrument
can be operated on, but not
calibrated to, as low as 50-
cycle current. When true 60-
cycle power is not available, a
standard other than the power-
line frequency is mandatory for
accurate calibration.

Principle of Operation

The Strobotuner employs the
stroboscopic principle, whereby the
frequency of the sound introduced
by the musical instrument is com-
pared with a standard frequency
from the Strobotuner. Two neon
bulbs, flashing in step with the
frequency of the sound reaching
the microphone, illuminate a rotat-
ing disc. The disc is imprinted with
a pattern consisting of seven rings
with alternate light and dark seg-
ments that correspond roughly to
the spokes of a wheel. Starting with
the one at the center, each ring has
exactly twice as many segments as
the preceding one. This corresponds
to musical tones, which double their
frequencies at successively higher
octaves.

The stroboscopic disc is rotated
by a small synchronous motor. The
speed of the motor, controlled by
the tone selector switch, provides a
frequency standard for each of the
twelve tones of the scale. For ex-
ample, a tone selector setting for
tone A would cause the disc to ro-
tate 27.5 revolutions per second
which, multiplied by the 16 seg-
ments of the fourth octave band,
results in a frequency of 440 cycles
per second—the standard for a
fourth octave A. Thus, when an 4
of exactly 440 cycles per second is
sounded in the microphone or
through the patch cord, the cor-
responding illuminated band of
spokes will appear stationary be-
cause the rate of flashes (tone fre-
quency) equals the exact number of
disc spokes passing a given point.

Therefore, if the sound has a
frequency of 438 cycles per second,
the 16-segment “A” pattern band
would appear to rotate slowly to
the left; but if slightly higher in
pitch than 440 cps, the pattern
would appear to rotate slowly to

the right. This is how the Strobo-
{uner instantly shows whether a
tone is flat or sharp.

Turning the tuning knob will
vary the speed of the disc slightly,
within the normal intervals of one
semitone provided by the tone se-
lector switch. When adjusted to
produce a stationary pattern for an
off-pitch tone, the tuning pointer
then shows by approximately how
many cents (Yiooths of a semitone)
the tone is sharp or flat.

The tuning knob also provides for
measurements, in correct intervals,
of the equally tempered scale for
standards other than A440. If a
scale based on A435 is desired, for
example, correct intervals can be
obtained for all other tones in the
seven octaves by merely bringing
the fourth band A pattern to a
standstill at a frequency of A485
(A4 minus 20 cents).

Suggestions for Tuning the Organ

For best pickup, place the micro-
phone directly in front of the organ
speaker. A patch cord, offered as an
accessory to the Strobotuner, en-
ables tuning without a microphone.
It is plugged into the built-in head-
phone jack, or connected directly to
the audio output when there is no
jack.

NOTE: It is advisable to consult
the service manual for the
make of organ being tuned, in
order to learn the recom-
mended procedure.

Allow ten to fifteen minutes for
both the Strobotuner and the or-
g8an to warm up. Then calibrate
tbe tuner, as described in the sec-
tion on calibration.

Adjust the gain control to pro-
duce the best pattern contrast.
Then adjust the tuning control on
the organ until the pattern on the

strobe disc is stationary. The tone
selector knob must be reset for each
tone measured.

While tuning an organ, check the
Stro?;otuner calibration from time
to time, by depressing the calibra-
tion switch while the scale pointer
Is set at zero. If power-line varia-
tions have altered the instrument
from A440, the initial calibration
will have to be repeated.

Instead of tuning successive notes
in each octave, some organ tuners
prefer this alternate method: First,
set the selector switch at C and
tune all the C’s in all octaves. Then
proceed with all the C sharps, etc.
This method will reduce the num-
ber of tone-selector switch settings
and thereby speed up the tuning
operation. Complete instructions for
using the Strobotuner to tune an
organ were given in Chapter 3.

It is not a good idea to “stretch”
any octaves in organ tuning, as is
done in tuning a piano, because of
the octave couplers used in so many
registrations. Remember that an in-
strument held to within one-quarter
to one-half of one per cent receives
better listener acceptance than one
with perfect pitch.

From time to time it is advisable
to check the vacuum tubes in the
Strobotuner, as insurance against
any errors from this source.

SUMMARY

The service technician has quite
a choice of devices designed to tune
an electronic organ. Some of them
are much more expensive than
others. Fortunately, it is not neces-
sary for the technician to spend a
lot of money. If he has a good
musical ear, he will find the tuning
fork is the most economical device
—yet its accuracy cannot be sur-
passed.




GLOSSARY

A

Accompaniment Manual. The keyboard used for playing the
accompaniment to the melody. Also called the lower manual
or great manual. (See Manual.)

Amplifier. The portion of the organ used to increase the signal
strength from the tone generators sufficiently to operate the
speaker system.

Attack. The length of time it takes for a tone to reach full intensity
after a key is depressed. On most organs this effect is adjustable
by either a switch or potentiometer.

B

Baffle. A partition or enclosure used with a speaker to increase the
length of the air path from the front to the rear of the speaker
diaphragm. This reduces the interaction between sound waves
produced simultaneously by the front and rear surfaces of the
diaphragm, and thus improves the fidelity of the reproduction
and directs the sound in the desired direction.

Bass. The lower tones of the organ. The pedal tones.

Bass-Reflex Enclosure. A speaker enclosure in which a portion
of the radiation from the rear of the speaker is used to reinforce
the bass tones.

Beat. The phenomenon that takes place when two tones slightly
different in frequency are sounded simultaneously. The tones
will alternately cancel and reinforce one ancther, resulting in
a rise and fall of the intensity of the combined sound—termed
beat. The more closely the two tones are brought into tune, the
slower the beat.

Bus Bar. An uninsulated electrical conductor (wire or rod) which
distributes voltages to various points or collects tones from
several sources.

C

Chord. A combination of harmonious tones that are sounded to-
gether through the use of one or more fingers on either or both
hands. On chord organs, depressing a single chord button selects
the full chord.

Cipher. A tone produced when no key is being depressed.

Clavier. Any keyboard, either hand- or foot-operated. In electronic
organs, this may ‘consist of one, or more hand-operated key-

boards and the foot-operated pedals.
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Console. The complete organ cabinet.

Coupler. A stop tablet which permits the playing of tones on one
manual with the keys of another manual, or the simultaneous
sounding of octavely-related tones on the same manual.

Crossover Network. The frequency-selective circuit that divides
the high and low tones for application to their respective
speakers.

D

Decay. The length of time it takes for a tone to fade away after
the playing key is released. On many organs this effect is adjust-
able by either a switch or potentiometer.

Decibel. The unit of measurement used for expressing a change in
magnitude of the signal or sound level (abbreviated db).

Diapason. The fundamental tone color of all organ music. It is not
imitative of any orchestral instrument, and is thus in a class by
itself.

Diode. An electrical component with the property of conducting
current in one direction and blocking it in the opposite di-
rection.

Doppler Effect. The change of pitch in a tone, caused by move-
ment of the sound source relative to the listener.

E

Expression Control. The control which regulates the over-all
volume of the organ. Usually operated with the right foot.
Extended Octaves. Tones above or below the notes on the regular
keyboard which can be sounded only when certain couplers
are on. For example, if the highest manual key is 73 and the

4’ coupler is on, note 85 will sound.

F

Flat. A note one-half tone below its related white key. (See Sharp.)

Flute. One of the four basic tone colors which resemble the orches-
tral flute. A flute tone is void of many upper harmonics, and
therefore, is a pure (sine-wave) tone.

Formant Filters. A waveshaping network used to modify the sig-
nal from the tone generator so it will assume the waveshape of
the desired tone.

Frequency. The number of complete cycles or vibrations per unit
of time, usually per second.

Frequency Response. The range in frequency over which a given
amplifier and speaker will reproduce the various pitches.

Fundamental. The normal pitch of a musical tone. The lowest
frequency component of a complex waveform.
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G !
Great Manual. The keyboard normally used for playing the ac-

companiment to the melody. Also called the accompaniment
manual or lower manual. (See Manual.)

H
Half Tones. (See Semitone.)
Harmonic. The component of a complex note, the frequency of

which is a multiple of the fundamental frequency. Also called
an overtone.

I
Interval. The difference in pitch between two tones.

K -
Keybed. The shelf or horizontal surface on which the keyboard is

mounted.

Keyswitch. The switch which is closed when a key is depressed to
allow a tone from the tone generator to sound.

M

Manual. A group of keys played with the hand. In two-manual
organs, the upper manual is referred to as the solo or swell
manual, and is normally used to play the melody. The lower
manual is referred to as the accompaniment manual or great
manual and is normally used to play the accompaniment to the
melody. However, if desired, the melody may be played on the
lower manual and the accompaniment on the upper manual.

N

Neon Lamp. A two-element, gas-filled tube which, when ionized by
application of an external voltage, will allow current to flow
through it. Below the ionization voltage, current will not flow.
Thus, it acts as an electronic switch, conducting only when the
ionization voltage is applied.

Note. A single musical tone. The notes of the musical scale are
referred to by letters running alphabetically from A to G for
the white keys. The black keys may be called a sharp of the
note below it or a flat of the note above it. Each note has a
frequency exactly one half that of the corresponding note in
the next higher octave.

(0}
Octave. An interval of semitones in the diatonic scale, composed of
seven white keys and five black ones. The interval between two
tones, one having a frequency twice that of the other.
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Oscillator. An electrical circuit consisting of a tuning coil and ca-
pacitor, a transistor or tube, and various other components, that
generates an electrical signal which is one pitch of the musical
scale.

Outphasing. A term applied to a method used in some organs for
producing certain voices. Special circuitry, employed between
the keying-system output and the formant filters, is used to
either add or subtract harmonics or subharmonics from the
tone-generator signal. Part of the circuitry may employ succes-
sive Eccles-Jordan stages to obtain square-wave signals of either
polarity and of different footages (4, 8', 16/, etc.).

Overtone. (See Harmonic.)

P

Partial. One of the different frequencies which are combined to
form a complex tone.

Pedal Clavier. The pedal keyboard of the organ which supplies
all the bass accompaniment for the other manuals. It usually
consists of one or two octaves.

Pedal Keyboard. (See Pedal Clavier.)

Percussion. The effect found in musical instruments in which
tones are produced by plucking or striking strings, such as a
piano or guitar.

Phase Inverter. A stage connected between a preceding single-
ended stage and a succeeding push-pull stage which provides
two signals 180° out of phase for driving the push-pull stage.

Pitch. The characteristic of a sound which the hearer perceives as
being relatively high or low in the musical scale.

Potentiometer. A resistance unit having a rotating contact arm
which can be set at any desired point on the resistance element.

Power. Power, when referring to electronic organs, usually refers
to the sound output measured in watts; however, it can refer
to the AC power consumed by the unit.

Power Supply. That portion of the organ which supplies the oper-
ating voltages for the various circuits.

Preset. A control which will turn on or off a group of voices or
couplers without the necessity of changing the position of the
individual stops. These controls may affect either or both
manuals.

R

Rectifier. A device, either tube or semiconductor, which converts
alternating current to direct current.

Reed. One of the four basic tone-color groups, so called because
they resemble orchestral reeds, and often used as solo stops.
Certain groups of reeds add much to the brilliance of the over-
all organ tone.
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Relay. An electromagnetic switch employing an armature to open
or close contacts. 3
Resultant. The term applied to a tone produced when two notes

a fifth apart and an octave higher than the desired note are
sounded to produce the desired note.

Reverberation. The persistence of sound in a room after the source
of the sound has stopped.

S

Scalsét{\ slerlecs1 of elgfhhnotf‘:s, starting with C and running in alpha-

ical order as follows: C, D, E, F, G, A, B, C; plus the sharps
of the notes.

Semitone. The relationship between adjacent pitches on the musi-
cal scale.

Sharp. A tone one-half tone above its related white key. The black
k('eys of an organ. A black key will be the sharp of the white key
directly below it and the flat of a white key directly above it.
Musically, a sharp and flat are the same musical pitch. However,
for standardization, technicians usually refer to it as a sharp.

Sine Wave. Waveform corresponding to a pure single-frequency
oscillation.

Solo Manual. The upper manual of a two-manual organ, normally
used for playing the melody. Also called the swell manual. (See
Manual.)

Speaker. An electromechanical device for converting audio-fre-
quency currents into sound waves.

Standing Waves. The nonuniform distribution of sound energy in
a room, resulting from the fact that the floor, ceiling, and walls
reflect sound waves. These reflected waves reinforce or cancel
one another at various points in the room.

Stops. The switches or controls which provide for the selection and
mixing of the various voices and footages.

String. One of the four basic tone-color groups which are more or
less imitative of orchestral strings. They are rich in upper
harmonics. Some are mildly voiced and others have a keener
quality.

Sustain. The effect brought about by circuitry which will cause
a note to continue to sound and gradually diminish after the
key controlling the note has been released.

Swell Manual. The upper manual of an organ, normally used to
play the melody. Also called the Solo Manual. (See Manual.)

T
Tablet. A rocker-type control which provides the selection of a

voice or footage.
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Temperament. The tuning of an instrument so the tones will be at
specified intervals.

Tempered Scale. The arrangement of musical pitches according
to a scale.

Timbre. The character of a musical tone. The difference between
two steady tones having the same pitch and degree of volume
is called the difference in timbre. Timbre depends mostly on
the relative intensity of the different harmonics and the fre-
quencies of the most prominent harmonics.

Tone. The fundamental sound of any musical note.

Tone Colors. The quality of an instrument or voice. In organ work
the four principal tonal groups are: Diapason, Flute, String,
and Reed.

Tone Generator. That portion of an organ which generates the
electrical impulses which later are modified and amplified and
then converted into sound by the speaker.

Transistor. A small semiconductor device which can be used as an
oscillator or amplifier, instead of a tube.

Tremolo. The effect when the intensity of a tone is varied at a rate
of approximately seven times per second.

il

Vibrato. The effect when the frequency of a musical tone is varied
at a rate of approximately six or seven times per second.

Voices. The resultant tone output obtained through the mixing of
various harmonics to imitate a musical instrument or other
effect.

Voltage Regulator. A device or circuit which maintains the out-
put voltage at a predetermined value.

Volume. The intensity or loudness of the sound produced. Also
called expression in organ work.

w

Watts. The unit of measurement for the power consumed by the
organ, or of the maximum undistorted output power of the
amplifier.
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