Hesign of Electronic Organs

WINSTON WELLS*

PART 1

In this series of articles, the author presents a thorough

discussion of the design and operation of electronic organs.

“Jesus Marw! | play it so
good ai’’ it comes ont {ika this!”

HUS sroke FErpixaNpo Gepmani

the celebrated lialian concert organ-

ist, upon playing an electronic organ
for the first time. This was about a dec-
ade ago and, at the rime, Germani had
just signed a contract 1o play a series of
demonstration recitals for the manuiac-
turer of the instrument.

The maestro was not alone in his dis-
may, for the performance of the linle
instrument was a decided letdown 1o
those wlo were accustomed to rthe pipe
organ at its best. True, it surpas-ed 1he
finest of pipe organs in dynamic range
and rapidity of action. It was compact
and readily portable, and its cost was
but a small fraction of ils nearest non-
electronic competitor. But 1t was lack-
ing in tonal resources, some of the con
trols were awkward to manipulate
quickly and there were other points of
design which violated the most siucred
traditions of organists and organ build-
ers.

Now it is not to he supposed that.
even in this day of wonders, a device so
complex as an electronic organ should
spring, fully grown and periect, from
the head of its creator, in the fashion of
Minerva. Rather, any art must go
through a long period of evolution,
building a background of trial and error,
before approaching the goal set by its
ploneers. But an mtelligent considera-
tion of the fundamentals upon which
the art is based, and an awareness of
the objective, can do much to bring the
goal closer.

It is the purpose of this article 1o
acquaint the reader with the require-
ments of good organ design, to discuss
tiie mechanical and electrical structure
ot modern commercial instruments, and
lo point out the trend of design in
futurc types.

Design Fundamentals

When we. as engineers. are asked to
design a given device, three guestions
come into our muinds:

(1) What is it supposed to do?

~(2) How many are to be made at a
time?
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(3) .\t what price does it have to sell
in order to yield a profit which justifies
the undertaking?

Upon the answers to these questions
is based the work of the entire project
which follows, from the first crude
sketches and rule-of-thumb computa-
tions ro the finished product. The physi-
cal structure of the device is then
evolved with the ohjective of satisiving
the requirements of performance, pro-
duction and cosr

Perfection is not ordinarily sought in
industrial practice bur instead, every ef-
fort is made to establish a practical
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Fig. 1. Cost increases os performonce is
improved, while market decreoses.

compromise between ideal performance
and low production cost. It is the judg-
ment exercised in balancing these two
factors which largely determines the
ultimate wility of the product.

It is apparent that the potential sales
of a product will increase as the price
1s lowered. or as the performance is
improved. An increase in rate of sales
will permit the use of more efficient
production methods which, in turn, will
lower the cost of manufacture and,
consequently, the cost fto rthe con-
sumer. However, it is difficult to make
substantial improvements in a product
without raising the cost of production.

By means of data obtained through
engineering estimares and market sur-
veys, it is possible to plot reasonably
accurate graphs for any product, show-
ing 1he relation between market, per-
formance and cost. The point at which
the performance and market curves
miersect determines the optimum con-
sumer price and, also, the standard of
merit to which the product must he de-
signed. [ig. 1 shows the manner in
which these graphs are applied to a
hypothetical product.

Before attempting an analysis and
criticism of the current instruments,
and before discussing means for im

proving them, it is necessary that we
consider the position the electronic
organ occupies in the held of music.
While it is inherently capable of some
things which are impossible to the pipe
organ, its prime function is that of
succeeding the pipe organ i the mu-
sical world.

The modern pipe organ is the end
product of several ceniuries' develop-
ment work. and it represents the com-
bined efforts of many men who were
ontstanding in the fields of music, acous-
rics and mechanics. The instrument is
one ol rhe most functional devices ever
1o be huilt by man, its design being
shaped by the combination of musical
requirements, human anatomy and the
mechanical limitations under which the
organ huilders worked.

The introduction of electronics to
the production of musical tones has
conquered many of the limitations im-
posed by the use of pipes and reeds, but
it has changed neither the mind nor
the anatomy of the human being. nor,
i consequence, the organist amnd his
audience. Therefore, we may well ex-
anine the pipe organ. and ascertain
the reason for its design, hefore plan-
ning an mstrunent which we arbitrarily
call “an electronic organ’’.

In its modern form, the pipe organ
is essentially a sustained tone, multi-
keyboard instrument. capahle of render-
ing polvphonic music, and capable of
covering the entire Ilrequency range
useful in music.

Acoustical Oscillators

The musical tones are produced by
organ pipes, which might be described
as “acoustical oscillators”, the simplest
of them resembling the tin and wooden
whistles sold in toy shops. The pipes
are driven by a regulated air supply,
the pressure of which is usually be-
tween five and twenty inches, measured
on a water manometer. In some cases
the pressure may be as ligh as thirty
inches, and a few pipes have heen built
1o operate at one hundred inches.

A separate pipe is used for each note,
and for eaca separare tone color. -\ set
of pipes, all of the same tone color but
gricled chromatically in pitch, is re-
terred to as a “rank” of pipes, or as a

stap”’,
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Zach rank of pipes is mounted on
wind chest, which is supplied with air
from the regularor The receptacle
which holds the base of each pipe con-
tains an electro-pnenmanc pufi valve
which, through a series of switches and
relays, may be connected to the proper
key on one of the organ's manuals or
the pedalboard (hand or foot keyhoards,
respectively)

The common return circuit for the
notes of one stop is brought through a
switch. located on the console in a posi-
tion convenient to the orgamst. The
handle of thig switch is called a “stop
tah”, “drawer knob” or “rocker tab”
according to the particular form which
it takes. Thus, when a stop is “on”
the pipes in the rank will speak (play)
when their corresponding kevs or pedals
are depressed. Conversely, when a stop
is “off”, the pipes ol that rank are
silent, even though the kevs may be de-
pressed.

Very s
three or four
may have several hundred.

may have only
ranks of pipes: the largest
The pipes,

along with the more bulky apparatus
m the instrument, are housed in an
organ loit”, which is located with a

view toward obtaining good sound dis-
tribution over the area 1o be covered.
The console may be remotely located,
provided 1he organist can hear the
sound from the loft above the reverbera-
tion and room noise. At very great dis
tances, of course, the time delay effect
hecomes objectionable the organist
may have played several successive
notes before he hears the first one!
The Console

e console is the control center of
the instrument, and is designed to per-
mit playing and changing ol tonal ei-
fects with a minimum ol bodily move-
ment on the part of the organist. Since
the pas
ieet, the legs, as well as the arms of
the organist, are in constant mot
leaving the buttocks as the only means
of badily support. This fact is of con
siderable importance when deciding 1upon
the location ol controls, for they must
be so placed that the bhody will not be
thrown off balance while manipulating
them.
[he pedal hoard, upon which the b

hass ages are plaved with the

on,

is played, is so located that its keys are
accessible to the organist’'s feet, as he
swings his lower leg irom side to side,
the keys being arranged in a radial pat
tern to confo to the arc traced b
the foot. There are thirty-two pedals
covering the range of two octaves and
a bith, chromatically, the lower (lef
hand) end starting with C, and the
upper (right hand) end terminating
with G. The pedal contacts are usually
designed to “make” when the pedal has
been depressed about one inch. The
pedals which correspond to the “blg

kevs” on a piano, are rvaised a couple
ol inches above the others

‘he manuals (hand kevhoards) are
located in front of the organist, and are
one above the other, in
staircase’” fashion. The lower one is
approximately at elbow height and each
successive one is raised hy another 212
mches. The upper ones slope toward
organist. 10 compensate for the
“hange in attitude of the wrist
plaving them.

There are sixiy-one kevs
manval, covering a range ol nve oc-
taves chromatically, starting and end-
mg on C. The exposed portion of a
“white key" is 44 inches long. They
are idenrical 1o piano kevs, except that
the ends facing the organist are nnde:
cut. The upper aml lower manunals over-
lap slightly, and this undercut permits
the playing of one hand directly helow
the other, on separate manuals and with
ninimum interference of motion. The
electrical contacts “make"” when a kev
is depressed about one-hali inch. The
key action is designed to respond to a
hnger pressure o1 from 1% to 4 ounces.

Above the manuals, and 1o the sides,
the stop tabs and other controls are ar-
ranged in rows, and are gronped ac
cording to their functions. In some
consoles, they are mounted upon a semi-
circitlar or elliptical panel, so that thev

arranged,

the
when

on each
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may all be reached by one cominuous
sweep of the organist’s arm. (This has
proven to be an excellent design, and 1t
might well be used by bhuilders of elec-
tronic instruments.)

Modern organ playing necessitates
the very rapid changing of regisiration
(“Registration” is the term applied (o
the particular tonal effect which is mo-
memarily set up upon the manuals and
pedals.) Since a change in registration
involve the
movement of fifty or more stop 1abs, it
becomes necessary (o periorm this Tunc-
tion mechanically

The larger pipe organs are equipped
with rows of push buttons, called “com-
bination pistons”, these being mounted
upon narrow panels, under their respec-
tive mamuils. \WWhen a piston is depressed

usually by means of the knuckles)
an electro-pneumatic mechanism 1s sel
in motion, which moves the stop 1ahs
according to a pre-arranged registra-
tion. These registriations are set up
upon a “'recorder board” in the rear of
the console. There are usually provi
sions for setting about thirly registra-
tions at one time, although extremes
may vary irom ten to several hundred

Upon having depressed and release
a piston, the organist may quickly mod
ifv the registration thus obtained. by
changing a few stops by hand.

may easily simultaneous




The organ is not a “touch responsive™
instrument. That is to say that, for a
given registration, a note will sound
exactly the same. regardless of the
manner in which the kev is struck,
Therefore, expression must be obtained
by other means. It is standard practice
in modern pipe organ design to cover
the opening to the organ loft with a
set of movahle soundproof shutters.
These, when closed. attenuate the escap-
ing sound about 30 b in the better
instruments.

Expression Control

The “swell shutters”, as they are
called, are coupled through an electro-
pneumatic  servo-mechanism  to  the
“swell pedal” (sometimes called “swell
shoe™ or “expression pedal”). This
pedal responds to a forward or back-
ward rocking motion of the foot, the
shutters being open when the foot is in
the toe forward position. The swell
pedal is located so as to he operable by
the right foot, since the greater number
of the bass notes are played by the left
foot.

The pipes of the larger instruments
are often divided into several groups.
cach group heing housed in a separate
organ loft. In such cases, it is custom-
ary to connect the shutters of the sep-
arate lofts to individual swell pedals,
thus permitting the “fading” of one
musical passage with relation to an-
other. By means of a switch, they may
also be ganged together electrically.

The utility of the swell mechanism
in pipe organs has been somewhat
limited, both by the mechanical inertia
of the enormous shutters required, and
by the difficulty of maintaining a good
ratio of sound attenuation hetween the
open and closed positions. IFrom this
standpoint, the electronic organ is in-
finitely superior, since an ordinary bass
compensated volume control, connected
to a swell pedal, gives all that one could
ever wish for in a swell action.

Originally, the swell pedal was limit-
ed to the effecting of gentle, gradual
chinges in loudness of musical passages
but, in modern instruments, it is used
to obtain marked diminuendos and cre-
scendos, as well as for accenting indi-
vidual notes in a passage.

The “crescendo pedal™ is located to
the right of the swell pedal, and is
identical in construction. It actuates
a progressive multi-contact switch, the
contacts of which are connected into
the stop actions. As the pedal is “open-
ed”, an increasing number of stops are
made active until, at the full open posi-
tion, the organist is using “full organ”™
(all of the instrument's stops in use).
This device is extremely useful in build-
ing musical climax, especially on large
organs, where there is a fairly even
graduation of lowdness between success-
ive stops.
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Stops

Upon examining a pipe-organ con-
sole. it will he noted that the stop tabs
are labeled with the name of the in-
strument or effect which the stop is
supposed  to represent. This name is
followed Dy a numerical notation, the
most common ones being: 167 &, 4,
22/3 and 2. These notations refer to
the musical “register” pitch of the stop.
and are derived in the following man-
ner:

The lowest note on an organ manual
is the sccond octave below middle C
(6541 cps). An open pipe, approx-
imately cight feet long, will produce
this note when blown, Hence, any stop
whose second octave below middle €
coincides with the lowest key on the
manual. is termed an eight foot stop.

A stop whose lowest note is three oc-
taves below middle C will need a pipe
sixteen feet long, to produce this low-
est note. Thus, if this lowest note
coincides with the low C on the manual,
we are said to have a sixteen foot stop.
It will be noted, in this case, that if the
the middle C key is depressed, we ac-
tually play the octave below middle C.
We can best remember this system of
notation by keeping the following in -
mind. When we set up a registration ofi-
8 stops, the notes which we play on the
keyvs are sounded. \When we use 197
stops, the organ sounds at an octave
below the notes which we are playing
upon the keys. With 4" stops, the organ
sounds at an octave higher than the
notes heing played. A 2° stop will sound
two octaves high, a 32° stop, two oc-
taves low, and a 22/3" stop will sound
the twelith interval (an octave and a
fifth) above its nominal position on
keyboard.

The same systemn is used in the nota-
tions on pedal stops. Ilowever, the low-
est note on the pedal board is, nominal-
Iy, three octaves below middle C, so
it is the sixteen, rather than the eight-
foot stop, which sounds the note cor-
responding to the pedal being depressed.

Stops of one register may bhe played
alone, or in combination with those of
another. The foundation of organ music
depends upon the eight-foot stops on
the manuals, with the sixteen-foot stops
on the pedals. Those of the lower regis-
ters add “Dody" to a passage, while
those of the upper register lend “bril-
lianee.”

Couplers

In addition to the stops of various
registers, most organs are equipped
with “couplers”, to which the same
form of notation is applied. The con-

trol tabs are identical to those used for
the stops. When a 167 coupler is added
to a manual, the organ will duplicate.
at an octave lower. everything set up
in the registration of that manual. Like-
wise, a 4 coupler will duplicate the
registration at an octave higher. An-
other control. which is labled “‘unison
off”, will silence the original registra-
tion. but will allow it to “speak” in the
register of any couplers which may be
on.

There are also four, eiglt and six-
teen foot inter-manual and manual-to-
pedal couplers which, as their names
imply. can duplicate the registration
of one manual upon another, or upon
the pedals. Couplers, when properly
used. are of tremendous value in ex-
tending the usefulness of a stop, anl
in making the organ a more flexible
instrument.

Another important part of the pipe
organ is the “vibrato”, sometimes called
a “tremolo” or “tremulant”. The same
terms are also applied to the effect
produced by this device.

Vibrato

Vibrato may be defined as a rapid
cyclic variation in the pitch of a note,
the rate of variation ranging from
about 4.3 cps to 12 eps in extreme cases,
andd the pitch variation ranging from
plus to minus 0.5% to 5% of the nom-
inal frequency of the note. \We may
also define vibrato as the frequency
modulation of a niusical tone.

As applied to music in general, the
frequency and amplitude of vibrato
vary among individual performers, and
are different for different types of in-
struments. In the human voice, the rate
averages about 6.5 complete beats per
second, with a pitch variation of plus
to minus 1.3% of the nominal frequency.
The violin vibrato averages a little over
7 cps with a pitch variation of about
plus to minus 2% of nominal frequency.

While the dominant characteristic of
the vibrato is one of frequency modula-
tion, amplitude modulation also vecurs
in most cases, as well as a whole series
of complex phenomena arising from
“side band” effects. Since there is al-
ways some reverberation in a room, we
hear all of the successive pitch varia-
tions of the tone and its partials (har-
monics included) simultaneously. Theae
beat with each other and their resultants.
in turn, beat with them, and so on, ad
infinitum.

Vibrato is of profound significance in
all sustained tone music, since its in-
troduction into a tone has a direct ef-
fect upon the emotions of the listener,
regardless of the character of the music
being played. The subject should he
thoroughly studied by anyone concerned
with sustained tone instruments, wheth-
er as a performer, composer or de-
signer.
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percuissve

vibrato 1s _L-ln]‘lhk cmp. 't'{i in

tones, since it softens the
rives an effect which is

\ 1

and

attack

generall 1 g to th
ception is the case of the vibra-harp.
This the
phone. hoth in structure and in manner
of playing, It has a tuned
cvlindrical resonators hung below the
resonant bars to bring out the funda-
mental tone. The necks of these reson-
ators are fitted motor driven
tating dampers which impart a kind of
“amplitude vibrato” to the tone of the
instrument, the effect heing quite pleas-
ing.

I'he statements made regarding the
vibrato in vocal and instrumental music
are generally applicable to the organ.
Large pipe organs have several vibra-
tos, these being effective on individual
stops or groups of stops. It is highly
desirable to be able to apply vibrato
selectively to various stops, without af
iecting the rest of the instrument. The
smitller organs usually have but one
vibrato, this being effective upon the
entire instrument,

\'ibrato is effected in the pipe organ
by meansz of a device which pressure-
modulates the air in the wind chest at
the desired rate, causing the tones of
the pipes to rise and fall in pitch. The
“on and off” control is brought out to
a conventional stop tab at the console.

instrument  resembles xyvlo-

series of

with ro-

Varieties of Tone

The reader may have wondered, by
this time, why the pipe organ has so
many stops, especially since it has been
pointed out that a single one may be
built to the entire compass of
pitch necessary to the instrument.

cover

The primary reason is that any one

tone color. no matter how beautiful it

may be, will become monotonous when
heard for more than a few minutes at
the most. This goes back to a funda

mental law of hiology and psychology,
which states that an organism loses its
power to respomd o a given stimulus
when that stimulus is applied over too
long a period.
by a chorus of angels would become as

\ one-hour performance

irritating as a convention of Swiss bell
ringers, providing they did nothing to
vary the act.

he second rea is tl

types of music, wnd musical passages,

require widely different tonal treatment,

One would scarcely ex t to hear
piece of sacred music played with the
“with  wah™ trumpet cifect

featured in jazz bands, nor would he

which s

relish hearing his favorite popular tune
rendered with the somber dignity of
an anthem. Music, being an abstract ex-
pression of human experience, must be
capable of registering that experience
in a form appropriate to our under-
standing.

The third reason is one of tonal bal-
often
given stop available in several degrees

ance. It is desirable to have a
of louwdness. Since there is no practical
method for making the volume of sound
from a pipe instantaneously variable,
the only solution lies in providing sev-
eral similar stops, graded as to intensi-
ty.

The fourth reason has to do with
the “ensemble effect” or “grande ce
leste”, as it is sometlimes called. The

pipes of an organ, like the instruments
of an orchestri, are never pericctly in
tune, although the deviations in tuning
may be too slight to be directly appar-
ent to the e when many
notes, each differing slightly in pitch,
are played in unison, a particularly
pleasing effect is produced.

This pleasing quality of the grande
celeste seems, in part, due to the com-
plex the
various notes and their partials. There
fact that disiikes a
tone whose |Iit\'|l is too \li{lrizl_\' defined, -
as much as the eye dislikes a line whose
edges are too sharply drawn.

\While the grande celeste is undesir-
able in certain musical
sages, it is absolutely necessary to the

IHoweyer,

beats which arise between

is also the the car

types ot pis-

George Wright and Miss Goumer of the Hammond
Organ Co.

with Solovox attachment for organ

{C Phot

building of musical climaxes, and it can

only be obtained through the usce ot

it inks of pipes, played in unison.
Fans ' ¢ adt |
have their stops divided into carcfully
chosen groups, each group being as
ried s v o a 1 il (or the

pedals). The stops assigned to one man
ual are not available on another,
through the use of couplers. When a
single rank ol pipes is so connected that

except

it is available as an individual stop on
more manuals (or manual and
pedal), it is said to be “‘duoplexed”.
When a single rank of pipes is provid-
ed with

two or

individual octave couplers, so
that it may be used independently as
167, 8 and 4 stop on one mamual, it is
said to he "unified™, It is, of course, pos-
sible that a stop be duplexed and unified
at the same time.

Unification and duplexing can extend
the resources of an organ enormously.
especially a small organ. There are two
Seriuiis «Iisani\aniagus. hu\\'c\’ci‘, io ithen
unrestrained use.  The first of these
comes in attempting to play the same
note on two different manuals simultan
eously, Obviously, if the same pipe is
heing used for both, the note will sound

[Continued on puge 43)




Electronic Organs

[from puge 19]

no different with two kevs depressed
than with one. The same criticism ap-
plies when attempting to play in oc-
taves on one manual, using, say, eight
andd four-foot  stops  taken from the
same rank of pipes.

The second disacdvantage lies in the
fact that a rank of pipes must be very
carcfully balanced in loudness over its
entire range. This process is known as
“voicing”. A\ stop, at its hest. is voiced
differently for different uses and, partic-
ularly, for different registers. There-
fore, when a stop is to be used for
many purposcs, its voicing must be a
compromise of all of then.

We may conclude this portion of the
article by stating that the pipe organ
has attained a fairly high degree of

perfection as a musical instrument. Its
chief musical limitation is in the
mechanical inertia of its action, which
is an impediment to nuance, and to the
execution of rapid musical passages.

Chief among its other disadvantages
are its great expense, bulk and weight,
the frequency with which it must be
tuned and repaired (and the difficulties
in doing both), and the amount of
power which it consumes (350 kw is
not uncommon for large organs).

[To be continued)



