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For many churches, discussions about installing, replacing, or rebuilding an
organ can be bewilderingly complex. Often, terms are used that are not

readily understood, sometimes even by organists. Some builders present
their proposals on a “trust me” basis, explaining the minimum that is neces-
sary, to avoid causing additional confusion. Electronic dealers avoid the
situation entirely by simply offering a range of manufactured models, some-
times with a few options.

The purpose of this booklet is to help your committee wade through the jar-
gon, and to achieve an understanding of the pipe organ that will help to
guide you to an intelligent decision based on understanding. The subjects
are arranged by system, and terms are placed in Italics for easy reference.

Our intention is not to make organbuilders out of organists and music com-
mittees. Rather, we hope to help you understand the terms you will be hear-
ing, and the choices you will be asked to make. You may wish to read this
booklet from cover to cover, or merely to use it as a reference when a sub-
ject or term comes up that you don’t completely understand.

As organbuilders, we want to work with you, and, naturally, we hope you will
choose us for your upcoming project. We want to earn your respect. We
also feel that it is important for you to understand what we are proposing
and why.

We hope this booklet will provide a tool for your deliberations, and also that it
will ultimately give you a new appreciation of the “king of instruments.” The
task you have been asked to undertake is enormous, and you deserve the
respect and thanks of your congregation for the time and effort you will give
to this important decision.

To learn more, please visit our website, www.reynoldsorgans.com.

Thad Reynolds,
Reynolds Associates, Inc.
Pipe Organ Builders & Conservators
reyassoc@reynoldsorgans.com
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Pipe Organs: A Crash Course

Pipes. The defining characteristic of a pipe organ is that it produces its sound
acoustically, by means of pressurized air blowing through pipes. A pipe func-
tions much like a penny whistle. Compressed air enters the pipe through the
foot and oscillates at the mouth, producing a musical tone.

The length of a pipe determines its pitch. A longer pipe produces a lower
pitch; a shorter pipe produces a higher pitch. Church organs usually have
pipes measuring in length from 16 feet long to about one inch. A pipe sound-
ing the same pitch as middle c on the piano is approximately two feet long.
To produce all the pitches on the keyboard requires a separate pipe for every
pitch. Taken together, a complete set of pipes to produce all the pitches of a
particular tonality on the keyboard is called a rank.

A stop is the control on the console by which the organist brings a rank into
play. The terminology often causes confusion, since a stop may control more
than one rank, or a rank may be controlled by more than one stop.

Ranks are grouped in divisions. Each division usually has a home manual. The
Pedal is also its own division. The size of a pipe organ is usually described in
terms of the number of separate ranks of pipes or stops it contains. A medium-
sized organ might be described as a 2 manual/25 rank organ, meaning that
the organ has 25 sets of pipes in a format of two manuals and pedal. Each di-
vision has its own tonal structure. Taken together, the divisions provide the tonal
structure of the instrument.

The dimension, shape, and materials used in its construction gives a particular
rank of pipes its characteristic sound. Pipes may be made of wood or metal.
The metals used in pipemaking are usually compounds of lead and tin, al-
though copper is sometimes used. Very large pipes are often made of zinc be-
cause of that metal’s strength and relatively light weight.

Since the majority of the pipes in an organ are made of lead and tin, pipework
is often described in terms of its tin content. Tin gives the pipes a brighter, dryer,
more articulate sound, whereas higher lead content leads to a heavier and
warmer sound. In the past, builders sometimes described pipes with a higher
tin content as “rich.”

Pipe metal of about 50 – 60% tin content is called spotted metal. Because lead
and tin do not chemically alloy themselves to each other, a nearly equal mix-
ture of the two causes a spotting effect in the finished metal. This effect cre-
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ates a lattice structure in the metal that gives the finished pipe both the depth
and warmth of the lead, and the ringing sound characteristic of tin. Spotted
metal is frequently used in all types of metal pipes in the organ.

For a heavier sound, for example in a flute such as a Gedeckt, higher lead con-
tent may be used. On the other hand, tin contents as high as 70 – 80% are of-
ten found in Principals and Strings, where clarity and articulation are important.
These are generalizations, however. Builders of the past often used almost pure
lead for principals (diapasons), and some noted builders build lead principals
today.

Wood is often used in flutes in the organ. It gives a very rich fundamental
sound, and wooden stops can often be voiced powerfully. Pedal stops, in par-
ticular, are often made of wood, producing the powerful bass tone necessary
to underpin the instrument. Wooden stops can also be built to develop a
bright, delicate string sound, and such pipes are frequently a feature of older
instruments.

There is no one “right” material to use in organ pipes. Different materials are
appropriate in different parts of the organ, to produce various tonal effects.
The quality of the construction of the pipes is absolutely critical to the success
and longevity of an organ. If the metal is too thin, particularly in principal and
flute stops, vibrations in the walls of the pipes will acoustically cancel some of
their sound, leaving the sound of the organ thin and weak. Cheap pipes must
often be undervoiced because they will not support full, rich speech. In some
rare cases, the toes or feet of larger pipes may even collapse.

A musical tone consists of more than one pitch. The sound we identify as the
pitch of the tone is called the fundamental tone. Along with the fundamental
pitch, the tone also contains harmonics, naturally-occurring overtones. The
presence or absence, and relative strength of the harmonics give the tone its
characteristic sound, or timbre. If you have ever played an old Hammond or-
gan with drawbars, you have experienced creating timbres by adding or em-
phasizing certain harmonics.

Pipes are voiced for a specific application within a specific instrument. The
voicing process includes several adjustments to the pipes that control not only
their timbre and loudness, but also the characteristics of their attack and de-
cay.

When a pipe speaks, there is often an initial attack sound called chiff. Chiff is a
slight percussive sound made at the mouth of the pipe resulting from the im-
pact of the compressed air against the upper lip of the pipe. It is a desirable
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characteristic if it is artistically applied, because it gives the speech of the pipe
a definite impact- what the organist E. Power Biggs called the “consonant be-
fore the vowel of sound.” The voicer will vary the amount of chiff in the pipes,
depending on the stop and its place in the ensemble.

Too much chiff can confuse the sound, and can be annoying. Balancing the
amount of articulation in present in each stop of the organ is an important re-
sponsibility of the craftsman that voices each pipe.

In a pipe organ, each pipe has a characteristic timbre. The timbre of each
rank, controlled by dimension, shape, and material, is more or less constant
across the entire compass of the rank, although the voicer may, for specific
reasons, alter the timbre within a rank.

The dimensions of the pipes in a rank—that is, the relationship between the
length of a pipe an its diameter, is called its scale. Pipes of larger scale (in
other words, fatter pipes) usually have a warmer (fatter) sound. Therefore, flute
stops are usually larger in scale than principals, and strings have narrower
scales.

The scales of pipe across the entire compass of a stop follows a halving ratio,
which is described as the number of half-steps between a given pipe and an-
other pipe that is exactly 1/2 its diameter. Halving ratios may be constant or
variable. Variable scaling allows the builder to more finely adjust the volume
and tones of the pipes within a single rank.

The art of voicing is much more than simply the adjustment of the tone or vol-
ume of the pipes. It is the process that brings the sound of the organ together
and gives it cohesion. In a properly voiced pipe organ, each stop should have
a singing quality. One simple test is to play a four-part hymn on each separate
stop. The melody and harmony should be clearly heard on every stop (except,
of course, the mixtures).

Tonal Architecture. A well-designed pipe organ is not merely a collection of
voices and sounds. It is based on a tonal architecture, in which the ensemble
sound of the instrument is constructed on a model that is derived from the
naturally-occurring harmonic series.

The sound of a pipe organ is actually greater than the sum of its individual
voices. The reason for this is that each pipe, whether it is speaking or not, con-
tains a resonant body of air. When a pipe speaks, the sound causes sympa-
thetic vibration in other harmonically related pipes. The result is that the har-
monic structure of the sound is reinforced in a pipe organ.
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In a pipe organ, each individual pipe is also a point source of sound. The
speech of each organ pipe is entirely independent of the sounds of the other
pipes, so each pipe truly adds its own presence, instead of being funneled
through a loudspeaker.

For these reasons, a pipe organ playing with its full ensemble will have a richer,
more interesting sound than an electronic organ. While the sound of the elec-
tronic instrument may be very loud, its full sound is less than the sum of its parts
because of harmonic cancellation in the loudspeakers. In fact, electronic or-
gan manufacturers implicitly recognize this fact by offering authentic pipe divi-
sions as options on many of their instruments. Many listeners note that they can
listen to a pipe organ for a much longer period than an electronic organ with-
out a sense of fatigue.

The tonal designs favored today by organbuilders are based on concepts of
organbuilding that have developed over more than six hundred years. Within
these concepts, it is possible to achieve a wide variety of sounds to suit the wor-
ship needs and the acoustical environments of many congregations.

Much as buildings can reflect many diverse architectural styles, an individual
organ can be based on any of several contemporary or historical schools of
tonal design, or a fusion of these schools.

Organ stops are usually de-
scribed in terms of four ba-
sic families of tone. These
are the Principals, the
Flutes, the Strings, and the
Reeds.

Principal pipes are the
metal pipes that give the
characteristic organ tone.
In the English tradition,

these pipes are often called Diapasons. The Principals form the backbone of
the tonal architecture of the organ.

Flutes may be subdivided into Open Flutes and Stopped Flutes. Closing the top
of an organ pipe with a stopper or cap has two important effects on the
speech of the pipe. Most obviously, the pitch of a stopped pipe of any given
length is one octave lower than that of an open pipe of similar length. Also,
closing the top of the pipe effectively cancels out certain harmonics in the har-

Principals Flutes Strings Reeds
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monic series (the odd harmonics), effectively emphasizing the fundamental
pitch.

As a general rule, stopped pipes have a somewhat darker sound, with less har-
monic in their timbre. Often, they are voiced with more chiff. These stops are
often used to anchor the flute chorus at 8’ pitches in the manuals and at 16’ in
the Pedal. Because of their relatively pure fundamental sound, they combine
well with the upper registers and mutation stops. The reduced length of
stopped pipes also means they take up less space in the organ, which makes
them very useful. Examples of stopped flutes are the Gedeckt, Bourdon, and
Stopped Diapason.

Open flutes, with all their harmonics in place, can be some of the most effec-
tive sounds in any organ. Properly voiced, these stops can be either bright solo
flutes or very soft, colorful sonorities. Although organ builders in recent decades
have to some extent ignored the open flute, these sounds are making a come-
back, and should be included in any organ of even moderate size. Examples
of open flutes include the Hohlflote, Offenflote, and Melodia.

There are also several flutes that are special cases. These flute may be only
partly covered (Rohrflote, Chimney Flute, Flute d’Amour), tapered (Spitzflote,
Spire Flute), or even double-length, voiced to blow a harmonic (Harmonic
Flute, Piccolo).

Strings are narrower in scale than Principals. For this reason, they tend to be
quieter, and to be very rich in upper harmonics. Strings are highly prized for
meditative sounds and accompaniment effects. Again, some builders in the
past, eschewing the presence of color in individual stops, have ignored the
string sounds. Fortunately, this trend seems to be changing.

Strings, and sometimes flutes, will often have companion ranks that are nearly
identical, but intentionally tuned slightly off pitch. When tuned slightly sharp,
such a rank is called a celeste; tuned slightly flat, it is called an Unda Maris.
Properly scaled and tuned, these stops are among the most beautiful in the or-
gan. They have a very warm, slightly undulating sound. Celeste ranks often ex-
tend downward only to tenor C on the keyboard, because their effect is less
pronounced in the lowest notes.

In organs built in the early twentieth century, organbuilders experimented with
using strings as a harmonic component of the ensemble in response to the
heavily orchestral nature of the organ music that was then popular. For this
reason, strings from the period of about 1900 – 1940 are often very narrow in
scale, with and especially keen sound. These string pipes can be reused in
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modern instruments, although they are sometimes be rescaled and revoiced to
fit in with the notion of strings as simply very quiet, meditative sounds. As organ-
ists today rediscover some of the remarkable instruments and music of the Ro-
mantic organ, however, many of these strong and penetrating string sounds
are being included in new instruments and preserved unchanged from old
ones.

The reeds might be considered the “brass” of the organ. They have the strong-
est harmonic development of all. There is perhaps, a greater variety among
reed stops than any other family of tone in the organ. Reed stops are classi-
fied in two varieties, solo reeds and chorus reeds.

Solo reeds, as their name implies, are specifically designed to play a solo line
against an accompaniment. Examples of solo reeds are the Oboe or Clarinet.
Chorus reeds, although they may be used for solo lines, are designed to act in
the organ as the brass section does in the orchestra- adding power and fire to
the ensemble. Stops such are the Trumpet, Cornopean, and Tuba are chorus
reeds.

Another class of reed stops is informally called the antique reeds. Antique reed
pipes are based on designs in use in the Renaissance and Baroque periods.
They can add a rich and useful sonority to modern organs, although their indi-
vidual tones may sound a bit harsh to modern ears. Some examples of antique
reeds are the Krummhorn, Rohr Schalmei, and Cremona.

Occasionally, an organ will have a big trumpet, mounted horizontally (or en
Chamade), projecting out from the organ case. These big fanfare reeds have
a magnificent sound that can often be heard over the full organ. These stops,
like chimes, are often given as memorials.

The tonal architecture of the ensemble of the organ is based on the principal
pipes, collectively called the principal chorus, arranged in the different divisions
at pitch levels which reflect the harmonic series. The principal chorus forms the
architectural framework for the organ, and its sound and structure is the most
important single aspect governing the tonal success of the instrument.

The principal chorus of a mid-
sized, two-manual organ might
be based on the tonal format
shown in Table 1.

Each division is based on the
pitch position of the lowest Prin-

Table 1 – Typical Principal Chorus

Great Division Swell Division Pedal Division

8’ Principal 4’ Principal 16’ Principal

4’ Octave 2’ Octave or Flautino 8’ Octave

2’ Superoctave 1 1/3’ Larigot 4’ Choral Bass

III Mixture (1 1/3’, 1’,
2/3’)

III Mixture (optional)
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cipal. Note that the Principal
appears at 16’ in the Pedal, 8’
in the Great, and 4’ in the Swell.
This is a classical arrangement
that is often successful on
smaller organs. Today, designs
are trending toward more fun-
damental color and tone, with
all the tone families, including
the principals, appearing at 8’
pitch in all the manual divisions.

The flutes also appear at several pitches, and form a chorus of their own. This
chorus is vitally important to the tonal flexibility of the instrument. On this same
two-manual organ, the flute chorus might appear as in Table 2. In small two
manual organs, the 8’ flute in the Great division must be capable of three dis-
tinct functions. It must be useful under the 4’ Octave and mixtures, as the basis
of a 4’ tonal architecture. It must be useful as a solo flute, standing out against
the Swell stops. Finally, it must function as an accompaniment sound for the
Swell solo ranks and mutations.

To provide this flexibility, we prefer to include two 8’ flutes on our Great divisions
whenever we can. The stopped flute, voiced with plety of articulation, can
serve as both an accompaniment stop and as the basis for an ensemble regis-
tration. An 8’ open flute (Holhflote, for instance) is often included in our organs
to provide a bright, powerful flute sound, capable of playing a flute solo
against the Swell flute and strings, and also to be used in combination with the
principals to create a warmer, more foundational sound.

The Great division, the main ensemble division of the organ, is predominantly
based on Principal sounds, which the less-powerful Swell division has a more
complete flute chorus. The presence of the off-unison mutation stops in the
Swell division gives this division more tonal color than the Great. These mutation
stops, such as the 2 2/3’ Nazard, are based on naturally-occurring pitches in
the harmonic series. In fact, the Swell flute chorus above contains the compo-
nents of the Cornet V (flutes 8’, 4’, 2 2/3’, 2’, 1 3/5’), an important combination
in the organ literature of virtually all periods.

The strings and reeds in most smaller organs also appear at varying pitches, al-
though usually restricted to unison pitch and the octaves above and below
unison. Both families of tone are important in a complete organ, but are not
considered part of the ensemble framework that determines the organ’s tonal
architecture.

Table 2 – Typical Flute Chorus

Great Division Swell Division Pedal Division
8’ Rohrflote 16’ Lieblich Gedeckt 16’ Bourdon

8’ Hohlflote 8’ Holzgedeckt 16’ Lieblich Gedeckt

4’ Koppelflote 4’ Harmonic Flute 8’ Gedeckt

2 2/3’ Nazard 4’ Flute

2’ Flautino

1 3/5’ Tierce

1 1/3’ Larigot
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There are stops that do not fit neatly into any one of the four families, but,
rather could be placed in more than one. These very useful stops, such as the
Gemshorn, are part of more than one chorus, and help to smooth and blend
the overall sound of the instrument.

Taken together, these tonal elements allow the organbuilder to design an in-
strument that is uniquely adapted to the needs of an individual congregation.
It is also possible to redesign an existing organ tonally. This process of “teaching

old pipes to sing a new song,” allows organ pipes to be almost continuously re-
cycled, even over a period of centuries. Tonally, rebuilding an existing organ is
actually much more demanding for the organbuilder, since he must adapt ex-
isting sounds to new applications.

Windchests and Actions. The windchest is the mechanical portion of the organ
that controls the flow of pressurized air into the pipes. Usually, the pipes are
planted directly on top of the windchests, although, especially in the case of
large pipes or pipes in elaborate displays, the windchest may be remote from
the pipework.

The means by which the air in the windchest is controlled is called the action.

The Functional Parts of a Pipe Organ

Swell Windchest Great Windchest Choir Windchest Pedal Windchest

Pedal ReservoirChoir ReservoirGreat ReservoirSwell Reservoir

Static Reservoir

Blower

TremulantTremulant
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There are three distinct action designs that are commonly in use today.

The oldest action is the mechanical, or tracker action. This action, developed
long before the advent of electricity, relies on a direct mechanical link through
a series of levers and traces (the traces are called “trackers”) from the key-
board to the valves under the pipes.

Many organists enjoy playing mechanical action instruments because they feel
a sensitive, tactile link between their hands and the pipes. Some feel that they
can actually control the rate at which the pallets (the valves under the pipes)
open and close. While this is unlikely to actually be the case, many organists
feel more “attached” to the pipes when playing a tracker organ.

One reason for this is that, when the large pallet valve opens in the windchest,
air pressure against it is suddenly released, creating a feeling of “pluck,” much
like what a harpsichordist feels when the quill plucks the string. There is then a
feeling of momentum in the movement of the key that is particularly pleasing
when playing contrapuntal music. This feeling of pluck can be approximated
by using tracker-touch, or toggle-touch keyboards, although the feeling isn’t
exactly the same.

There are several disadvantages to mechanical action organs. Their actions
tend to be relatively the most expensive to build and maintain, and can need
frequent adjustment. Because of the direct mechanical link that is necessary
with the console, console placement options are very limited, and it is impossi-
ble to move the console without redesigning the organ. Mechanical action
also eliminates many of the options that electric actions make possible, particu-
larly in smaller organs.

The touch of mechanical action organs can also vary with the registration set-
tings, and particularly with the use of couplers. For these reasons, and also the
requirement to use low wind pressures, the design possibilities of mechanical
action organs are limited. Such an organ may be cumbersome and inappro-
priate for use in many churches. Nevertheless, a fine mechanical action organ
stands as a high achievement in the organbuilder’s art.

The most important tonal advantage of the tracker organ is actually the key
channel design, in which all the pipes of each note stand on a common wind
channel, causing the tone of the pipes to draw together. Key channel (or pal-
let and slider) chests can be built using tracker, electropneumatic, or electro-
mechanical action systems.

The greatest disadvantage to pallet and slider chests, apart from their innate
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inflexibility, is that they tend to respond more slowly than other electric or elec-
tropneumatic windchests. While this may not be a problem for much of the lit-
erature, the slower action repetitions may not be responsive enough for some
Romantic and transcription music.

The second action type in common use is the electropneumatic action. This
action, which is found in a very wide variety of forms, utilizes the compressed air
in the windchest to open the valves under the pipes. The compressed air is
controlled by small electromagnets which vent the air from the leather action
pneumatics when activated.

Electropneumatic organs offer quick response, and can operate under almost
any wind pressure, although they generally work with at least 3” water column
pressure or more.

Since electropneumatic valves can move a great distance, they can open
very widely, and flow a large quantity of air. This is particularly useful for bass
pipes, and many organs with electric or even tracker actions use electropneu-
matic chests for the large pedal pipes.

The disadvantages of these actions include their complexity, which can make
them difficult to service, and the fact that they contain membranes made of
leather (in the best work), or some other material. Over time, usually 50 – 70
years, these membranes deteriorate. Eventually, if the windchests are to con-
tinue functioning, they must be disassembled and releathered. Depending on
the design of the chest, the releathering process may or may not be difficult
and expensive.

In the early years of the twentieth century, before satisfactory action magnets
were designed, organbuilders used a pneumatic action that was not triggered
electrically. This action, known as tubular pneumatic action, was prone to a
variety of problems, and was generally not successful. Although a few tubular
pneumatic organs still exist, most have been electrified, and the action is never
used today in new construction.

The most common type of electropneumatic chest found in use today is that
“pitman” chest, so named because of a small valve in the action called a pit-
man valve. Another system, built exclusively by the Austin Organ Company is
the Austin Universal Air Chest, which is remarkable because it is possible for a
person to actually step inside the chest and watch the actions at work.

Earlier in the last century, several builders, including Estey, Kilgen, and Kimball
(before 1927), used a ventil action windchest. Although many of these chests
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worked well when they were new, they did not
age well, and this design is all but abandoned in
the industry today. Occasionally, older ventil
chests are restored, but this should be avoided
unless there are compelling reasons to restore an
organ to its exact original condition. There are no
compelling tonal reasons, however, to prefer a
ventil windchest to any other type.

The third common form of windchest action is the
electromechanical action. One of the earliest de-
velopers of this type of action was the Wicks Organ
Company. Their patented form of this action is
called “Direct Electric.”

The electromechanical action is the simplest of the
three to understand, build, and service. There are

no leather membranes. The valve is attached to a small electromagnet
mounted directly under the pipes. When this magnet energizes, the magnet
pulls the valve open, allowing the compressed air to enter the pipe.

The advantages to the electromechanical action are its great speed, its sim-
plicity (with attendant low repair costs), and its flexibility. The only leather in
an electromechanical action is the facing on the valve seat, which gener-
ally does not wear out.

The obvious simplicity and economy of the
electromechanical action have attracted
the interest of organbuilders since it was first
introduced in the late nineteenth century.
However, even after decades of develop-
ment and improvement, the electrome-
chanical action required modern materials
and manufacturing techniques to become
successful and widely used.

The very speed with which the early actions
operated interfered with the speech of
some kinds of pipes. Placed directly under
a pipe, the explosive attack of the wind into
the pipe caused initial transient sounds in
the pipe speech that were difficult for the Advanced Baffle-Channel Chest Design

Old Style Electromechanical
Windchest (Wicks Type)
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voicer to overcome. The valves on the early action magnets (and also
some which are still in use) were too massive, causing a rebound effect,
which, in turn, caused the pipe to make a small gulping sound when the
valve closed. Also, the early magnets used relatively large amounts of elec-
trical current which damaged the mechanical contacting systems of the
day.

Modern technology has overcome these difficulties, making the electrome-
chanical action, in its best form, the tonal equal, certainly, of the elec-
tropneumatic action in organs with low or moderate wind pressures. Today
magnets are made of lighter materials, resulting in less mass in motion,
thereby reducing the rebound effect of older actions. Solid-state switching
systems have eliminated the problems of current consumption and contact
damage.

One of the most important advances in electromechanical design is baffle-
channel design. These chests utilize computer technology to place a chan-
nel between the action magnet and the pipe foot. The channel eliminates
the explosive effect of the air entering the pipe. The channel also serves as a
baffle, calming the wind as it enters the pipe by forcing it to make two 90°
turns.

Taken together, these advances have finally made the electromechanical
windchest a viable alternative in the design of new and renovated pipe or-
gans. This action is now found in many organs of the highest quality.

Most builders who use electromechanical action use some variation of the
old style with the valve directly under the pipe. Sometimes, an “expansion
chamber” (actually just an expanded valve hole) is used. Baffle channels,
however, require advanced computer-controlled cutting systems and lami-
nation systems, which many shops do not have.

Winding. Compressed air to blow the pipes is initially provided by the blower,
which is usually some form of rotary fan. Blowers come in many sizes, and
may be located either in the blower case or chamber, or at a remote loca-
tion, such as the basement.

New organs today often utilize compact, quiet, high-speed blowers, located
in sound-proof enclosures within the organ case. The advantage to this is
that the blower is not moving air great distances, lessening noise, and that
the air being blown through the pipes is at the same temperature as the am-
bient air in the organ. Larger, “basement” blowers, such as the famous
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Spencer “Orgoblo”, have much greater capacity and more headroom—the
ability to provide huge quantities of wind quickly and efficiently. Both blower
types are useful and effective if properly sized and installed.

Wind from the blower is collected and stabilized in the reservoirs. The reser-
voirs reduce the pressure of the wind from the blower (called wild air or static
wind), and provide a reserve of air to keep the pressure steady, regardless of
the demand from the pipes. Reservoirs may reduce the pressure in stages. If
so, the reservoir closest in line to the blower is called the static reservoir. The
static reservoir may be located in the basement adjacent to a large blower,
in which case it also helps to reduce wind noise caused by turbulence.

A floating plate may be installed in the bottom of the windchest, called a
schwimmer. Schwimmers are actually built-in reservoirs. Their pressure oper-
ating range is limited, and they are usually used to stabilize the air in the
windchest. In very low-pressure organs, the schwimmer may actually handle
all the air regulation functions. A common problem with schwimmers is that
they may oscillate. This oscillation may be a design problem, or may occur
after many years because of leakage in the chest or in the schwimmer
valve.

Some organs also use concussion bellows, or “winkers,” to stabilize wind
shake. These small bellows devices provide an extra air cushion for the wind
in the windchest.

Regardless of the number of stages or type of reservoirs used, the goal is a
stable wind supply that does not oscillate or gulp under heavy demand. The
best winding systems are those that make themselves known least, by provid-
ing wind to the pipes quietly and efficiently .

One other device should be mentioned. Although the goal of winding de-
sign is stability, there are times when the organist wishes to shake the air on
purpose. To do this, a device called a Tremolo (Tremulant, Vibrato) is in-
stalled in the winding system. This device, which may take a number of
forms, creates a controlled oscillation in the sound of the pipes by varying
the pressure of the air blowing through them.

Control Systems. Two separate control systems exist in most pipe organs.

The first is the system that operates the windchests and, thereby, the pipes, in
electropneumatic and electromechanical instruments. Mechanical action
organs, by definition, operate by a mechanical connection between the
console and the pipes.
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Most new or renovated electromechanical or electropneumatic organs to-
day utilize solid-state technology to provide this control. These systems use

the same durable and time-proven technology used in telephone systems.

Several types of control systems have been designed and are in use in or-
gans today. The design used is selected by the builder, based on the design
of the organ and the needs of the church, such as whether or not the con-
sole should be moveable.

The first, and electronically simplest system, is the diode matrix system. In this
system, diodes, which might be thought of as one-way electronic gates,
switch the electrical impulses. Diode matrix systems are ideal for systems re-
quiring very simple control, in which console mobility is not important.

The second system is the multiplex system. The multiplex system encodes the
electrical impulses at the console and sends them to the organ chamber
through a standard telephone cable. In the organ chamber, the data is
then decoded and distributed to the various operating systems. Multiplex
systems use the same technology that allows multiple telephone calls to take
place at the same time over the same wire.

With a multiplex system, the organ console will usually have only one data
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cable extending to the organ chamber. This cable may be unplugged in-
side the console, if necessary, and will usually have sufficient extra length to
allow the console to be moved. Multiple plug outlets may also be installed in
the church, making it easy to simply unplug the console and relocate it to a
different position in the church.

The other control system found in most pipe organs is the combination ac-
tion. The combination action allows the organist to preselect combinations
of stops. These combinations, or registrations, are stored in the organ’s mem-
ory system, and may be recalled by pressing a piston. Pistons are small num-
bered buttons located in the wooden slips between the keyboards. The
combinations may also be controlled by toe studs, which are located above
the pedalboard, and operated with the feet.

Combination actions may have multiple memory levels, allowing the system
to have discrete settings for various occasions or organists.

The most modern and advanced system integrates both relay and combina-
tion action functions into one software-driven system. These systems include
a massive combination action that is programmable, along with pipe control
relays, MIDI interface, and a host of advanced capabilities. This system is
called an integrated control system.

While church committees rarely need to be concerned about the control
system design that will be used in their organ, they should be concerned
about the quality and serviceability of the system that is used. Reynolds As-
sociates uses Peterson control systems exclusively because of their extraordi-
nary dependability and serviceability, and because Peterson systems are
unlikely to become obsolete.

Today, most Reynolds organs include the Peterson ICS4000 Integrated Con-
trol System. This state-of-the-art equipment offers both durability and flexibil-

Three console styles – tilting tablet, rocker tab, and drawknob
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ity, with an outstanding range of features to make the organ more versatile
and flexible. For more about this system, including a virtual tour, visit
www.ics4000.com.

Console. The last major system of the pipe organ is the one with which most
members of the congregation will be familiar. In fact, many identify the con-
sole as the organ.

Early in the twentieth century, because of the huge proliferation of console
styles and dimensions, the American Guild of Organists appointed a commit-
tee to set certain standards for console design. A console built to these stan-
dards is said to comply with AGO specifications, or, in the short form, to be
an AGO console. While the American Guild of Organists’ standards allow for
many different console treatments, the sizes of the keys, many of the console
dimensions, and the locations of many of the important controls are stan-
dardized within established parameters so an organist may quickly become
familiar and comfortable with an organ.

While the console makes no difference to the sound of the organ, it is never-
theless extremely important. The console houses and protects the control
systems, and also contains the keys, stops, and other controls that allow the
organist to manage the instrument.

A console usually described in terms of the number of keyboards, or manu-
als¸ it contains, and the method of controlling the stops.

The most common methods of controlling stops are drawknob, in which the
stops are operated by pulling knobs to the right and left of the organist; tilting
tablet, in which small plastic tablets are depressed to turn the stops on; and
rocker tablet, in which tablets balanced on a center point are tilted to con-
trol the stops.

All three systems have advantages and disadvantages, although most or-
ganists and builders probably prefer the drawknob console. Drawknob con-
soles are certainly to be preferred when the organ has a large number of
stops and controls.

Manual keyboards come in many styles, and made of many materials. The
best keyboards are made of wood. The keys may be covered with plastic,
or may have coverings of bone or rare hardwoods. Ivory is seldom used
(and is extremely expensive) today because its harvesting is an animal rights
and an environmental issue.

Plastic keyboards also exist, although in a wide range of qualities. Those built
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exclusively for pipe organ use are generally well-engineered and of high qual-
ity. They should not be confused with the plastic keyboards that are supplied in
electronic organs (even very expensive models), which are generally engi-
neered to last only for the life of the electronics package, about 20 years. In
fact, in some situations, engineered plastic keyboards may be the best choice
for a new or rebuilt console.

The case of the console itself should be constructed of quality hardwoods.

Console renovation is often an option even for a new organ. Older consoles
are usually extremely well made, and their renovation can reduce the cost of
the project by several thousand dollars. In the renovation process, the outer
cabinet is retained, as well as the pedalboard and sometimes the manual key-
boards. Refinishing or finish repairs are made, and entirely new control systems
are installed. The result is a product that will work for the life of the organ. Our
publication, Rebuilding an Organ Console, shows an actual pipe organ con-
sole in the process of renovation.

The advantage to purchasing a new console case is that, in some cases, it may
more closely match the architecture of the church, and that it may be de-
signed to house the exact controls of a particular instrument.

Organists play better and practice more on an organ console that is conven-
ient and comfortable to operate. For this reason, and because the organ con-
sole represents the whole instrument to the congregation, it is worth the invest-
ment to do it right.

Other Devices. Some or all of the organ’s divisions may be enclosed in a box
called a swell box. The box is equipped with swell shutters, which are horizontal
or vertical louvers that open and close from the expression pedal on the con-
sole. This device allows crescendos and diminuendos in the sound of the pipes
enclosed in the box.

Most church organs have an enclosed Swell division, and some Great divisions
are also enclosed. In most cases, however, the Great division is not enclosed,
but allowed to speak naturally into the room. Enclosing a division tends to
dampen many of the harmonics, particularly of the Principal chorus. Three–
and four-manual organs will usually have a Choir (enclosed) division, or a Positiv
(unenclosed) division.

Most organs also contain one or more tremolos (see the section on winding,
above). A tremolo (or tremulant) is a device that oscillates the wind supply to
the pipes in a particular division, giving an undulation to the sound. Tremulants
should never be used with full ensemble combinations, and some organ de-
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signs actually lock them off when the full principal chorus is in use. Wiring a de-
vice to be shut off when it should not be used is sometimes called, “good-taste
wiring.” In our view, good-taste wiring is not a good idea because it does not
allow musicians the capability of breaking the rules!

With the advent of solid state control systems in pipe organs and other instru-
ments, it became possible to link electronic instruments by means of a standard
interface called MIDI (for Musical Instrument Digital Interface). The MIDI system
allows the organ to communicate with other MIDI instruments and devices,
such as synthesizers, electronic keyboards, and computers. It also allows organ
music to be recorded on a sequencer, a device records the electronic im-
pulses as the organ is being played, saves those impulses on a standards com-
puter disk, and then uses those impulses to play the organ. Sequencers allow
music to be prerecorded, and also is a valuable diagnostic tool, allowing the
organist to play the organ and then listen to the selection away from the con-
sole.

MIDI is an option, and not every church committee wants it installed on their
organ. Other congregations feel that the presence of a MIDI interface will al-
low more flexibility, and will also allow the organ to be used more effectively in
contemporary settings. Because the MIDI system is very complex, it is best in-
stalled as part of a new console system.

Fortunately, most newer control systems incorporate the MIDI language into
their designs, eliminating the need for committees to decide on this option.

Multiplex technology makes it possible for an organ to have a transposer, at lit-
tle additional cost. The transposer allows the organist to play music in the key in
which it is printed, but to move the actual pitches of the pipes up or down.
While some organists can transpose music at sight, many cannot. The trans-
poser is especially useful with soloists for weddings or other services, who may
not have music written in a key that is appropriate to their voices.

New vs. Rebuilt. Terminology is sometimes a stumbling block to understanding.
This is certainly the case when organists and organbuilders use the terms new,
rebuilt, renovated, and restored.

Organ pipes change very little, even over hundreds of years. A flute pipe
made in 1870, and unchanged since then, will sound virtually exactly the same
today as it did when it was first installed and voiced. For this reason, pipes gen-
erally hold their value, and usually pipes from an older organ can be success-
fully used in a new instrument.

Many organs that are considered to be new contain one or more elements of
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older instruments. For example, large wooden pedal stops, which are ex-
tremely expensive (and perhaps not as well made as in the past, when virgin
timber was available), are frequently retained.

Here, then, are some working definitions of these troublesome terms. Properly
done, each of these approaches can result in an organ that will serve for gen-
erations.

A new organ is an organ in which the mechanical portions of the organ—the
windchests, reservoirs, and control systems—are new. In a new organ, the ma-
jority of the pipes are either of new manufacture, or are older pipes that have
been completely reconditioned and revoiced. The tonal design of the instru-
ment is entirely new. Reconditioning and revoicing older tonal material re-
quires time and patience to do successfully. Usually, though, the process can
be done at a financial savings, and offers the advantages that come with con-
servation of a valuable resource.

A rebuilt organ is an existing instrument that has had its systems reconditioned
and updated. While there may be some new tonal elements added, the basic
tonal design of the organ is original. Rebuilding is done when an organ is of
good manufacture, and is tonally suitable with only a few alterations.

A restored organ is one in which both the mechanical and tonal concepts are
preserved, either because of their historical value, or because significant
changes would detract from rather than add to the musical worth of the or-
gan. Restoration is a tricky concept. To some, it means preserving the sound
and structure of the original organ; to others, it can mean using only materials
available when the original organ was built, and restoring it exactly to its origi-
nal state, even including mistakes in design. This last philosophy of restoration
applies when the importance of preserving the organ as an historical relic
trumps all other concerns.

Renovation, as the term implies, means a renewal of the organ. It is a general
term, which may apply to any of the terms above.

These definitions are not precise, and could be the subject of much fruitless dis-
cussion. Whether a new organ is built, or an existing instrument is renovated,
rebuilt, or restored, the goal should be to provide a product that serves the
worship needs of the congregation dependably for generations.

A properly renovated organ is, in every way, the equal of a completely new
instrument, and has the added advantage of preserving some or all of the
congregation’s investment in the original organ. A renovated organ is also a
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congregation’s link to its own past—and a bridge to its future.

Servicing a Pipe Organ.

In most situations, a pipe organ should be tuned and serviced twice each year.
This service visit should include tuning, any small mechanical repairs or adjust-
ments that may be needed, and servicing the blower if necessary.

Tuning. The pitch of a pipe organ rises and falls, more or less predictably, with
changes in temperature. At 2’ C (middle c on the piano), the pitch will rise
2/100ths of a semi-tone for each degree of temperature increase, and fall simi-
larly as the temperature falls. This, however, is an average. Treble pipes tend to
be more affected by temperature, and bass pipes less.

Most modern organs are tuned to A=440 at 70º F. To get an accurate tuning,
the temperature in the room needs to be as close as possible to this tempera-
ture for several hours before the tuning. Likewise, to have the organ in nearly
perfect tune for Sunday, the heat should be set to the Sunday level on Satur-
day night.

Many churches need to reduce their heat or air conditioning during time when
the sanctuary is unused to control costs. This does not harm the organ so long
as the temperature is returned to occupied level in time to let the wood and
metal in the pipes, as well as the air in the room, stabilize. (Three hours is NOT
enough). Temperature changes are actually much harder on your piano than
on your organ!

The semi-annual tuning should be a full tuning. In a full tuning, the tempera-
ments of the pipes are set. Temperament may be defined as setting the dis-
tance between the pitches of the notes on the scale. A full tuning requires that
the pitch of every pipe in the organ be checked and, if necessary, reset.

Actually, if an organ is properly maintained, a full tuning shouldn’t take much
longer than a touch-up.

A touch-up tuning usually involves listening to every stop, and looking for the
“shiners,” notes that are clearly and obviously out of tune, and adjusting these.
A touch-up tuning is useful if a few notes have slipped, or, for instance, if the
reeds are a bit out of tune before a big summer wedding. But a touch-up is not
a substitute for a full tuning of the organ.

If the temperaments are not set annually, they eventually shift slightly as individ-
ual notes of the stops change pitch. While they may not be enough to stick
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out, the overall effect on the organ is that the pitches become “washy”, less
clean and well-defined.

While some service organizations do not full -tune organs under terms of their
service contracts, we believe that this is the only way to properly maintain the
sound of an instrument. Usually, when we full-tune an organ that has not been
maintained this way (sometimes for many years), both organists and parishion-
ers often remark how much better the organ sounds.

The Electronic (or Digital) Organ.

No less an authority than Mozart referred to the pipe organ as the “king of in-
struments.” No other instrument or imitator can produce the sounds of real
pipes blown by live wind. It is, indeed, a compliment of sorts that, for over sixty
years, companies have attempted to reproduce the sound of great pipe or-
gans in a form that can be cheaply mass-produced. It has proven to be a
daunting task to faithfully reproduce the sound of hand-crafted pipework, cus-
tom designed and voiced for a particular instrument.

Electronic organ companies have attempted to design their products around
pipe sounds sampled from great pipe organs, without acknowledging that,
since a pipe organ is uniquely designed and voiced for its environment, a
sound that is magnificent in one room may sound ordinary or even out of place
in another.

Since about 1935, when the Hammond Organ Company attempted to chal-
lenge the sound of pipes with amplifiers and loudspeakers, each new genera-
tion of electronic organs (now called digital, because these instrument sample
and digitally reproduce the sounds of authentic pipe organs) has been her-
alded by their manufacturers as legitimate heirs to the great tradition of the
pipe organ. Imitation is perhaps the sincerest form of flattery.

Still, while electronic organs have improved (and are a sensible solution for very
small churches and homes), they remain an imitation – an image seen through
a glass darkly. The ability to imitate the sounds of real pipes has been an elu-
sive goal, requiring ever more complex electronic wizardry with each succeed-
ing generation.

Although they offer a product that is an imperfect imitation of an authentic
pipe organ, the electronic companies offer a dazzling array of lights, buttons,
and controls. They also have large advertising budgets to promote their prod-
ucts. While these organs can unquestionably be useful in some situations, they
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should never be considered the musical equals of authentic pipe organs.

There is also the issue of stewardship. When a church invests in renovating a
pipe organ, it preserves the congregation’s investment in that instrument. In
most cases, the replacement value of the pipes and other materials (console
cabinet, blower, etc.) that can be preserved from even a very old pipe organ
will equal or exceed all the money the church has invested in the old organ,
including both the original purchase price of that instrument and any rebuild-
ing that has been done and the cost of all the tunings and service calls that
have been made over the decades.

Sometimes it is difficult to convince some people that an organ needs to be
renovated. A common comment is, “It sounds just like it always has.” This is, in
fact, true. Since the basic sound of the pipes usually does not change much
with age, a organ that barely plays can still sound remarkably good.

By contrast, electronic organs often die long and painful deaths. Deterioration
of basic electronic components, including loudspeakers, can negatively affect
the sound of these organs. Depending on the pain threshold of a particular
congregation, this suffering can go on for years as music in the church contin-
ues to degrade.

Although the initial investment in electronic organs may be smaller, these instru-
ment begin to depreciate almost immediately. In the end, there is nothing to
rebuild, nothing to preserve. The fate of an old electronic organ is to be shov-
eled into a dumpster, along with all the money that has ever been invested in
it.

The final argument for the authentic organ is, in fact, that it is authentic. In a
world of artifice, in which the fakery is celebrated, a pipe organ is the “real arti-
cle.”

The Combination (or Hybrid) Organ.

As mentioned above, many of the manufacturers of digital organs make provi-
sion for real windblown pipes. These pipes usually replace the electronic
sounds of several of the digital stops, most often on the Great manual.

The presence of these pipes unquestionably improves the overall sound of the
organ. After building and installing several of these instruments, we have found
that, in fact, the more pipes there are in a hybrid organ, the better the organ
sounds.
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Surprise!

There is actually a good case for these instruments. Particularly in situations
where space is lacking, a hybrid organ can offer a church much better sound
than a straight electronic organ. This is particularly true if the pipes are compe-
tently designed, scaled, and voiced, and if an experienced pipe voicer also
supervises the adjustments of the electronic organ.

There are, however, several caveats associated with the hybrid organ.

The digital consoles and control systems that are at the heart of these organs
must usually be serviced by electronic organ technicians with access to pro-
prietary parts and schematics. Many pipe organ servicemen are not trained to
service or repair these instruments. On the other hand, electronic organ ser-
vicemen are not trained to tune pipes and make the other repairs a pipe or-
gan may require from time to time. The result is that the church must have two
service organizations to take care of a hybrid organ. And, if there is a service
issue with the organ, it is sometimes difficult to know whom to call.
Secondly, the life-expectancy of a digital or electronic organ (whatever you
may hear!) is usually much shorter than that of a pipe organ. The result is that
eventually a new console will probably have to be installed on the existing
chests and pipes. There are, in fact, a number of combination organs on their
second or third consoles.

Finally, many of the electronic organ manufacturers offer pipe packages for
their organs. Usually, these consist of one or more ranks of generic pipes
(usually a principal and a flute), on a generic chest, attached to generic wind-
ing. These packages are installed by a dealer who may or may not understand
voicing and pipe regulation, especially of pipes that were not specifically
scaled for a particular room.

That said, we have been fortunate in our collaborations on these instruments,
and the result is a number of hybrid organs of which we are proud. Still, this ap-
proach is far from being a panacea, and should be considered a major com-
promise.

Electronic Pipe Extensions.

On the other extreme from an organ that is almost all electronic with only a few
pipes is a pipe organ that employs electronic tone generation to supply the
sound of only a few pipes. Usually, these are very low pipes that would be inor-
dinately expensive or would take up so much space in the organ installation
that they would eliminate other useful stops.
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We have found that these bass extension systems can be used to advantage in
some instances. For example, we often extend an 8’ string stop in the organ to
16’ in the pedal with a 12-note electronic extension.

G. Donald Harrison, one of the great builders of the twentieth century, ex-
pressed the view that these kinds of extensions could be very useful. In fact, his
son, Michael, developed such a system in about 1933.

Conclusion.

Organ building today is a craft that acknowledges its historical roots. The
sound of the pipe organ has developed over hundreds of years in many parts
of the world. The modern pipe organ may follow the design principles of one
particular school, or may artistically blend several styles to suit the needs of a
particular customer.

As a craft, the organ industry has taken full advantage of modern technology –
from the first electric blowers to today’s multiplex and MIDI technology- to im-
prove the instrument, while preserving the one essential ingredient necessary to
a true organ sound - real, windblown pipes. For this reason, pipe organs today
are superior to those produced at any time in the long history of the instrument.

An organ is one of the largest investments a church will make. The life of a fine
pipe organ is often measured in centuries, and many actually outlast the build-
ings for which they were originally built. As shown above, the financial invest-
ment a congregation makes in a pipe organ is preserved in that instrument for
the ages. Many organs play flawlessly for fifty, sixty, or seventy years before
they need renovation. Church trustees would be delighted if the roof, boiler, or
church copying machine could match that record!

In purchasing or renovating a pipe organ, a congregation recognizes the supe-
rior quality of authentic sounds, and also makes a commitment to a long future,
by investing in an instrument that will provide truly great music for generations.


