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What is an Organ?

An Introduction for Newcomers and Novices

(a wide-ranging Reference ‘in brief’)

In ancient Rome someone thought to make some sort of flute playable without human breath.  Providing a steady flow of wind must have been the primary concern — so the first known ‘organ’ was named Hydraulis, after its use of water in stabilizing the pressure of the wind supply.  The name does not reflect any musical purpose.  Separate ‘puffs’ of wind, generated by a simple bellows, were made available as a continuous wind flow via a reservoir placed over water.

The inventor would have had the choice of either:

· using just one ‘flute’ and designing mechanical contrivances to change its pitch, or

· providing separate flutes permanently tuned to different notes, and designing a series of valves to admit wind to each flute separately.

The organ continues from those early times as a wind instrument (or really a band of instruments) where the pressure is continually provided from a blowing mechanism; and where a player, from key-levers and through some type of connecting mechanism, actuates valves under each pipe allowing the influx of wind to bring the pipe to sound.  Although the organ’s musical ‘instruments’ which stand above the valves are given the simple name, pipes, they are far from simple plumbing!

From this (very ancient) moment onwards the ‘organ’ remained centred on a mechanism which uses separate pipes for every note, rather than trying to produce several notes from any one flute.  

This brings considerable complexity to even a modest size of organ.  There are many more pipes than can be seen in the case or façade of pipes.  The playing of just one ‘voice’ requires at least as many pipes as there are notes on the ‘keyboard’.

Any one sound from a keyboard of five-octaves (61 notes), for example, will require a row of 61 pipes – ranging from the large ones making the low notes of the bass, to the much smaller ones of the treble.  That is, these 61 pipes are required for just one instrument or ‘voice’.  
A ‘row’ of pipes may not always be arranged together as a single group; it has the technical name – Rank.

Most ranks of pipes can be brought in and out of operation separately by the player.  The player’s controls for bringing pipes into play are called Stops.  The ranks of pipes are made available to the keys only when stop(s) are selected.  An organ historian could explain why they are called ‘Stops’ rather than ‘Goes’!

The stops on traditional organs are ‘Draw-stops’ that are drawn (pulled) ‘On’ and pushed ‘Off’.  Stops may also be rocking or tilting ‘Tab-stops’.  Modern consoles may have simpler switches, or non-‘moving’ switches with lights to indicate On or Off. 

Normally, one stop brings one rank into play.  Some special stops bring on more than one rank (eg, Mixture III has 3 ranks; that is 3 pipes per note, resulting in 183 pipes for 61 notes).

Sometimes several stops might use the same one rank.  Stops can be borrowed from one division to another, or duplicated.  

Electronic sound:  Because the keyboard operation leaves the sound-producers (the pipes) totally separate from the player, other sound-producing devices may be connected to the keyboards in place of our wind instrument.  Now can be found various types of electronic synthesizers – some of these imitate a pipe organ; some imitate other instruments; and some create new sounds.  The family of pipe-organ imitators is our main interest here; their sound is now approaching the same quality of sound as we can hear from a CD recording of a pipe-organ, and thus may bring a most convincing and musical pipe-like sound to places where it may otherwise be impossible.  Their recent quality is reflected in the rapidly increasing number of installations, and in their popularity with many players.  At the same time it is a simple fact of logic that a copy cannot capture every fine detail and the total independence of every pipe of the original; the finest of real pipe sound will remain better in a live performance — if you can afford it!

Divisions  &  Manuals

An organ may in fact be the combination of several organs.  These divisions are usually allotted to different keyboards.  Firstly, there are: Manuals for the hands, and Pedals – a pedal keyboard for the feet.  In a very small organ there may be no Pedals; or the Pedals may have no pipes of their own, but connect only to the lower part of the manual.  In a large organ there may be more than one division on one manual.

In every country in each century there has been and remains somewhat different purposes, and thus names, for the different divisions.

Most of our parish organs will have the English style of manual layout.

· The main division is the Great.  Here, pipes of many pitches together form the main chorus of “normal” organ tone.
(The name is essentially universal:  German – Hauptwerk;  French – Grand Orgue.)

In a classical organ, the “chorus” simply refers to a ‘full choir’ of ‘normal’ voices.  Some more specific examples are:  Diapason chorus or Principal chorus, or ‘Organo Pleno’ (Latin), or ‘Plein jeu’ (French);  and a Reed chorus, for example: ‘Full Swell’ (English) or ‘Grand jeu’ French (check these in a reference book – although the tone centres on reeds, other stops are included).

In an electronic organ, “chorus” might also be an effect to increase the ‘warmth’ that is found in large organs (through mild tuning differences between ranks or divisions, ensemble or spatial effects).

· The next most common division is the Swell (with manual above the Great).  This chorus is lighter than the Great and may centre on trumpet tone.  The division is enclosed in an expression box or room having louvres or shutters at the front which will quieten the sound when closed (“box closed”).  When opened, the sound will ‘swell’.
European Baroque style does not need a swell (expression) box.

· A third manual may be placed below the Great: the Choir.  This name evolved from various sources; it is now the smallest division and contains softer stops for accompaniment or small solos.  It may take a bolder influence from Europe or from earlier times and then take the name Positive.

· The largest organs may have a Solo or Echo division.  Either or both may be on the Choir manual or on manual(s) placed above the Swell.

Organs in a European style, simply speaking, have the most important or loudest manual on the bottom.  The other manuals go up in order of decreasing loudness or importance.  

· There is a common exception:  when the organ is in a balcony and there is a division at the balcony rail behind the player, this Rückpositiv (back-positive) division is usually connected to the bottom keyboard.

Other Main Parts  &  other Common Controls at the Console

· Blower (enclosed fan), now electrically driven – to supply wind.
In the recent past, wind was supplied from human-pumped bellows (or feeders).

· Reservoir (or bellows) to store the wind and regulate the pressure supplied.

· Windchest (or chest) containing the valves to let the wind into the appropriate pipes as selected by the keys and the stops.

· Action — mechanical, pneumatic, or electric connections from the keys to the chest.  (Electric action in its final stages at the windchest will often include pneumatic devices.)

· Console — the player’s keyboards, stops and other controls.

· Speaking Stops are the normal stops that bring on pipe-ranks.   The controls listed following are non-speaking stops.  Sometimes when we say ‘stops’, we imply ‘speaking stops’.
When stating the number of stops, generally only ‘speaking stops’ are counted.

· Couplers  If there is more than one keyboard (counting the Pedals) then there will be the possibility of joining the manuals to at least one main keyboard and of joining each manual to the Pedals;  eg, Swell to Great;  Great to Pedals.  Couplers are for special combinations of sound, including “Full Organ”.  The couplers are also controlled by ‘stops’.  (On older, or baroque-style organs, couplers may be foot-levers above the Pedals;  and just to confuse the issue these are also called ‘Pedals’.)
Octave Couplers:  As well as coupling one division to another at normal pitch, some organs may be able to couple at the octave above (Octave or Super Octave), or the octave below (Sub-octave).
Inter-manual Couplers.  This is the name given to the couplers between divisions (for unison or octaves)  eg,  Swell to Great;  Swell Octave to Great
Intra-manual Couplers:  affect only the manual they belong to — this applies to (octave) couplers working on their own division  eg,  Swell Octave;  Unison Off.  

· Tremulant:  causes a vibrato in the wind (like a solo singer).  It is normally used only when one line of music is played separately as a solo (usually in slow or romantic style).  The Tremulant is rarely used for several lines of music on the one manual.  It is really never used for the chorus.  
Cinema-organ style is quite different; their main chorus of flutes (Tibias) is almost always used with Tremulants.

· Swell Pedal (or Expression Pedal):  a rocking pedal (shoe-sized), above the pedal-board, controls the Swell shutters.  Other divisions may also be enclosed in a ‘box’ and have separate swell (or expression) pedals.  The swell box is full open when the pedal is pushed by the toe.   For stability of tuning, Swell boxes are normally left open when the organ is not being used (so that all the organ is in the same air conditions).
Pipe-organ tone is ‘normal’ when the box (pedal) is full open.
The shutters are closed only for special effect. 
In basic terms, soft effects are primarily gained by choosing and varying the soft stops.  (Players brought up on ‘contemporary’ organs or synthesizers should fully explore the effects of more or fewer stops before making too much use of the Expression pedal).

· Crescendo Pedal:  This is not an ‘expression pedal’.  It gradually adds stops, although usually the stops on the console do not move.  There will be an indicator on the console to show that the Crescendo Pedal has added stops ‘blind’ – that is, the stops that are On are unable to be seen, but they certainly will be heard.   Beware not to push this pedal when you are just intending to open the Swell box on a soft stop!

· Tutti  This is the normal term in music for ‘full’ orchestra or choir.  On the organ this control will add most of the stops ‘blind’.  It sometimes adds more stops than the Crescendo pedal fully opened. 

· Pistons (or presets):  The selecting of the stops during performance may be assisted by a system which remembers preset combinations of stops.  The recall control buttons are called pistons.  Older organs require the organ-builder to set these ‘permanently’.  

· Divisional Pistons:  These are usually placed between the keyboards and under the manual they affect.  They may also be placed above the pedal-board (sometimes duplicating those on the manuals).  
Some playing-customs prefer Divisional pistons to affect all stops, couplers and Tremulants relating to the division.   Others prefer that speaking stops, Tremulants and intra-manual octave couplers only are affected.
Some customs (common in England) demand that speaking stops only be affected.   

· General Pistons will affect all stops for all divisions – including couplers, Tremulants etc.  (You may find that some ‘advanced’ controls available through modern systems will – and some won’t – be affected by the Generals.)

· Capture System:  a system that allows organists to set the adjustable pistons themselves; that is to capture and be able to recall the stop combinations.

· Memory Levels:  Modern computer-controlled capture systems allow all the Pistons to have more than one memory.  The different settings available on the same piston are accessed by changing the Memory ‘Level’.

Compass

The organ now always begins from the C written just below the Bass clef.

The pedals mostly play through 2 octaves, then to f (30 notes) or g (32 notes).  Bach’s organs had a highest note of d (this is 27 notes if all sharps are included, but just to confuse the counting, old organs sometimes omitted sharps at the bottom of the compass).  

The manuals continue past four octaves.  Organs that Bach played stopped at four octaves,  or continued for a note or so.  In the late nineteenth century the range extended to f then to g;  and later to a, and eventually to a normal maximum of c, making five octaves (61 notes).
Instruments now built in a Baroque (18th century) or generally ‘classical’ style will likely have an upper note of g, occasionally f, or a.

Pitch —  16', 8',  4',  etc
                            (that  is 16, 8, 4 foot or feet, in case you know only metric.)

The lowest keyboard note has been common for several centuries as the C mentioned previously (2 octaves below middle c).  In earlier times it was also common to have bass extensions for some stops down to A, G or F.

At normal pitch, the length of a low C pipe is about 8'.  Therefore:
normal pitch is called 8' pitch, despite the fact that for each octave higher than this note, the length becomes about half (one octave up: 4';   middle c: 2';   next c: 1';
c above treble clef: ½';  etc).

If the pitch of the whole stop is one octave higher than normal pitch, it is called 4' pitch;  two octaves higher, half again at 2';  another octave, 1' etc.   One octave lower is double at 16'.   It is intended that adding to an 8' pitch, ranks of higher pitch, will louden and brighten the whole sound.   When listening to a melody, these added pitches usually are not clearly apparent as entities in themselves – we do not hear a series of parallel octaves (or whatever pitch).   Rather, the combined pitches synthesize a ‘new’ sound.

Regarding couplers:  Octave and Sub-octave couplers may alternatively be called 4' and 16' couplers.

There may also be pitches in-between the octaves.  
Mutation stops will not only brighten the sound, but when heard together with the unison (and octaves) will create a different sound colour.

We will not explain these ‘odd’ pitches here, but pitches that belong with 8' pitch for example, might be understood as follows.
If we observe from the octaves of 8' pitch that:  4' = 8(2;   2' = 8(4;   1' = 8(8;  
then it may be seen that other mathematical divisions are possible also:
8(3 = 22/3;   8(5 = 13/5   8(6 = 11/3.
For 16' pitch we can find:  16(3 = 51/3;  or for 32' pitch: 32(3 = 102/3.
All these fractional pitches correspond to the partial tones or harmonics that are part of any single musical sound.  Re-inforcing the ‘normal’ harmonics with stops at these pitches will change the resulting tone, but still blend completely with it — the added harmonics will not sound like separate notes. 
22/3'  is ‘halfway’ between 4' and 2':  it sounds the interval of a 12th (above 8' pitch), a 5th above 4' pitch;  this is the “3rd harmonic” and adds a colourful nasal quality – excellent for solos.
11/3'  is an octave above 22/3'.
13/5'  is ‘halfway’ between 2' and 11/3':  it sounds the interval of a 17th, a 3rd above 2' pitch;  this is the 5th harmonic and it increases the ‘clarinet’ or ‘cornet’ quality of a solo sound.


(Note that the pitches sounding the 3rd and 5th harmonic are best for solo melodies.  If they are to be used in chorus, best blend will be gained if there are many ranks of unison and octaves tone sounding at the same time.)

Putting this together in a table in terms of harmonics:  The columns across show the pitch that corresponds to each possible harmonic (up to number 8).  Any pitch that corresponds to a harmonic will blend with the fundamental pitch.  For example, you can see that the 3rd harmonic of 16' pitch is 51/3'.  Also note that 51/3' pitch does not belong to, and therefore will not fully blend with 8' pitch (you could notice the ‘unwelcome’ interval of a fifth).

	
	Harmonic
Number
	1
	2
	3
	4
	5
	6
	7
	8

	Pitch
	
	
	
	
	
	
	
	
	

	
32'
	32'
	16'
	102/3'
	8'
	62/5'
	51/3'
	44/7'
	4'

	
16'
	16'
	8'
	51/3'
	4'
	31/5'
	22/3'
	22/7'
	2'

	
8'
	8'
	4'
	22/3'
	2'
	13/5'
	11/3'
	11/7'
	1'

	
4'
	4'
	2'
	11/3'
	1'
	4/5'
	2/3'
	4/7'
	½'


What is that mutation?!   The following very useful little bit of arithmetic is usually not included in the texts on physics or acoustic theory:  
To find the ‘base’ pitch for any mutation pitch, convert the mutation pitch number back to a pure fraction:  for example, 31/5' = (3x5 +1)/5 = (15 + 1)/5 = 16/5
This means that 31/5' belongs to a 16' stop, or lower.  It therefore will not fit with 8' pitch.  (The “5” indicates that it is the 5th harmonic.)

Action

Today, builders choose from two main types of action:  Mechanical or Electric.  Pneumatic action is no longer used for new organs.  Each type has existing examples that work well, and some examples that work very poorly.  Different builders will achieve best results from different types of action.

· Mechanical:  This is the most responsive to interpretation of individual notes, provided that the main divisions of the organ are more or less directly over the console and the organ is not too large.

· Electric(-pneumatic):  Unfortunately, this may be a necessary compromise in some situations, particularly where electric action needs to be added on to a windchest that was designed to be operated mechanically.  Such a compromise may be forced by financial restrictions, or because the organ had already had its mechanical action removed, or because the ignorance of architects has demanded the organ to be crammed into a poorly accessible chamber (with suffering tonal results as well).
But electric-pneumatic action can provide advantages in pipe layout and control (particularly if the chest is designed from the beginning to be electric) or for late-period Romantic organs where the wind pressures are high (and the pallet valves hard to open).  The largest organs should not be completely mechanical, or else they will be too clumsy to play well – especially for virtuosic Romantic or orchestrally conceived music.
  The common combination of electric-pneumatic action can be faster than large electro-magnets in some circumstances (but different builders can get good results from different methods by applying their own experience.)

· Some chest types:  Most chests have one ‘pallet’ valve action per key;  and above the valves, there are sliders – one per stop – to stop the wind from passing up into the ranks of pipes.  It is no surprise these are called:  Slider Chests.
Another type of chest may have a separate valve system for every pipe.

Illustration of relative numbers of valves (indicative of complexity):  
   A slider chest of 61 notes and 5 stops will have 61 + 5 = 66 valve systems (and five sliders).
   The same stops on a Unit chest will require 61 x 5 = 305 valve systems.  Commonly, there will be 305 external small electro-magnet valves and an internal pneumatic system for each as well.  Alternatively, there may be 305 internally located magnets opening the valves by direct action.
   A Pitman chest has only one external electro-magnet ‘motor’ for every note plus one for every stop,  that is 61 + 5 = 66 external motors – as for a slider chest – but with a pneumatic system of 305 pneumatic ‘Pitman’ valves controlling the 305 internal valve systems.

Extensions & Borrowing

An 8' stop, for example, might be extended by only 12 pipes to create a 4' stop.  Because this 4' stop would have 48 pipes in common with its 8' stop, there will be ‘missing notes’ in most music using two hands on the same keyboard.  Also, an independent 4' stop should normally sound a little different tonally from an 8' stop.

Borrowing or Duplication:   This is where a stop, or an extension of the same stop, appears additionally in another division.

A large amount of extension or borrowing will thus destroy the integrity of an organ chorus sound for the classical organ repertoire.  
However a maximum versatility in colour can be obtained from the fewest possible ranks — this suits the cinema organ style.  
An organ with no extension (or little) may be called straight.

Pipes

The organ’s musical instruments fall into two main categories of pipes:  Flues & Reeds.  Organs of the Baroque period and orchestral-type Romantic organs use also some percussion instruments such as bells (eg Cymbelstern; little bells sounding while a ‘star’ rotates in the organ case-work)  or tuned bars (eg, Harp; metal bars struck with thick felted hammers; the sound is not much like an orchestral Harp, but well complements organ tone in soft arpeggio passages).  Cinema organs include many percussions and effects.

Voicing:  This is the all-important art of making musical adjustments to the tone.
Tone is affected by wind pressure, and size and shape of the mouth (width & cut-up), and treatment of the lips, languid, flue and foot-hole.
Once the organ is installed, each pipe undergoes final adjustments: regulating.  

Flues

The oldest type of pipe is flute-like in the way its tone is generated.  It is built like a recorder of flageolet, or tin-whistle!  These are the sort of pipes generally seen standing in the front of the organ.
  Most pipes are made from relatively soft metals;  normally a combination of tin and lead.  Large pipes in modern times might alternatively be of zinc or copper (for greater strength).

We give the parts of a pipe ‘human’ names.  
The pipe has a base, or foot, relatively narrow at the bottom where the wind enters and where the pipe sits on the windchest.  The foot is usually an upside-down cone which simply supports the wider body and takes wind to it.  Beginning at the join between foot and body is the opening called the mouth, it has a lower lip and an upper lip.  
Behind the lower lip there is a languid, a disc separating the foot from the body.  Air can only pass from the foot to the body through a slit between the lower lip and this languid.  This slit is called a Flue, and again our application of language is rather clinical.  So the name; Flue pipes. 
At the sides of the mouth, there may be vertical ears (like a horse’s blinkers) to guide the wind more directly from flue to upper lip.  There may be a beard, or harmonic bridge, between the ears; this stands in front of the mouth, again a device to influence the wind and hence the tone, particularly in pipes of narrow scale.

Flue pipes make tones which vary from a flute sound (relatively wide pipes) to a string sound (relatively narrow pipes).  In between these extremes lie the normal pipes which provide the essential organ sound and are thus called Principal or Diapason.

Scaling:  This has a couple of meanings:  

· When referring to just one pipe, or the tone in general, we may say ‘narrow-scale’ to indicate the thin (string-toned) pipes, or ‘wide-scale’ to indicate the fatter (flute-toned) pipes.  A finer use of the word will refer to the variations within one family of tone (eg, wide or narrow-scaled strings).

· At the same time as indicating the scale of the pipes in relation to tone in general, there is an additional use of the word.  
There is a normal required change in pipe diameters from the wide bass pipes to the narrow trebles in order to keep the pipes in a natural tonal proportion.  This normal scale can be varied to make the trebles or basses more stringy or flutey compared to the tone in general.  It is expected that a stop has an essence of tonal uniformity throughout its compass, but also it is normal for the basses to have more complexity (harmonic colour, or stringiness) than the trebles — as for any musical instrument.

Stopped pipes and Harmonic pipes:  The flue pipe is usually open at its top, but will also work if stopped (we often use the German word for stopped: Gedeckt).  The pipe will then sound an octave lower, and more flutey or ‘hollow’, than if it was open.
Pipes may be overblown to permanently sound a higher harmonic (usually the octave); this attracts a name such as Harmonic Flute – these pipes are double normal length.

· The pitch name (8' etc) defines the pitch sound; not the actual length. 

Tuning:  Remember, it is mainly the length of a pipe that determines its pitch.  Open pipes can be cut to exact length and then cone-tuned (the top of the pipe is gently forced out or in) – a very stable tuning method;  or the pipe may have little moving adjustments at the top for ‘easier’ tuning.  Open pipes may have moving sleeves called tuning slides; thus it is slide-tuned.  Some pipes may have a slot cut and a moveable flap of metal rolled up for tuning adjustment – common for large pipes and pipes in a façade.  Stopped pipes can have adjustable tuning stoppers.
After the pipes are tuned, variations in air temperature can affect the pitch of all the flues together – pitch goes up in the heat and down in the cool.

Reeds

The sound is produced in the same way as in the mouthpiece of a Clarinet or the sounding parts of a bagpipe (chanter and drones), where wind from the player sets a little cane ‘reed’ into vibration and that sound is amplified by the body of the instrument.  
The reed in the organ is metal – brass.  The reed is pressed against a shallot, which is like a Clarinet mouthpiece.

The sound of the reeds thus have this essentially ‘brassy’ tang rather than the flutey or windy, stringy flavour of the flues.  The sound of the vibrating brass reed is amplified in a conical resonator.
The sound can vary (a great deal) from loud, as an aggressive or smooth trumpet or Tuba, to soft, as a buzzy Renaissance-type instrument, or bright or smooth Oboe.  
Cylindrical resonators may also be used; they give a hollow or Clarinet-like tone.

Reed-pipe resonators would normally be about the same length as an open flue pipe of the same pitch, but they can be half or quarter-length or less; or double length.  Fractional lengths give less body to the tone and leave more audible buzz from the reed.  Double or harmonic lengths restrict the brilliance or make a stronger and smoother sound  (Illustration: relatively ‘smooth’ tone can be heard while singing ‘ah’ then cupping your hands near your mouth).

The vibrations of the reed entirely determine the pitch.  Tuning is effected by adjustment of a tuning wire which presses against the reed and can be moved up or down to make the vibrating part longer or shorter.

Names of Stops

The stop names for the hundreds of different types of pipes vary from century to century, from country to country and from builder to builder.  Stop names can be based on the construction shape, or on the instrument that it sounds similar to, or on the sound in general.  
Builders sometimes use names from different times or foreign places specifically to indicate their intention of emulating a sound well known or documented from that other place or time.  Even the most conservative organ in English style would have at least one name from French, German, Italian or Latin; and on a larger organ probably several examples from all of those.  This great variety of names is best learnt from your local experience, together with the study of instruments from around the world and from different periods.

Registration

The combining of stops into solo combinations and into different tonal qualities of ‘chorus’ is also a large and fascinating topic for continuing study.  
Planning or selecting stop selections is called Registration.  Thus pistons etc are Registration Aids.  In Europe, most old and many ‘neo-classical’ organs have few registration aids; thus complex registrations (as for some Romantic or modern works) will require a personal assistant: ‘stop-puller’ or Registrant. 

Finale

You will find different and sometimes opposing views about these things, and indeed about most organ matters.  It is wise to assume that there is truth in all views and then seek out what lies behind those views.

Happy Voyage!
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