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1 Introduction

In this first session, I want to set the scene for this series of lectures
and to produce a general background against which we can discuss
the effect of the Industrial Revolution on our instruments, on the
way in which, and the reasons why, music was performed, the
genesis of our modern orchestra and its instruments, and all the
conditions under which music has been performed for, roughly,
the last two or three centuries.

I am using the term ‘Industrial Revolution’ in its widest sense
— not necessarily from the first use of industrial machinery at
Coalbrookdale, for example (the Industrial Revolution did start
in England), or whatever other landmark of the beginnings of our
modern age that a variety of people have used.

What I have in mind is the change from a mainly rural, mainly
feudal economy to an urban, partly industrial, economy, with two
important, for us, concomitant changes: a rise in the level of tech-
nology and the rise of an urban middle class.

Social economists and historians will almost certainly cavil at
this over-simple definition, but where I want to start in musical,
and organological, history, from next week onwards, is with the
development of adequate technology to produce, for example, ac-
curately made thin metal tubing, which permits the use of tuning
slides, the introduction of the slow-feed on lathes, which permits
the mass-production of gut strings covered with metal wire, and
all the similar developments which affected other instruments.
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The other factor which is important to us, and where we start to-
day, is the arrival of a middle class which, wishing to acquire the
graces and pleasures of the aristocracy, created the need for the
public concert hall.

None of this happened simultaneously, and the various as-
pects of it didn’t happen at the same time throughout Europe.

In England, for example, public concerts came rather earlier
than in other parts of Europe. We did not have here the system
of petty states, each with its own Archduke or Herzog and his
court establishment, which was common in that area which, in
the 19th century, became Germany. It is worth remembering that
Germany was a creation of the late nineteenth century. Before
that it was a hodge-podge of small states and free cities, all of
which were separate from their neighbours, and all of which were
hedged about by privileges and restrictions.

The feudal system broke up rather earlier in England than
elsewhere. As a result we have had a very active entrepreneurial
middle class from the middle of the seventeenth century onwards
or even earlier. Perhaps this was due, to some extent at least, to
the Commonwealth, that period after the Civil War when there
was no king, no court, and, except for those who had prudently re-
tired to their estates and maintained a very low profile, not much
aristocracy. As a result, when the monarchy was restored, there
was little native tradition extant in Britain of the minor court with
its resident Kappellmeister, its court orchestra, and its private
concerts. I'm not saying that it did not happen; Handel at Canons
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is proof that it did. But it was not the mainstream of musical life
here, as it was over much of the Continent. And certainly John
Bannister is said to have been the first man in Europe, in 1673, to
mount public concerts for an audience who paid to come in and
hear the music. Equally, it is said that it was in London that the
first public concert hall was built, in 1678, and our own Holywell
Music Room, built 70 years later, is the world’s oldest surviving
concert hall still in use for that purpose.

Why did all this not happen also in the cities of the rest of Eu-
rope? There are a number of reasons. One is that our Civil War,
traumatic as it was, lasted for only half a dozen years, whereas the
Thirty Years War pillaged much of Central Europe for 30 years.
Another is that public theatre was established here in the sixteenth
century, with Shakespeare and his predecessors and successors,
whereas in France, for example, the Théatre of Racine, Corneille
and Moliere is a century later. As a result, English audiences
were accustomed to going to public centres and paying for an en-
tertainment, whereas our Continental contemporaries were not.
Another was that much Continental music-making consisted of
the small Collegia of interested amateurs, in Germany, and the
Accademia of learned savants, in Italy, to take just two exam-
ples. These played for their own and each other’s amusement,
but they were open only to their own members and their guests,
and not to the general public. The other branch of Continental
music-making was the court orchestras, where the audience was
the Prince, his family, and his invited guests.
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In addition, what may well have been a valid substitute for
what we think of, in Britain, as public concerts, was perhaps,
over much of the rest of Europe, the Church. Here, of course,
was music performed very much in public, whether it was Mon-
teverdi and the Gabrielis in Venice, Schiitz in Dresden, Bach in
Cothen and Leipzig, Charpentier in Paris, or anyone else. We did
not have much church music of this type in Britain, with large in-
strumental resources, again partly due to the Puritan influence of
the Commonwealth. But it could well be that if you heard JSB
and his boys producing a new Cantata every Sunday, you didn’t
really feel the need for public orchestral concerts as well.

Where there were court orchestras and church orchestras,
there was a living for professional musicians; they may have been
treated and regarded by the courts, and by the Prince Bishops, as
servants, but they could write and play more or less as much as
they wished, and they were paid for it. In England, due to the
lack of court and church orchestras, professional musicians were
compelled to lay on their own public concerts if they wished to
eat. Hence the musician John Banister providing his public con-
certs in 1673, and hence an early version of the Musicians’ Union
building, the York Buildings, in 1678.

Public orchestral concerts did not really get going over the
rest of Europe until the last quarter of the eighteenth century. In
1781 the Leipzig Gewandhaus was built, and over the next 50 or
60 years most major European cities acquired a hall of similar
size and importance, built specifically for public concerts.
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The one form of music-making for a paying public which has
an earlier history is that of the opera. Perhaps even in the Baroque
period the opera was so expensive a musical form that it was be-
yond the reach of most princely purses, and only by allowing the
public to come and pay to attend performances was it possible to
put operas on the stage. Even today, the Royal Opera House gets
a greater public subsidy than all the other London orchestras put
together. Certainly there is evidence for public performances of
opera, or equivalent forms such as the Singspiel, in Europe ear-
lier in the eighteenth century than there is for the establishment
of concert halls such as the Gewandhaus. The precedence of the
opera does not stop there; as we shall see as we go along, many
of our orchestral instruments first appeared either in the opera
orchestra or in the military band.

We should not neglect the military band as an element in
this history of public performance. In Britain the bands them-
selves were the personal property of the Colonel of the Regiment
or of the Officers jointly. Nevertheless, its performances were
inevitably public. If a regiment marches down the street with
drums beating and band playing, everyone can hear it. Because
the street acoustic is, let us say, unfavourable for musical perfor-
mance, louder instruments were more popular for such ensem-
bles. Perhaps this is true to some extent of the opera also, though
effect and novelty were always an important influence there. If
the audience is to have an unobstructed view of the stage in the
opera house, it is desirable for the musicians to be behind it, under
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it, curtained off from it, or more or less anywhere except where
they can best be heard, leading to the necessity for increased or-
chestral volume, if only, as Sir Thomas Beecham would say, to
drown the singers.

One of the prime effects of these new public concerts, as well
as the conditions in the opera pit, on the history of instruments
was the need to make more noise, to become more audible. One
function of Court music was that of conspicuous consumption, to
show that the Prince was wealthy enough to keep a court band,
all dressed in his livery. But the prime function of music in many
princely salons was much that of the Palm Court or of muzak
in our restaurants today. It was a welcome background noise to
cover the conversation and the gossip and it had the virtue of al-
lowing people to gossip slanderously about their neighbours with-
out being overheard by them. There were, of course, many ex-
ceptions. There were many courts where the Prince was an ardent
lover of music, even a player in his own orchestra or a composer
for it, but that did not mean that all his court, or all his invited
friends and hangers-on, shared his love for music. Thus even in
Frederick the Great’s Berlin, even in Mannheim, even in Ester-
hézy, not everyone listened to Carl Philip Emanuel, to Stamitz,
or to Haydn, as we do in the Festival Hall or in the Sheldonian
today.

With the rise of a moneyed bourgeoisie, things changed. If
they wanted to hear music, it could only be possible in a public
concert hall: few members of the rising middle class were wealthy
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enough to maintain their own orchestras and to ape the aristocracy
in this way. Indeed, in the latter part of the eighteenth century,
the courts themselves were growing poorer and were becoming
less able to afford such luxuries. If the ordinary man was going to
a concert, he would have to pay for his seat, and he would often
want his money’s worth. He and his family would want to hear
the music. Thus the instruments had to grow more numerous and,
as we shall see all the way through this series, they often had to
become louder, simply so that they should be audible.

An obvious way of making an orchestra more audible is to in-
crease the size of the string band. When that happens, the wood-
wind are at a disadvantage, except on the rare occasions when the
concert promoter could afford to double them up. Thus the wood-
wind had to grow louder. As they did so, they began to drown the
strings, and there we go, well on our way to the Symphony of a
Thousand.

With the increased number of string players, the cost of put-
ting on the concert goes up. The obvious way of covering the
increased cost is to build a larger hall to seat more paying cus-
tomers. When you do so, the orchestra has to be larger so that it
can be heard, and so we embark on the vicious spiral which still
plagues us today. No concert with a name soloist or a name con-
ductor can pay for itself in the Festival Hall, even if it sells out.
This is why no major orchestras come to Oxford: we have no hall
here which would even approach a break-even figure. This is why
we put up with the echo in London’s Albert Hall, why we have
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halls like the Berlin Philharmonic where, from the top gallery,
you feel that you are watching the orchestra through the wrong
end of a telescope, and where even then the Berlin Philharmonic
Orchestra needs an annual subsidy greater than the whole Arts
Council grant for music.

Another effect of social changes in the eighteenth century
was the freeing of social mobility within classes, though on the
Continent perhaps the full effect of this did not take place until
the latter part of that century with the French Revolution and the
general upheaval of the Napoleonic Wars all over Europe. There
had been what was almost a caste system; your father was a cob-
bler, and therefore you probably would be too, and in some parts
of Europe, not probably but certainly. With this class freedom,
the cobbler’s son could chose his own trade, and, if he were musi-
cally inclined, he might become a musician, not just as an amateur
in the evenings when he was free from his cobbler’s last, but as
a professional. The result of this change was the establishment
throughout Europe of many of the musical conservatories which
survive to this day, where any musician of talent could be trained
to professional standards.

The earlier method of training had either been through the
Church, or by apprenticeship, and even in the Church a form
of apprenticeship was normal, although perhaps fairly open to
entry by anybody with inclination and talent, unlike other ap-
prenticeships. Entry into normal apprenticeship was often very
strictly controlled. Restrictions on entry lasted longer in Germany
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than elsewhere. In Germany, organisations such as the Trumpet
Guilds were survivals of the old mediaval guild system. Entry
was often restricted to the children, and especially the orphans,
of guild members, thus prohibiting the entry of others into the
musical profession. Sometimes others might play as amateurs,
though the Trumpet Guild, at least, was powerful enough to pre-
vent this. But they could never play as professionals, and even as
amateurs, if they could not find a better amateur to teach them,
they might never be able to progress beyond the stages attainable
by the self-taught.

The advent of the Royal Academy of Music in London, which
was a mid-18th century foundation, and then later the Conserva-
toires, Nationale in Paris and Royale in Brussels, and the similar
organisations elsewhere, changed all that. Any boy, less often any
girl, of musical talent could embark on a musical career.

As a result, the pool of available musicians expanded enor-
mously in the nineteenth century. Even in England, where as we
have already seen in other areas, things were much freer, if you
look at the lists of musicians appearing at the various mid- to
late-eighteenth century Festivals throughout the country, among
the professionals the same names crop up again and again. It must
have been very like the modern Early Music world, where each
orchestra has a different name, but when you look through the
names at the back of the programme, or at the faces on the plat-
form, there is clearly quite a small pool of musicians available
to share out among all the bands. In the nineteenth century this
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changed. There were far more musicians available, and as a re-
sult, the various concert giving organisations did not have to pick
a night when the Opera was not performing, to get an orchestra for
their concert. In eighteenth century London, it must have been a
bit like it was here twenty or so years ago, when nobody could per-
form Bruckner 7 if the Garden was doing The Ring, because the
Royal Opera House orchestra had the only set of Wagner tubas,
and performances of Vaughan-Williams’s Sinfonia Antarctica had
to be planned to avoid Turandot because Covent Garden, again,
had the only set of tuned gongs.

The change from private concerts to public had its effect on
the musicians also. Composers, for example, found their lives
very different. Where a composer had been the Kappelmeister
to a court, so long as he produced his weekly concert, or whatever
his contractual stint was, and as long as his own music, or the mu-
sic that he borrowed in from his pals among the other composers,
was to the liking of his Prince, his job and his meal-ticket were
secure. As the private bands began to vanish, he became depen-
dent upon the whim of the public, and while it may not have been
easy to satisfy one Prince each week, it was very much harder to
please every member of the concert-going public. Just as today,
empty seats in the hall meant lower returns at the box-office. He
could, of course, dedicate his new work to Prince this or Arch-
duke that, and quite often such a dedication paid off in hard cash.
Not always, though, and it wasn’t really practicable to hawk a ded-
ication round the local aristocracy to see who would pay the most
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for it. Any of you who are putting on concerts can try Tesco for a
sponsorship, and if they won’t play, you can try Marks or the TSB.
Beethoven couldn’t really do that with a set of string quartets.

Thus a musical career became much more precarious, even
for the most eminent composers, as Mozart, for example, dis-
covered. There was no copyright protection in those days, which
meant that anyone could bring out his own arrangement of popu-
lar works. There was no Performing Right Society either, so that
a composer would only benefit from the public performance of
his music if he was putting on the concert himself, or more oc-
casionally if someone arranged it as his Benefit. His only income
was from commissions, for example for a new opera, from his
own performances, from grateful dedicatees, and from selling his
work to a publisher. When he put on his own concerts, he took a
chance on the number of tickets that would be sold on the night.
If he got a good audience, fine. If not, he still had to pay for the
hall, for the orchestra, and for all the printing and advertising.
When he sold a work to a publisher, it was a cash down sale, with
no royalties on future sales. This is why we have so many stories
of how fast some composers could write; they had to if they were
going to eat that week.

Soloists were marginally better off. As well as playing for
their faithful local public, they could tour the other cities of Eu-
rope, either hoping that their reputation had sufficiently preceded
them that local impresarios would pay them to perform, or put-
ting on one concert themselves, just as young soloists put on a
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Wigmore or a Purcell Room today, in the hope that they would
make such a hit that they would then be taken up by the local con-
certs. They could also tour the courts, playing for Maria Theresa
one month and for Marie Antoinette the next, and if they were
lucky this could pay off in hard cash, but if, as more often, they
weren’t, it might be a ring, or an enamelled pocket watch, or a
jewelled snuff box, and there are limits to the number of rings
you can wear, watches you can pocket, or snuff boxes that you
need, and anyway you can’t eat any of them, and royal gifts are
not safely saleable.

Orchestral musicians were certainly better off. All these cir-
cumstances led to more concerts, and more concerts meant more
work. If you could play for Beethoven one night, Schubert the
next, and Haydn the night after, their takings might have been
down, but you’d had three gigs. More concert halls set up in ri-
valry with each other, each with its resident orchestra. In Eng-
land, the provincial Festivals proliferated, and however much the
local concert would of course employ the local talent, there was
always the need for stiffening from the main London bands. To
this day there are many orchestras with proud local names which
nevertheless need help from the central London pool of musicians
for many of their concerts. In my career as a professional musi-
cian, there were few provincial orchestras, including the BBC'’s,
that I did not play in now and again. The same was true in the
late eighteenth century, and in the nineteenth.
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So much for an introduction to the changing patterns of mu-
sical life in the late eighteenth and the early nineteenth centuries.
The rest of the lectures in this series will concentrate on how
the Industrial Revolution, and the changes just outlined which
it brought in its wake, affected the instruments with which music
is made, and the ensembles which played them, and how this in
its turn affected the music which is written, and performed on,
those instruments, and by those ensembles.

We shall, in other words, see how musical sound changed
from that of the early classical period into that which we hear in
our modern-instrument concerts today, but perhaps as we go we
may become more aware of the musical sound of each period.
After all, music is sound — about the only thing in common be-
tween Mozart and some modern composers whom it might be
more tactful not to name, is that both created sounds. When, as
until very recently, we heard the same sound, if different music,
when listening to Mozart as we did when listening to Stravinsky,
we heard a falsification, just as we would see a falsification if we
repainted a Rembrandt with the acrylic colours that some mod-
ern artists use. In fact, the Stravinsky we hear today is also often
a falsification; the Rite of Spring was written for Paris, and all the
French instruments in 1913 sounded very different from those in
the LPO or whomever today.

These lectures were given at fairly short notice in the Fac-
ulty of Music, University of Oxford, in the early 1990s, and were
therefore based on accumulated knowledge rather than specially
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researched. Therefore no bibliography was provided. They were
illustrated with instruments and by slides that cannot be repro-
duced here due to copyright restrictions — it is generally assumed
that one can show things in a lecture but not publish them. How-
ever, many of them can still be easily found through the books
cited, especially my own World of...Musical Instruments series,
in particularly Romantic & Modern, here abbreviated as R&M.



2 The Organ

The organ was, of course, well-established long before the Indus-
trial Revolution was thought of — it was invented around 200 BC
in Alexandria in Egypt, and it was used by the Romans, mostly
in the circus. Perhaps they used it rather as we used the mighty
Waurlitzer in the cinemas in the 1930s to entertain the customers
between the films, playing the hydraulis, the hydraulic organ, be-
tween the gladiators’ duels, wild-beast hunts, massacres, and other
entertainments. It’s always been rather a surprise that it became
a church instrument in the ninth or tenth centuries, because one
would have thought that the memory of its use to accompany the
massacres of Christians under Nero and other Roman Emper-
ors would have been such a lasting memory that it would have
been tainted beyond redemption. Still, it did become the church
organ, and, with the beginnings of industrialisation in the 17th
century, it became the large and elaborate instrument of Bach’s
period such as that in the Wenzelskirche, in Naumberg, which is
dated to 1743-6, and whose specification was approved by Sebas-
tian Bach. This organ has a pretty complex mechanism of rods,
trackers, and roller-boards, linking three or more keyboards and
a pedalboard to several thousand pipes, and also linking a number
of pairs of bellows to several windchests and air reservoirs.

It was pre-Industrial Revolution technology that allowed the
manufacture of the large pedal pipes. Organ builders were able
to cast 16-foot pipes by the mid-1500s, and remember that that is

15
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the speaking length, from the mouth to the top of the pipe, sound-
ing the C an octave below the one on the second ledger line below
the bass stave; any organ pipe needs a foot on which to stand, so
that the 16-foot pipe has to be about 18 feet long or more. Before
Bach was born in 1685, Arp Schnitger in Germany was building
organs with 32-foot pipes, over ten metres long including the foot,
and these, if fairly rare, were found on a number of large organs.

Ranks of organ pipes are named by the lowest C of that rank.
If the lowest C was middle C, then it would be a two-foot rank.
The C below, the second space in the bass clef is the four-foot,
that on the second ledger line below the stave is the eight-foot,
and so on down, or up, as the case may be. The length of the
foot is purely nominal; it depends on the shape and diameter of
the pipe, the pitch standard of that town, the air pressure used for
the organ, and anyway the length of a foot has always varied from
place to place and time to time; it was seldom if ever 30.8 cm
long.

Such organs were still built all in one large case, so that the
organist was, as it were, built into his organ. He sat on his bench
with, behind him, the Riickpositif or back-positive which, be-
cause it was behind or sometimes even under the seat, was called
the Chair organ in England, a name which became transmuted
into the Choir organ. In front of him, immediately above the
keyboards or manuals, was the Briistwerk, which after 1700 or
so might have been built into a box, with doors shutting it in,
which could be opened or closed by a foot lever, the Swell. Above
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the Swell was the Oberwerk and the Hauptwerk, which together
were called the Great in England. Two side towers, or, and some-
times and, a central tower, contained the longest pipes, which
were played by the pedals.

The main reason that all this was in the one case was that the
operation, the transmission of action, between depressing a key
or a pedal by the player’s finger or foot, to opening a pallet or valve
to let air into a pipe and thus produce a sound, was all by trackers
and rollers, wooden or metal rods and wires which pulled, pushed
or turned other rods to move further rods and wires to open and
close the access of air to the pipes. The air was, of course, pro-
vided by one or more, usually more, people pumping on bellows
which fed air to reservoirs and wind chests. You can’t pump air
directly from bellows into the pipes because if you do, the pitch
sharpens as the pressure increases, and flattens as it slackens. The
Greeks and Romans knew this: hence the hydraulis where the
air-pressure was stabilised by the weight of water in a tank. It
took most of a thousand years after the fall of the Roman Em-
pire for this knowledge to be rediscovered in Western Europe,
and the system that was then used was one of lead weights on
top of the reservoir, rather than water. Provided that the feeder
bellows keep air coming into the reservoir, the weight of the lead
keeps the air pressure steady in the pipes. If you want to build an
organ with higher air-pressure, you simply put more lead on the
reservoir bellows; lighter pressure, less lead.
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There were two main disadvantages of building the organist
into the organ in this way and of this type of mechanism, known
as the tracker action. One is that, in a good many styles of church
architecture, the organist was a long way from the choir whom
he was accompanying. Where there was a large organ loft, as
in some German churches, he could have the choir, and even an
orchestra, up there with him. The same applies to some designs
of collegiate organs in Britain; there’s room for quite a fair size
orchestra and choir with the organ on the screen in Westminster
Abbey, and I've often wondered why we don’t have that provision
with other screen organs such as King’s College, Cambridge and
St. Mary’s here in Oxford — perhaps we like to be able to see the
choir. In Spain, organs were often placed on each side of the
choir, opposite each other. However, what was often the normal
organ position, stuck against the wall at one end of the church,
usually the west end, as far as possible from the choir, made any
ensemble work pretty difficult, since the sound of the choir took
a perceptible time to reach the organist, and he had to play ahead
of them so that his sound reached them as they sang, far ahead of
hearing them, several beats in any reasonably fast music.

The other was a matter of air pressure, spring tension and
the weight of the action. The pallet is held closed by a spring so
that when the player takes his finger off the key, it will close and
the sound will stop. Opening a single pallet is no problem but
play a four-note chord and you are opening four pallets, with four
times the weight. When another stop is drawn to couple another
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rank of pipes, two sets of four pallets are being opened and the
weight doubles to eight times that of a single pallet. Since quite a
number of ranks may be played simultaneously in normal organ
music (the combination of several ranks is what gives organ music
its colour and character), the weight on the keys, which must be
overcome by finger pressure, can get pretty heavy. This was not
too much of a problem in the Baroque, but with nineteenth cen-
tury organ music, and perhaps especially in France where, even
in the Baroque, a characteristic style of organ playing was con-
trasting a solo stop, which might be quite light in action weight,
with the full organ, which could be pretty heavy, this was more
of a problem. It was also a problem when air pressure was in-
creased to get more volume (and to allow enough air for more
stops) because one is opening the pallet against the pressure of
the air inside it to let the air into the wind chest.

In the late 1830s, Charles Barker invented his pneumatic lever,
a small bellows. The finger on the key opens a pallet and a puff
of air operates the bellows and they do all the rest of the work.
Thus the only effort by the player is opening the initial pallet,
and the weight felt by the finger remains constant. This mech-
anism met with little initial success in Britain, but it was taken
up by the great French organ builder Aristide Cavaillé-Coll who
built many very large organs all over France. In 1845, Prosper-
Antoine Moitessier invented his tubular pneumatic action which
was combined with Barker’s levers by Fermis in 1866 and by the
great English organ-builder Willis in 1870. The tube can be as
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long as you like, and thus it became possible to separate the key-
boards from the pipework. Because it is possible also to use the
pneumatic motor, as it is called, to replace any of the trackers, not
just those between the finger and Barker’s lever, the organ could
be dispersed, scattered round the church, with the big pedal pipes,
which had now reached 64 feet in length which, with the foot, is
much the same length as a cricket pitch, sounding an octave lower
still, placed in the dome, as at St. Paul’s, in the triforium, or wher-
ever else room for them could be found. In addition, because the
pneumatic motor could be made as powerful as was necessary,
air pressure could be raised to such an extent that pipes had to be
wired down into their sockets to stop them from lifting off like
moon rockets.

The final stage in these mechanical advances was the electro-
pneumatic action, where the tubular part of the action was re-
placed by electricity travelling down wires. We have all fallen
over the massive cable trunk, encased in flexible steel tubing,
which links the console (the keyboards as a separate desk) with
the rest of the organ. The electro-pneumatic action had the dual
advantage of allowing the organist to sit wherever he wanted to,
even in a different building, and removing some of the sponginess
from the feel of the action. Playing a tubular-pneumatic organ is a
bit like fingering a violin or a woodwind instrument through a pil-
low, whereas electro-pneumatic is a bit more immediate. Electro-
pneumatic action nevertheless overcame only some of the delay
inevitable in any pneumatic action; the motors take a perceptible
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fraction of a second to function, and the puff of air takes quite
a while, in musical terms where we can easily play 32 notes per
second (demisemiquavers at crotchet 60) or even more, to travel
down the tube. Electricity goes down wires pretty well instanta-
neously, but you still have a pneumatic action at the other end.
This is why the latest development in organ building has been a
return to the original tracker action which, with all its other disad-
vantages, is at least immediate, with a positive feeling of contact
with what goes on.

Now, where does the Industrial Revolution come into all this?
It comes in two areas. The first is the mechanical. These devices
that we have detailed are all pretty complex. They depend, work-
ing backwards, on the development of electricity, on the devel-
opment of suitable materials to make the tubing, and on all the
small parts involved.

The second is the social. After all, if you have a village church
and you want an organ for it, a small tracker machine works fine.
It’s the big city churches and the big city concert halls which need
the big organs which need all this mechanism. I'm not saying
that such developments were not inevitable; St. Paul’s was a big
city church long before the Industrial Revolution, and so was the
Thomaskirche in Leipzig, where Bach worked. But the spread
and the number of such churches increased enormously with the
movement of population into towns which followed the Industrial
Revolution. What came with it as a new development was the
Town Hall organ, like ours here in Oxford, like Leeds, which was
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a famous one, and what was in some ways the best-known of all,
St. George’s Hall in Liverpool. The organist there was W. T. Best,
and he gave regular recitals, playing not only the organ repertoire
which grew to suit this type of organ (Liszt, Bruckner, Reger,
Saint-Saéns, César Franck, Messaien, to name a few composers at
random), but he also played all the standard orchestral repertoire,
overtures, symphonies, the lot, and a good deal of chamber music
repertoire, Beethoven string quartets and so forth. There was no
Radio Three in those days, no recordings, few orchestras, and
not much in the way of public concerts. Mostly, if you wanted
music you made it yourself, or you went to hear the band on the
bandstand in the park (we’ll come back to bands later on in this
series), or you went to hear Best at St. George’s Hall or whoever
was doing much the same job, if less famous, in your local hall.
The nineteenth century brought about a further change in the
design of organs, with the invention of stops, designs of pipes,
which would, more or less convincingly, imitate the sound of or-
chestral instruments. This is not to say that string tone and so
forth had not been used before; it had, of course, and flute pipes
and trumpet stops were well known in the Baroque — the Trum-
pet Voluntary was written for the trumpet stop on the organ in
imitation of the real thing, which is why the Clarke (or Purcell,
or whoever wrote it) Voluntary, like several others, has a mid-
dle section which uses notes which can’t be played on the natural
trumpet. But these imitations got nearer to the real thing, just
as in our own time the synthesizer has got nearer and nearer to
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the real thing. Again like even the newest synthesizers, it was
still quite a long way off, but if you'’d never heard a symphony
orchestra or a string quartet, this was not too serious a problem.

One result of all this was that hardly anybody was still build-
ing tracker organs. Even the small church organ was now fully
mechanised, and therefore pretty expensive. This might be OK
in most villages where there’d be at least one fairly wealthy fam-
ily who would stump up for a new organ. One should remember
that the life of an organ is pretty short; it needs renewing every
75 to 100 years, and anyway most English villages had lost their
organs during the Commonwealth even if they’d managed to keep
them through the Puritan campaigns of the Elizabethan period.
The poorer village, however, depended on a small organ and, if
no one could play the thing, on a barrel organ which only needed
someone to turn a crank at a regular speed (that’s harder than you
might think). This would have a wooden cylinder with pins in it
to raise levers to open the pallets. The pins have to be properly
placed, but this is a job that can be done with a ruler, and one
simply bought the organ complete with a set of barrels for the
hymns that one preferred.

Even barrel organs were not as cheap as one might wish, for
pipes are expensive, and even the smallest barrel organ had to
have a couple of dozen or so, and barrel organs were, of course,
limited in repertoire. A new hymn meant a new barrel, and if, as
quite often, you had several hymns on each barrel, it meant that
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their length was fixed; it was four verses or nothing. You could
not leave one verse out or add another.

It may seem odd to say that the Industrial Revolution inspired
religion, but it did. The various chapel sects, Non-Conformists,
Dissenters, and so forth, flourished in the new towns and cities,
fuelled often by the working men’s clubs and classes with their li-
braries which brought new ideas and education to people who had
had no opportunity for either before. Sometimes these sects had
access to money and could build places like Westminster Central
Hall, which has a cathedral-size organ (and an echo worse than
the Royal Albert Hall), but far more often often they could only
run to a small building, built by the pennies of its worshippers.
Even a barrel organ was often beyond them.

The answer was a reed organ. The true organ reed was prob-
ably known in the fifteenth century and certainly by the end of
the sixteenth. It had a brass reed like the cane reed of the clarinet
which beat on the edges of the shallot on which it was mounted,
and a pipe as a resonator. The free reed, which is so-called be-
cause a blade of brass, later of steel, vibrates freely to and fro in
its slot and doesn’t beat against anything. This came into Europe
through Russia, initially on the sheng, the Chinese mouthorgan. It
was used in some eighteenth-century East German organs to give
an extra rank or two, and there were several ranks of free reeds
in the very large organ of Leeds Town Hall, already mentioned,
which when built by Gray and Davidson in 1857 with Barker’s
levers, had 6,500 pipes down to 32-foot plus the free-reeds which



The Organ 25

also go down to 32-foot. It is now electro-pneumatic with a de-
tached console which, I think, goes up and down on a lift like a
cinema organ.

Later the free reed was normally built into a much smaller
instrument. The harmonium, which blows the air past the reeds,
was invented by Debain in Paris in 1840, and the American or-
gan, so-called because it was much the more popular there, and
which sucks the air past the reeds, a rather more stable process,
was invented, also in Paris, by Alexandre. An instrument with the
capacity of as many stops and ranks of reeds as those of the pipes
of the range of quite a large church organ can be built into a case
no larger than an upright piano, and cost less than the piano be-
cause the reeds were cheaper than strings and the mechanism was
simpler. There were no pipes; the reeds were all that was needed
to make the sound. Because the reed, a steel tongue in a brass
frame, was small and took little space (a 16-foot reed for a har-
monium can be smaller than my little-finger), instruments such as
these were cheap enough for any chapel, however small and im-
poverished, and also for many parlours in the days when people
were religious enough to have family prayers at home. Not just
at home, either; portable harmoniums could be used by a street
busker (we have one in the Bate), and similar instruments were
used for revivalist services on street corners.

Nor were reed organs just for religious services either. Berlioz
in his Treatise on Orchestration says that Alexandre’s American
organ is ideal for theatres and small opera houses.
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Nor just for serious music of any sort. The free reed, being
small, can be built into many portable instruments, from mouthor-
gans to squeeze boxes of all sorts. One of the inventors of the
mouthorgan was Charles Wheatstone, the leading scientific in-
ventor of his day, who was responsible for many developments
in the use of electricity. He also invented a form of mouthorgan
and the concertina, and for many years his firm made and sold
concertinas, which were one of the most popular instruments of
industrial urban life, as well as taking the place of the rustic pipe
and tabor. Its big brother, the piano accordion, is thriving in all
sorts of musical contexts. The larger accordions almost rival the
harmonium in scope, for although they have short keyboards, they
have a variety of stops to play up or down octaves, and although
the keyboard is only for the right hand, they have a large range of
chord buttons for accompaniment, each of which admits air to a
group of three or four reeds.

Thus the Industrial Revolution not only made many of the de-
velopments of all types of organ possible, it also made them nec-
essary, and especially did it influence instruments deriving from
the organ or designed to replace it. If, as one might, one consid-
ers that the Revolution is still with us today, then we can see also
the tremendous process in our time of the electronic keyboard in-
struments, both those which have replaced the organ in so many
places (and rather more expensively than the harmonium) and
those which are used in other contexts.
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One of the results of the Industrial Revolution as it progressed
was the greater mechanisation of production, so that where ini-
tially it demanded, and attracted, vast numbers from the fields
into the mills and factories, later it threw many of those people
out of work, replacing people by machinery, just as computer
controlled machines are now replacing people in so many of our
factories. Similarly, the synthesizer started to replace musicians
in the orchestras, and the Musicians’ Union has tried to play the
role of the Luddite, attempting to ban its use where it puts a mu-
sician out of work. As a good Union member, and professionally
a percussion player, I object to the use of the drum machine my-
self, but luckily so do most other people because one doesn’t often
want to play along with a metronome. Because the synthesizer is
now coming of age and, instead of spending all its time imitating
real instruments which can still do the job better, it is creating
new sounds and new ranges of sound, no ban will ever succeed,
and in fact we seldom go into the studio without seeing at least
three or four of the things.

Being an electronic ignoramus, I don’t intend to go into any
detail of how the things work. I am more interested in how they
were, and are, used, and their musical effect. Certainly, in their
early days, they were mostly used as imitators. First, with the
Hammond organ for example, they were substitute organs for
churches, and also the home, just as the harmonium had been.
Then, with the Moog, they were imitating other instruments —
“Doesn’t this sound like a harpsichord?” was the cry — the an-
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swer was “No, not very”. Then we got the machines which in-
cluded recorded snippets of every sound that an organ could make,
and which put these sounds out again on demand, sounding rather
more like a real pipe organ, but still not exactly. With the im-
proved synthesizer, imitation really came into its own as long as
you forgot just what a human player could do with the real instru-
ment, and usually just how one note linked to another, which is
something that the electronic instruments have never been good at
imitating. But this was really playing, in the toy sense, and while
the synthesizer and other electronic instruments are still useful
in the Palm Court or equivalent places where it is useful for one
player to be able to substitute for a variety of other players, on
the whole the synthesizer has put its childhood behind it, and is
now being used as an instrument in its own right, a role which is
only limited by the imagination of the player.

There is, too, one real value in its role as an imitator. Just as
the Industrial Revolution brought the piano into so many homes
in the last century, so the electronic keyboard has gone into the
homes of our time. It may spark off a musical revolution, too,
for the domestic piano had gone out of fashion, and many homes
were without an instrument in the middle years of the twentieth
century that now have one again. We may, once again, see the
revival of music-making in the home which was such a feature of
the nineteenth century.



3 The Piano

The first trace of the piano, by which I mean a string instrument
struck with hammers by a keyboard mechanism, comes in about
1440 in Arnault de Zwolle’s manuscript in the Bibliothéque Na-
tionale in Paris (there is a facsimile, edited by Le Cerf and La-
bande). He explains that the dulce melos, a form of psaltery or
hammer dulcimer of that period, can have a keyboard and either
have its strings plucked like a harpsichord or struck with a form
of hammer, which can be seen on the extreme right of Arnault’s
harpsichord plan. Because there is no other evidence for this in-
strument — nobody else describes it in writing and nothing like
it appears in any other illustration of the period — it is generally
assumed that it was unsuccessful. The reason for its lack of suc-
cess is fairly obvious. If you pluck a string with a quill, the quill
passes the string at the instant of pluck and the string is left free
to vibrate. If, on the other hand, you strike it with a hammer,
the hammer stays briefly in contact with the string and blocks it,
deadening the sound, unless you can build in some mechanical
equivalent of the human relaxed wrist.

The mechanical relaxed wrist, the escapement as it is called,
was not invented until just before 1700, when Bartolomeo Cristo-
fori devised his gravicembalo col piano e forte, a harpsichord with
soft and loud. The fascinating thing about Cristofori’s invention is
that he had devised the lot — it was not a question of adding im-
provements, over the next century or two, to make his instrument
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work properly, but of rediscovering and reinventing all Cristo-
fori’s devices which the next generation of makers were too lazy,
too ignorant, or working too cheaply, to fit in their instruments. It
was not until the nineteenth century that the increasing weight of
hammers and the increasing string tension and mass meant that
new devices were really necessary.

There are only three of Cristofori’s instruments surviving:
one in Rome, one in New York, and one in Leipzig, and each
is slightly different mechanically. In the 1726 piano in Leipzig,
the last of the three, the escapement is achieved through the jack
and the block under the intermediate lever, which slip free from
each other. One of the other problems of the piano, once one has
devised a way of separating the hammer from the key so that it
can escape and fly freely, is the tendency of the hammer to bounce
up and down as it falls back, and have a second or even a third
crack at the strings. This is prevented here by the check, which
the hammer falls back against — the friction between the two is
enough to kill any bounce.

Another problem, with any horizontal piano pattern, is the
tendency for the hammer, as it strikes the strings from below, to
knock them upwards and dislodge them from the nut, the cut-
off bar which defines their length at the nearer end, that near-
est the hammers. Cristofori avoided this by inverting the wrest
plank, which carries all the tuning pins. Instead of the tuning or
wrest pins sticking up from the wrest plank, they were driven right
through it so that the strings could be attached to the lower end of
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the pin, and the nut was also on the lower face of the plank. Thus
the hammer seated the strings more firmly on to the nut instead
of lifting them off. The nut cuts off the vibrating length of the
strings at the far end, and beyond that the hitch pins on their own
rail or plate have the end of the strings round them.

His design of the hammer itself went through various stages.
The 1726 pattern, a roll of parchment with a soft leather pad,
which is both springy and efficient, was the model for several later
makers. He also provided an efficient damper system, using a
device rather like a harpsichord jack which was pushed up by the
tail of the key and which fell back when the key was released
to stop the vibration of the string. There was no damper lift (or
loud pedal) because changes of sonority were not a custom with
Italian harpsichords; they did not usually have stops to vary the
sound like Northern European instruments.

Cristofori also realised, or perhaps discovered, that hammer-
ing does not really suit the light strings at the comparatively low
tension which was characteristic of the harpsichord, and it is as-
sumed that he must have used either heavier strings or higher ten-
sion, or maybe both, because, unlike the harpsichords of his pe-
riod, he provided spacing bars across the gap between the wrest
plank and the soundboard — there must be a gap so that the ham-
mers can come up and strike the strings, just as the harpsichord
had a gap where the jacks were. With increased tension, there is a
tendency for the wrest plank to be pulled towards the soundboard,
or vice versa, especially with the very light casework typical of
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the Italian harpsichord, which would jam the action, and indeed
this was the main bug-bear of piano makers until, as we shall see,
the invention of the complete iron frame by Babcock in 1825.

Accounts of this instrument reached Germany from Matthe-
son’s translation in 1725 or so of a somewhat cursory description
and drawing of Cristofori’s first model by an Italian journalist,
Scipione Maffei, and Gottfried Silbermann started making pi-
anos based on this in the 1730s. He showed one to Bach, who
liked neither the action nor the sound. The hammer here is a solid
block, which probably made too hard a sound, and the check is a
pair of crossed threads, which would not be very efficient. There
is no intermediate lever between the jack and the hammer, and
this would reduce the speed and force of the hammer. An im-
proved design, probably based on having seen a Cristofori instru-
ment rather than relying on a poor drawing and a second-hand
description, was more successful and this was bought by Freder-
ick the Great, where both J. S. Bach and C. P. E. must have seen
it in his music room. Silbermann provided two hand stops to
control damper lifts, splitting them at middle C so that one could
have either the bass or the treble free, or both, and also a una
corda. The una corda pedal or lever shifts the keyboard slightly
sideways so that the hammer strikes only one string instead of
both of them. The split damper lift remained a common feature
on many later eighteenth-century square pianos, as can be seen in
the Bate Collection.
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The French harpsichord maker Marius is sometimes credited
with producing a piano between Cristofori’s and Silbermann’s,
but his instruments were never successful because they had nei-
ther escapement nor dampers; his first model had the hammers
fixed to the keys so that it was little more than a clavichord with
hammers instead of tangents, a type of instrument sometimes
called a tangent piano, and would depend on the player releas-
ing the key very quickly, with a very staccato action, to avoid
blocking.

One reason that Cristofori’s, and Silbermann’s, pianos were
not widely popular is that they allowed a keyboard instrument
to do something which was not really needed, for their essential
quality of expressiveness was not yet widely required. This is
probably why a number of the Cristofori pianos, which had been
bought for the Spanish Court, were converted into harpsichords
after a few years, and why so few survive. Later in the eigh-
teenth century, from 