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Foreword 

The purpose of this book 
This book is the successor to another of the same name which was 
first published by Methuen in :1949. There was a second edition in 

195r, but I made very few a.lter:ations in it. The present book is still 
the same in many ways, but I have taken the opportunity not only 
to revise it but to rethink it wherever my views have matured with 
the passage of the years. In pa11t, therefore, it is a new book. 

My intention has not changed .. I want to give answers to questions 
which many people like myself may need or have the curiosity to ask 
about the mechanics underlying the art of music. I want to give 
answers systematic enough to provide a text-book for colleges of 
music, universities and senior forms in schools, yet straightforward 
enough for lovers of music who are not proposing to make a pro­
fession of the art nor a special study of acoustics. 

I want to start at the beginning. I want to mention all the important 
musical instruments in current \~estern use, but not simply in terms 
of what they are and what they sound like. I want to start by asking 
why they sound at all; and after that, why they sound so fascinatingly 
different from one another. Why does an oboe look and apparently 
handle so very like a clarinet, yet sound so very unlike ? I can explain 
how an oboe works and how a clarinet works, but not very satis­
factorily unless I have already explained how a wind instrument 
works, and bow any instrument works, and how sound works. It 
is more economical of effort in tlhe long run to start with the under­
lying principles through which tone-colourings are produced, and 
then go on to the principles through which they sound different. 

As before, I have confined mys.elf to instruments which my readers 
are most likely to come across i.111 practice. I have made no mention, 
except in passing, of the magnificent variety of instruments used 
currently in the East, or anciently in any part of the world. This is 
not because they are less worthy of attention, but because they a.re 
less likely to be encountered by a modern Western reader. An 
enormous amount of special knowledge is needed to do them justice, 
and an enormous amount of space, neither of which have I got at 
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xiv FOREWORD 

my disposal. I have mentioned a few books in my Bibliography 
which will give a start to any reader interested in following up these 
special subjects. 

On the other hand, when an early Western instrument has been 
or is in course of being revived for its practical utility in music 
composed with its own particular characteristics in mind, I have 
not treated it as a special subject in any way. I have simply brought 
it in wherever it belongs in virtue of its structure and technique: 
the viols with the violins, the harpsichord and clavichord with the 
piano, the recorders with the flutes, the shawms with the oboes, 
the cornetts with the horns, and so forth. I am glad to say that 
some newly revived instruments which I included rather hopefully 
a dozen years ago, such as the shawms and the cornetts, have 
justified my hopes by attracting much more serious attention from 
modern makers and players than they were actually doing at that 
time. 

Another development which I vaguely foresaw but with which I 
have not been so successful in keeping up is the development of 
electronic instruments. This has certainly become a special subject, 
and a most important and expert one. Most reluctantly, I shall have 
to treat it as one, leaving it in the main to those who are experts in 
the field, which I am not. But it would be misleading to ignore it, 
and I am including, as before, a brief and general explanation of its 
working principles. 

Also as before, I am winding up with two chapters on the con­
nection between instrumental tone and technique, on the one hand, 
and musical mood and structure, on the other hand. These chapters 
are also on quite general lines, but for a different reason: a thorough 
study would be not only disproportionately lengthy but out of place 
in the present book. All I want to do here is to start trains of thought 
in my readers' minds: and above al], the train of thought which I 
absorbed so thoroughly in my own apprentice days under Arnold 
Dolmetsch. This is that music and its instruments are inseparably 
connected; with the practical corollary that if we want to make the 
best and most enjoyable use of any music in which we are deeply 
interested, whether early or new or somewhere in between, we must 
make up our minds to perform it as far as we are reasonably able 
on its own original instruments, handled in accordance with their 
original technique and style. 
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PART ONE 

HOW sou:ND WORKS 

I· The Raw M.aterial of Music 

What is the raw material of l~usic? 

Sound is the raw material of music. 
Paradoxically enough, although we always think of sounds as 

reaching us from the outside, so1und is something which only exists 
in our minds. Strictly speaking, s,ound is the name for what happens 
to us mentally when certain physical events occur within range of 
our hearing faculties. 

These physical events are sound-waves. The term sound-waves, 
however, is itself a little misleading. We are apt to think of the waves 
of the sea, which undulate up and down in various more or less com­
plicated ways according to the conditions of wind and current. 
Sound waves are also more or less complicated. But they do not 
undulate up and down. They cointract and expand in and out. 

A more scientific term is sound-vibrations. All more or less elastic 
substances are capable of springy contraction and expansion: that is 
what calling them elastic means .. Some elastic substances are more 
springy than others. We can impart energy in the form of vibrations 
to a sufficiently springy substan,ce, for example by hitting it. This 
compresses it; but some of the energy will recoil again, like a 
bouncing ball. These repercussions will not die out until the energy 
has been absorbed and no more is being supplied. When the reper­
cussions are fairly long-lasting of their own accord and sound results, 
we call the substance resonant. 

Rather surprisingly on first thoughts, air is an elastic substance 
capable of resonance. Since both we and other objects are nor­
mally surrounded by air, repercussions in suitable objects transmit 

I 



2 HOW SOUND WORKS 

themselves to this surrounding air, and if we arc not too far away, 
these repercussions reach our ears. If we are too far away, the 
energy becomes dispersed before it reaches us. 

Such repercussions are sound-vibrations. When sound-vibrations 
reach our cars, we feiel them through the response of our aural 
nerves, and this response as our mind experiences it is sound. 

Frequency and pitcb1 
Any repercussions, within certain limits, may give us the sensation 
of sound, and can therefore be described as sound-vibrations. The 
primary limits are limits of frequency and of length. These two 
factors of frequency and oflength are interconnected. The reason is 
that under ordinary co1nditions the speed at which sound-vibrations 
travel is always virtually the same: about twelve miles a minute. 
Thus if the sound-vibrations are shorter they will have to be more 
rapid to keep up this virtually uniform speed. If they are longer 
they will have to be less rapid. We have only to think of two men, 
one with short legs and the other with long legs, walking com­
panionably side by side. The short-legged man will have to take 
more steps in a given time if he wants to keep level; and the long­
legged man, fewer steps. 

When vibrations are too long and slow, and likewise, at the other 
extreme, when vibrations are too short and rapid, our hearing 
faculties are not capable of responding to them, and we have no 
sensation of sound. In this event, and again in the event of too low a 
level of energy reaching our ears, from our point of view there is no 
sound, although there may be vibrations which some scientific 
instrument may be quite capable of recording. 

One way of describing this would be to say that although there are 
vibrations we are not ,experiencing them as sound-vibrations. But 
there is no scientific line of division which marks sound-vibrations 
off from vibrations in general. The limits are set by our bearing 
faculties; such limits vary quite widely between different individuals, 
and still more widely between different animals. 

Scientists distinguish vibrations by their frequency. This means the 
frequency with which tlhe vibration proceeds away from the point of 
balance; returns to the· point of balance; proceeds away from the 
point of balance again, but in the opposite direction; and returns 
to the point of balance: again. This reciprocal or double vibration 
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1 one cycle: and the frequency is measured in vibration competes . ) cl per second (v.c.p.s. or mo:re briefly c.p.s .. 
cy T:e higher the frequen~, the higher the pitch; and the lower the 
fr uency the lower the pitch. 

efhe lo\;est pitch human ears can hear is about 20 c. p.s: ( the lo';est 
standard note of the piano is some 27 c.p.s.). The highest pitch 

h 
ears can hear is about 20,000 c.p.s. (not far above the squeak ~an b akin) f bat· but few older people can any longer hear a at sque g. 

~ ;og ~J hear, and obey, a whistle pitched too high for any human 
cars to hear at all. 

The lowest notes of a very big organ are believed to be too low to 
be directly audible, though they may make an indirect contribution 
to the sound, and their ponderous vibrations can be felt in our bodies 
as a throbbing pulsation. A railway engine letting off steam may 
produce vibrations above the highest humanly audible pitch, though 
they can be felt as an uncomfortable sensation in the ears. 

The point here is that frequency is the factor determining pitch. 

Noise and tone 
All tone is sound, but not all sow1d is tone. Sound which is not tone 
is usually described as noise. 

The sound-vibrations which re·sult in noise are those of which the 
frequency never settles down to any regular periodicity, but is 
inherently erratic. We may get a vague sense of pitch, but too 
indeterminate to pick out as definite tone however momentarily. 

The sound-vibrations which result in tone are those of which the 
frequency settles down at least momentarily to a regular periodicity. 
We get a definite sense of pitch even if it is continuously on the 
move, like the tone of a siren when it is gathering or losing speed: 
i.e., in music, a glissando. 

Music chiefly uses tones of definite pitch, though some percussion 
instruments such as kettledrums include both regular and irregular 
vibrations in deliberately audible strength, while others include very 
little regular vibration at all, but are sheer percussive noise. 

Apart from the deliberate use of noise in music, some unwanted 
noise is unavoidable: fingers thudding on fingerboards and key­
boards; piano or harpsichord actions; key actions on wood-wind; 
etc. But in practice these arc much fainter than the other extraneous 
noises of a concert room: chairs being moved; music-pages and 
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programmes being turned; some people coughing and others 
whispering; and various noises from outside. 

Some unwanted tone occurs: but unless this by some mishap 
becomes loud enough to hear as squeaks on strings, squawks on 
reeds or cracked notes on brass, its extent is negligible. 

Here the point is that irregular vibrations produce noise but 
regular vibrations produce tone. 

Pure tone and compound tone 
Every musician likes to think that he is producing a pure tone. 
What he means by this is a tone in which only the desired vibrations 
are occurring, but these as freely as possible. In aiming at this he is 
right: it is the secret of good tone-production. But strictly he is 
using the wrong name for it; for good musical tone is always in 
some degree compound and not what a scientist could describe as 
pure. 

In the strict and scientific sense, pure tone is tone produced by the 
vibration of the sounding substance in one entire piece and in no 
other way. This gives a tone of the frequency which we perceive as 
the note, and of no other frequency. 

A tuning fork is specially designed to give ( once the preliminary 
high-pitched jangle produced by striking it has died down) a sub­
stantially pure tone. Blowing gently across the top of a bottle will 
give a fairly pure tone. Sounding a tuning fork across a bottle partly 
filled with water until its note corresponds to the tuning fork will 
give a very pure tone. It sounds like a cool, cooing 'oo': a nice sound, 
but we should soon get tired of it. The B.B.C.'s tuning signal on 
the note a' = 440 (the present, internationally agreed standard of 
pitch) is broadcast as a pure tone, and will be received as such if the 
set is good enough and is kept at low volume to avoid distortion in 
the ear. It is not very like any sound we hear in ordinary music. 

The nearest sounds to a pure tone in ordinary music are low, soft 
notes on the flute and some organ stops. They are by no means 
entirely pure; but they are pure enough to make their own special 
effect of transparent innocence. They stand at the coolest extreme 
of musical sonorities, and very beautiful they are when imaginatively 
used. Even so, they must not be heard for too long at a time, since 
if they are, they will come to seem exceedingly monotonous. 

Monotonous is a very accurate word for it, since the whole point 
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t ne is that it is literally 'one-toned'. The notes heard in 
about pure o ' d' d fi th . , usic are never absolutely one-tone , an or e most 
0~~i :e very far from that pale and undesirable ideal. The notes 
p d • dinary music are all more or less made up of compound 
hear ll1 or . . 

That is what makes them 1Uterest10g. 
toneif. can find a length of wire fencing neither too tight nor too 

you h. . 'bi 'b . 
I ck

·" the purpose, twang it sharply and watc its vis1 e v1 ranons 
S a .LO! · wilJ ' 

th same time as listening to the resulung sound. You certainly 
at e 'b . fr 'd 'd see tbe whole length between the posts v1 ratmg om s1 e to s1 e. 
These whole-length vibrations will be producing a tone which you 

will blear as a note. 
If that were all, you would be hearing a pure tone. But it is not 

all. You may quite probably be able to see that shorter lengths of 
the wire are also vibrating on their own account. These part-length 
vibra1tions are superimposed on the whole-lengtl1 vibrations. Each 
different lengtl1 of vibration will be producing an additional pure 
tone which is combining with the others. The combined product 

is a compound tone. 
The pure tones which combine to produce a compound tone are 

called its partial tones or partials. In the ordinary course of events, 
we cio not hear them as distinct notes each in its own right. We 
only hear the lowest partial as a distinct note. We hear all the upper 
partials as tone-colouring. 

The lowest partial is called the first or the prime or (most 
coIOD11only) the fundamental. The upper partials may be regular or 
irregular: if they are regular, they are called harmanics; if they are 
irregular, they are inharmonic, and should strictly be referred to not 
as ha.rmonics but simply as partials. It is, however, quite correct and 
common to call harmonics by the more general name of partials. 

Pitch depends on frequency: the whole-length vibrations, being 
the longest, are necessarily the slowest; therefore they yield the 
lowest partial (i.e. the fundamental). But the part-length vibrations, 
being shorter, are necessarily more rapid; therefore they yield the 
upper partials, in ascending order. 

Wlbat we ordinarily hear in music is a note at the pitch of the 
fund:amental but coloured by an assortment of upper partials. The 
sound-vibrations are a combination of those yielding the funda­
ment:al and those yielding the upper partials. It is this combination 
which is called a compound tone. 
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In a choppy sea we may notice small waves superimposed on 
large waves, and smaller wavelets superimposed on small waves. 
These are not 'sound-waves', and as already mentioned, sound­
vibrations do not have the physical shape of waves at all; but the 
comparison may give us a mental picture of how smaller movements 
may combine with bigg,er movements to result in compound move­
ment. 

The Natural Harmonic Series 

The vibrations of most musical instruments are substantially regular. 
When this is the case, the ascending order of partials works out as 
follows. 

The whole-length vibrates at the frequency we hear as the distinct 
note in question. 

The half-length simu~taneously vibrates at twice the frequency, 
giving the octave above .. 

The third-length simultaneously vibrates at three times the 
frequency, giving the twelfth (octave plus fifth) above. 

The quarter-length simultaneously vibrates at four times the 
frequency, giving the double-octave (octave plus octave) above. 

The same proportions continue (in so far as energy is going into 
the harmonics) up the arithmetical progression 1 : 2: 3: 4 . .. 

This is called the Natural Harmonic Series. Each individual tone 
in the series is a pure tone. But any combination of these individual 
tones is a compound tone. 

The use of the term h:armonic in this connection must be carefully 
distinguished from other uses directly or indirectly derived from it, 
as for example when violinists and others describe as harmonics any 
notes especially produc,ed by inhibiting the fundamental, etc., by 
methods to be mentione:d in due course. In the present connection, 
it may be helpful to point out that the term harmonic did not arise 
historically out of any connection with harmony in the musical 
sense. It arose from a previous method of calculating the pitch of 
harmonics not by doubling frequencies (as above) but by sub­
dividing string-lengths in the proportions 1, ½, ¼, ¼, etc.: which is 
what mathematicians calJ a harmonica! progression. 

In addition to the regular partials of the Natural Harmonic Series, 
there can be inharmonic compounds of which the partials, though 
regular in themselves, are in irregular relationship with one another. 
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An excellent example of such ~ inharmforufin·c seb.rie
1
s
1 

of_thpa:tials is to 

fi 
din the beautiful but eene 1tone o a e e , WI its strange 

be oun . d . b 1 th · g and throbbing which oes not seem qwte to e ong to e 
htll1lJllll1 h · · d fi I . . . familiar sounds of music, thoug 1t ts won er u music m its own 

special kind. 
Ali in all, the importance of upper partials to the art of music can 

hardly be exaggerated. It is _true 1th~t ordinarily we o:°1_Y hear ~ne 
artial at a time as the note m question. But the remammg partials i effective operation are not lost on us. We hear them, though not 

ordinarily as separate notes on their own right. We hear them as 

tone-colouring. 

Upper partials the source of to,ne-colouring 

By various kinds of mechanical or electrical apparatus, curves can be 
recorded which plot the behaviour of sound-vibrations. Specimens 
of such curves are given in Figs. 1-16. 

The reader must not be misled by the fact that these curves show 
wave-like outlines. They do not depict the shape of the sound­
vibrations; they depict the extent and relationship of the displace­
ments occurring in the sound-vibrations. These displacements occur 
longitudinally: they are in fact in and out displacements. In order 
to record them two-dimensionally on paper, they are translated into 
lateral curves: they are shown wader the convention of up-and­
down displacements. Once this cornvention is understood, the curves 
give an extraordinarily graphic representation of what is actually 
happening. Graphic is the operative word. They are a species of 
graph. 

Fig. 17 is not a species of graph, but also corresponds visually to 
actual sound-vibrations. It shows the pattern produced on the sound­
tracks of films by the sound-vibrations in question. 

The following points are worth :special attention. 
Fig. I shows the plot given by :a single pure tone: the outline is 

simple and regular. 
Fig. 6 shows the not much less simple and regular outline given 

by fairly pure tone from a flute. 
Figs. 7-12 show more complicated outlines which at first sight 

appear to be irregular. The instruments shown are all such as throw 
much more energy into their uppe.r harmonics than the flute. Their 
tones are therefore much richer ,:ompounds. The distribution of 



Fig. 6. Flute (nearlly pure tone) 

Fig. 2. Integrated curve: just chord on four tuning forks 
Fig. 7. Clarinet (mainly odd harmonics) 

Fig. 3. Tempered chord on four tuning forks 

Fig. 8. Oboe 

Fig. 4. Beat tone produced between two tuning forks 

J 

Fig. 9. Saxophone 

Fig. 5. Prelirninary high jangle of tuning fork (Figs. I-9 from Miller: Sound Waves ,(The Macmillan Co., New York)) 



Fig. ro. French horn 

Fig. rr. Trombone 

Fig. 12. Violin 
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Fig. 13. Piano (N.B. This pattern does not repeat quite exactly, showing 
that the vibrations are not quite periodic, hence that the partials are not 

quite harmonic) 
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(Fi:gs. 10-16 from Miller: Sound Waves (The Macmillan:co., New York)) 
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(a) Solo harp playing C major chord 

········· ····· ································· .... ::: .. 
(b) Solo clarinet playing C 

(c) Solo trombone playing C 
Fig. 17. Visual counterpart of sound-waves on sound-track of film 

Specially recorded by the Crown Film Unit, and supplied by Films Division 
C.O.I. (R.C.A. Recording System) ' 
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Fig. 18. First twenty-one harmonics of C 

this energy among their upper harmonics, however, is not the same. 
Therefore their plots look different. This represents visually the 
acoustic fact that their tone-colourings sound different. 

On analysis, what appear to be irregular outlines can be shown each 
to be the product of numerous smaller outlines. These smaller out­
lines are regular in themselves. They are superimposed to produce a 
combined outline of the kind which mathematicians call an integrated 
curve. This represents visually the acoustic fact that the partials of a 
compound tone may themselves be pure tones. They ordinarily are 
with most musical instruments. 

With these compound tones, the biggest curves represent the 
slowest but longest vibrations: i.e. the fundamental. The smaller 
indentations represent the faster but shorter vibrations: i.e. the 
upper partials. 

In Figs. 6-12 the smaller indentations fit an exact number of times 
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. their big curves, so that the pattern recurs at regular intervals. 
wto · · · di I b h This shows that the v1brauons arc peno c. n sue cases, t e upper 

artials are harmonic, following the ascending intervals of the 
p . s . 
Natural Harmonic enes. 

With bowed and blown instruments, the way in which the supply 
of energy is maintained causes the vibratio~s to r_emain periodic, so 
that the upper partials are all true harmomcs. Fig. 13 represents a 
piano: an inscrum~nt on which the supply _of ene~gy is not main­
raine:d, but interxruttently renewed. There 1s nothing to cause the 
vibrations to remain periodic; and though they would do so of their 
own accord if the string were infinitely flexible, this cannot be the 
case in practice. As a consequence, the upper partials are slightly 
inharmonic. This is represented in Fig. 13 by the fact that the 
smaller indentations do not fit an exact number of times into their 
big 1:urve, so that the pattern recurs a little differently each time. 
The difference is not great; the pattern is still substantially regular. 
The:re is not enough irregularity for the ordinary listener to 
notice. 

A comparison of Fig. 17(b) with Fig. 17(c) shows visually that 
two different instruments may distribute energy differently among 
the partials of the same Natural Harmonic Series: in this case the 
series arising from the fundamental C. Fig. 18 shows in musical 
notation the pitches of this Natural Harmonic Series as nearly as 
our :normal notation can show them. Many of tl1e higher harmonics 
do not stand exactly at the pitches required by our customary 
scale-tunings. 

We are now in a position to answer the fascinating question 
why different musical instruments sound different in their tone­
colouring. 

The flute (Fig. 6) is particularly weak in upper harmonics; very 
little: energy goes into colouring the tone, which therefore sounds 
almost literally transparent. 

The clarinet (Fig. 7) has acoustic peculiarities which starve 
alter~ate (even-numbered) harmonics of energy; it is substantially 
depnved of half the normal series; the tone therefore sounds almost 
literally hollow, though not transparent. 

The oboe (Fig. 8) pours plenty of energy into a rich supply 
of upper harmonics, many of them rather high; it has not 
tbe peculiarities which substantially deprive the clarinet of the 
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even-numbered harmonics; the tone is richly colourful, but with a 
nasal edge to it which is extraordinarily poignant. 

The saxophone (Fig. 9) pours much more of its energy into the 
lower harmonics; it has a sweeter, fatter tone, but less character. 

The French horn (Fig. ro) has a long range of upper harmonics 
well supplied with energy; its tone is warm and poetic, but can be 
given a sharp cutting edge. 

The trombone (Fig. II) and still more its very close relative the 
trumpet (not shown), have the richest possible complement of upper 
harmonics, and therefore: the most brilliantly coloured tone. 

The violin (Fig. 12) ha1s an ample but not an extreme complement 
of upper harmonics, of which the energy is given a distribution so 
felicitous that of all tones in music this is the one least liable to 
surfeit the ear. 

The piano (Fig. 13) has basically a somewhat neutral tone of 
which the lowest few harmonics receive most of the energy; but 
when allowed to gather :resonance by the lifting of the dampers, it 
can build up a very cololllrful assortment of upper harmonics. 

We shall have many other factors to take into account when we 
come to consider these .ind other instruments individually: factors 
including not only the harmonic content of the tone but the tech­
nical means of varying i1t and articulating it. The above statements 
have deliberately been put in the most elementary form in order 
to bring out the present point, which is that every difference of 
tone-colouring, no matter how it is effected and no matter how it 
is articulated, is a difference of harmonic content. 

There are electronic dc!monstration instruments designed to pro­
duce individual pure tones at will, either separately or in combina­
tion, and in any required distribution of energy. The one I heard 
was made by the John Compton Organ Company, who are manu­
facturers, among other things, of electronic organs. To hear pure 
tones added to one another up the Natural Harmonic Series in this 
deliberate way was an unforgettable experience. Upper harmonics 
which in ordinary mus.ical experience are heard only as tone­
colouring could be heard! on this apparatus as a chord comprised of 
distinct notes, up to the point at which perhaps ten or a dozen bad 
been brought in, from the lowest upwards. Those harmonics which 
are not attuned to our normal scale did not sound out of tune. They 
sounded (as indeed they are) in tune on some hauntingly elemental 
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of their own. The chord itself in its higher reaches becomes 
system hi h . din f . 
full of small inter~als w ~ m our or ~ system o mus1: are 
discords. But in th_e1r own literally ?a1mral t~~' they ~ound ne1~~er 
concordant nor discordant, but simJply sausfymg; neither familiar 
nor unfamiliar, but simply archetypal. They sound as we might 
. agine the music of the spheres. 
un Something of this elemental experience, so revealing of music's 

chetypal raw material, can be had without the need for special 
;paratus. Household electric mains in Great Britain supply a 
current alternating normally at 50 cycles per second; this will pro­
duce corresponding vibrations in some ordinary apparatus, such as 
'reflector' type electric fires. We may hear quite loudly a long series 
of natural harmonics. The fundamental in the region of G is 
extremely clear, with the second harmonic an octave above, and 
the third harmonic a fifth above the octave. 

Under favourable conditions, and with a certain amount of 
practice, I have been able to pick out as distinct notes harmonics 
up to the sixteenth: G'; G;d;g;b; d';f';g'; a'; b'; c"; d"; e";f"; 
f" sharp; g". This needs a deliberate act of discrimination in listen­
ing; the moment this deliberate discrimination relaxes, your listening 
reverts to its ordinary condition, and you hear the upper harmonics 
not as distinct notes forming a chord, but as tone-colouring attach­
ing to the fundamental. Even then, however, the fifth of the chord 
and to a lesser extent the major third of the chord may still ring out 
clearly enough to force themselves on your attention. 

Readers who have or come across an electric fire with this pleasant 
habit of humming to itself(and a great many of them do) may find the 
experiment worth making. I have alsci listened to the same result at a 
very impressive volume from a big transformer supplying the electric 
railway not far from my present house. I have been known to go and 
listen to it for a few minutes before retiring to bed, for the sake of 
its strangely tranquillizing effect of serenity and completeness. 

Another demonstration which I heard on the Compton apparatus 
consisted in bringing in harmonics at different strengths. When 
chiefly the first and second harmonics were brought in, the tone 
was most recognizably flute-like. When a strong series of odd­
numbered harmonics only was bro,ught in, the tone was most 
recognizably clarinet-like. It was a cc,nvincing demonstration of the 
basic fact that tone-colourings vary with the varying relative strengths 
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in which individual pure tones of the Natural Harmonic Series arc 
present. 

Fig. 1 g shows bow much closer, and th_ercfore how much more 
mutually discordant the higher harmonics are than the lower harmonics. Serene as the overall effect of the Natural Harmonic Series is and deeply satisfying to our own inner natures, it is an 
undeniable psychological as well as acoustic f~~ tha~ a roughness sounds in our ears and minds as a result of this J'.1°glin~ c~oseness, which gets closer still as the series ascends into aucrotoruc mtervals 
(i.e. smaller than our smallest normal ":1~ical interval, the semi­
tone). We perceive this roughness subliminally rather tb~ con­sciously; but we perceive it. The stronger the lower harmonics, the smoother the effect, and the broader the tone. T~e stronger the higher harmonics, the rougher the effect, ~d the bnghter the tone. 
The more evenly distributed the harmonics (and the more e~ctly harmonic) the sweeter the tone. It is in ways such as these, basically, 
that musical instruments sound different from o~c another .. Tone-colouring is harmonic content; harmoruc content 1s tone-
colouring. 

How does sound-vibration reach the ear? 
Roughly, as pressure waves conveyed to the intervening air. But 
there arc complications. . One is reflection. Those vibrations which travel straight to the ear arrive soonest. Those which strike the ground, or the walls, floor and ceiling are panly absorbed, but panly reflected, a_nd may thus reach 
the ea: by a slightly longer route, arriving a fract1on later. 

In a sufficiently resonant room, sound _ma~ be r:flccte_d -~ack an: forth more than a hundred times before sinking to maudibil1ty. An . ufficiently large room it may be some seconds before the last mfla s . aches the car During that time, therefore, we may con­re ect1on re · d thi · called tinue to hear the sound after its source has cease : s is 
reverberation. . fi light Now curved surfaces focus sound as curved mirrors o~us d ~ causing echoes of disconcerting force, such as those experience the Albert Hall. But even when more evenly distributed, reverber8· 
tion has powerful effects. . th low High sounds tend to lose more energy by absorpuon . an thaJl sounds. A resonant room is therefore kinder to high harmonics 
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an absorptive room. Now high harmonics, as we have already hinted, make for brilliance; therefore resonance makes for brilliance. 

Again, sound in an enclosed space first builds up energy faster than it is absorbed, so that we hear an increasing loudness. Soon, this build-up is balanced by absorption, so that we hear a constant lo·udness. Finally, when the source has ceased, the built-up energy is dwindlingly absorbed, so that we hear a decreasing loudness 
ending in silence. 

Now, in a resonant room, the absorption will overtake the build­
up more tardily; a greater loudness will be built up; its decrease wi.U Jjkewise be tardier. 

Whereas in an absorptive room, the absorption will overtake the build-up more speedily; a lesser loudness will be built up; and its decrease will likewise be speedier. 
There is thus a balance of advantages. For if the room is too resonant, the reverberation time, during which we necessarily hear the old sound overlapping the new, will be so long, and the rever­beration itself so loud, as to reduce the music to confusion. But if the room is too absorptive, the build-up will be so slow and restricted thar players and audience alike will feel burdened by a sense of unavailing effort; reverberation will be so brief as to leave every 

small blemish painfully revealed; and the undue toll of high har­monics wilI rob the music of its proper brilliance. 
We have, in estimating reverberation, to allow for the audience wearing clothes: which, like all thick, soft fabrics, are very absorptive, especially of high harmonics. This is best countered by surfaces of painted plaster or polished wood, which reflect sound weJJ and impartially. The seats, however, should be upholstered, so as to apprnach more nearly the absorptiveness of the audience which is to sit m them: in this way, the disconcerting difference between rehearsing in an empty hall and performing in a full one can be reduced to a minimum. 

On the basis of experience, the best average reverberation time is about one second in a small hall to two seconds in a large hall; but choral and orchestral music can always do with a little more rever­
beration than chamber music. To some extent, this adjustment results automatically from the fact that louder sounds take longer to sink ti:> inaudibility. 

·i ·hc loudness of the source of sound should itself bear some l ,0."1.-B 
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reasonable relation to the hall. Even Menuhin's violin cannot really 

build up sound enough fo,r the Albert Hall; a large choral society 

in a small and resonant hall can build up all too much. 

Apart from absorption, sound decreases in loudness in proportion 

to its distance: not literally because it loses energy; but because the 

same energy is spread over an ever larger area. Luckily, sound travels 

with the same speed at all degrees of loudness used in music (very 

loud noises travel faster). Still more luckily, sound travels with the 

same speed at all pitches: if it did not, we should presumably hear 

the harmonics of a comp,ound tone one after the other, instead of 

simultaneously; and every chord would reach us as successive notes: 

in fact, as an arpeggio. Incidentally, the ear is more sensitive to faint 

high sounds than to faint low sounds; which perhaps explains why 

Menuhin's violin, from the remote gallery of the Albert Hall, sounds 

not only faint, but thin, dlisembodied of its low harmonics. 

When obstacles (such :as the pillars of a cathedral or of an old­

fashioned concert hall) intervene between the source and the ear, 

some of the sound is scattered. 

For light-vibrations arc so small that they are all affected nearly 

equally by any sizable obstacle: though dust floating in the air is 

small enough to scatter th.e shorter, blue vibrations, while permitting 

the longer, red vibrations to pass, thus causing sunsets. But sound­

vibrations are comparatively long, and quite a sizable obstacle may 

scatter the shorter, high-pitched vibrations, while permitting the 

longer, low-pitched vibrations to pass, thus reducing brilliance: 

which is the disappointing audible equivalent of sunsets. It is there­

fore best not to sit behind a pillar when listening to music. 

The speed of sound being only about twelve miles a minute, is 

slow enough to raise a practical problem where a very large body of 

performers is concerned : sound from the most distant performer 

will reach the ear perceptibly later than sound from the nearest 

performer; and the result is inevitably a slight raggedness and 

confusion. 
Sound travels faster through warm air than through cold air. The 

chief practical effect of trus is on wind instruments, which rise in 

pitch as the air inside them grows warmer and vibrates more 

rapidly. Wind players always warm their instruments with their 

breath before a concert: even so, if the room gets very hot, the wind 

goes on rising in pitch; ithe rest of the orchestra, whose instruments 

THE RAW MATERIAL OF MUSIC 19 

e less susceptible to change of temperature, will do its best to 

:now: with awkward results if it includes a piano, which cannot doso. 

In the open air, if there is a cold layer near the ground, and a warm 

Jayer higher up, the more lofty sound-vibrations will travel faster 

than the less lofty ones. This causes what is called refraction: the 

faster vibrations are bent do\lm towards the slower vibrations as a 

marching column wheels when the outside rank marches faster than 

the mside rank. The effect is not unlike that of a speaking-tube: the 

sound travels for far greater distances, because it is no longer 

diffusing energy by spreading upwards, but is concentrated on one 

level. (In the speaking-tube it is further c:oncentrated in one direction; 

even a megaphone has something of this effect. An ear-trumpet is 

the obverse of this principle; it collects sound from a comparatively 

wide area, and causes it to converge towards the ear.) 

A wind stronger at a height than near the ground may similarly 

cause refraction: if it is blowing with the sound, the refraction is 

downwards, and the sound travels far,; if it is blowing against the 

sound, the refraction is upwards, and the sound is rapidly diffused, 

and can scarcely carry any distance at all. 

Finally, sound-vibrations can reach the car (though again with 

some loss of high harmonics, and the1refore of brilliance) through 

the floor, instead of through the air: but they do not ordinarily do 

so in strength. 

What happens when sound-vibration reaches the ear? 

The vibrations impinge upon the ear-drum, which passes them on 

over a part of the ear called the basilar membrane. This is credited 

with 24,000 fibres, 1 50th to 1 /7oth of an inch long, and stretched 

~o a tension of about three pounds to about four tons per square 

mch. From each small group of these fibres a separate nerve leads 

to the brain. 

Now consider a piano with its dampers raised by putting the loud 

~d~l do":11· Suppose an ordinary tone sounding nearby. The moment 
1
~ vibrations reach the piano, any strings of approximately the same 

pitch as it_s ~st or fundamental harmonic will spring into strong 

sy~patheac vibration; any strings of approximately the same pitch 

~~ ns ~pper harmonics will spring into similar, if fainter, sympathetic 
'1brat1on · until th · • • . . h . 

· e piano 1s nngmg Wlt eene sounds, though not a 

note of its keyboard has been touched .. What has happened is that 
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energy from the original note has passed through the air and into 
those strings (but only those strings) whose own free vibration period 
is approximately the same, and which are therefore predisposed thus 
to respond. 

And that is roughly what happens to the fibres of the basilar 
membrane when the vibrations of a nearby sound reach them. But 
whereas the piano bas strings only for each note of our ordinary 
scale, the basilar membraille has groups of fibres and a nerve system 
to carry their messages to the brain at very minute intervals of pitch: 
hence its amazing sensitivity and selectivity. 

With very little mental effort we can hear the simultaneous notes 
of a chord, not only collectively, but individually (especially if the 
music happens to be spun contrapuntally, i.e. out of more than one 
melodic thread at once); which is a little like seeing adjacent colours 
and patterns in a picture at one glance, not only as wholes, but also 
as parts. 

With greater mental effort we can hear the main harmonics even 
of a single ordinary tone, not only collectively, but individually 
(though this does not happen at all in ordinary listening). To perform 
a corresponding feat of analysis in the case of light, we need a 
spectroscope. And in the case of sound, indeed, many more separate 
harmonics can be indiv:idually detected with the aid of special 
selective resonators (the acoustical equivalent of a spectroscope). 

A resonator (but not a selective one) can be improvised by putting 
the loud pedal of a piano down, thus raising all the dampers. Play a 
note of middle pitch softly: once your hearing faculty has the knack 
you should hear, not only the first or fundamental harmonic (i.e. the 
note you have played) but also (more faintly) the second (at the 
octave); the third (at the octave and a fifth); perhaps the fourth (at 
the double octave: but tbJs is hard to distinguish from the second); 
certainly the fifth (at th,e double octave and a major third); and 
probably the sixth (at the double octave and a fifth) and the seventh 
(at the double octave and. a minor seventh). 

Next let the dampers fall, thus putting your improvised resonator 
out of action. 1 Play the same note again, and hold it. Though with 

i Not quite out of action" though, because the topmost notes of a piano 
are not built with dampers, which, whether rightly or wrongly, are thought 
unnecessary and undesirabh: at that pitch. Thus these experiments are ~oc 
quite conclusive unless che top strings are damped for the occasion with 
soft rags or a scrip of felt. 
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th greater difficulty, you should still be able to distinguish the 
m ~ . 
same upper harmonics: thus ~emonstr~1:m~ that the! a~e ~eally there 
. ingle ordinary tone, albeit not ordinarily heard md1Vtdually, but 
Ula S . ,r 

1
. 

nl collectively, through their euect on tone qua 1ty. 
o Y · · l t· I And finally, you can rmproVIse a se ec ive resonator, et us say at 
the pitch of the third harmonic, an octave and a fifth above. Press 
down the key belonging to this higher note, but so gently that though 
its own damper is lifted, its string is not touched by the hammer, 
a!ld thus remains silent. Hold on to this key, so that its damper 
remains lifted from the string. P lay sha:rply in the ordinary way the 
original note an octave and a fifth below the key thus silently 
depressed: the undamped higher string will now absorb energy from 
the lower, and vibrate quite energetically in sympathy: thus enabling 
you to pick out that particular harmonic quite readily from the 
general mass of sound. To confirm this, let go the lower key, thus 
releasing its damper and silencing its stiring; but still hold on to the 
upper key, thus keeping its damper raised. You will now hear the 
upper string going on sounding quite vigorously on its own, though 
it has never once during this experim1~nt been struck by its own 
hammer. 

If you have two pianos, this same experiment can, of course, also 
be tried with the identical note struck on one piano and heard un­
struck on the other piano : with even more conv:incing effect. Think 
of the struck string as the source of sound, and the unstruck string 
as the corresponding groups of fibres in the basilar membrane of 
your own ear; and you will form a fair working notion of the mechan­
ism by which we hear. 

How the ear adds further sounds of its own creation 

Astonishingly sensitive and selective as 1the ear is, it is not a perfect 
receiving instrument. One of its imperfections has remarkable 
practical consequences. 
. There are certain resistances behind the ear-drum which prevent 
It from vibrating inwards quite so freely as it vibrates outwards. In 
technical terms, they give it an asymmetrical drag. 

We have described how sound-vibrations travel from tl1eir source, 
to impinge on the ear-drum, and thus give it vibrations in its turn. 
If the ear-drum were free to vibrate with equal ease in either 
direction, these vibrations would exactly correspond with the 
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oncoming vibrations and we might hear nothing but what reaches the 
threshold of our ears. In fact, because of its asymmetrical drag, they 
do not exactly correspond with the oncoming vibrations; and we do 
not hear only what reaches the threshold of our ears. 

First suppose that a loud pure tone (e.g. that broadcast by the 
B.B.C., with the volume control set to loud) falls on the ear. Its 
vibrations, as we know, if objectively recorded on paper, will show 
the regular outline known to scientists as a simple harmonic curve. 
But the vibrations with which the ear-drum responds are not those 
of a simple harmonic curve; for they are complicated by its own 
asymmetrical drag. They are, in a word, compound vibrations. 

What is compound at the ear-drum is compound at the basilar 
membrane. There can be but one result: we hear, subjectively, a 

compound tone. 
What does this compound fashioned in the ear consist of? 

Helmholtz maintained that it consists of the original simple vibration, 
plus a second simple vibration of twice its frequency. That is 
equivalent to saying that we hear the original pure tone, plus its 

octave. 
Next suppose that an ordinary compound tone, such as ordinary 

musical instruments emit, falls on the ear. The effect of the ear­
drum's asymmetrical drag is now already far more complicated than 
before. Each constituent simple harmonic is rendered compound; 
and the number of new harmonics thus added is necessarily con­

siderable. 
Finally suppose that not one ordinary compound tone falls on the 

ear, but several: in short, a chord. This is the normal state of affairs 
in Western music; yet such are the complications now introduced 
by the ear-drum's asymmetrical drag that imagination falters at the 
thought of them. T he new harmonics must evidently be legion. 

Luckily for our peace of mind, it can be shown that the great 
majority of new harmonics added by asymmetrical drag merely 
duplicate and strengthen harmonics which are already present in the 
oncoming air vibrations. That is not, however, quite the end of the 
matter. 

When any two pure tones are simultaneously heard, two other 
tones not present in the oncoming air vibrations are thus added by 
asymmetrical drag. They are called combination tones. 

One combination tone has a frequency equal to the sum of the 
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erating frequencies: whence it is called the summation tone. 
two gen h. h · · ell fi · · " . mallY quite weak: w 1c 1s JUSt as w ; or lt 1s 01ten, as It 1S nor . .th . . 

ball presently see, dissonant even WI its own generaung tones. 
we;he other combination tone has a frequency equal to the difference 
between the two generating frequencies: whe_nc_e it is c~led the 
difference tone. It is often loud enough to be distmctly audible as a 

ote separate in pitch; and its effect may be very appreciable even 
:hen one of its generating tones is itself a combination tone. Happily 
it is likely to be consonant with its own generating tones, though not 
necessarily with the remainder of the harmonic pattern. But in any 
event, it appears to bring one benefit which may outweigh any 
possible disadvantages: 

Any two consecutive harmonics of a harmonic series generate a 
difference tone at the pitch of the first or fundamental harmonic of that 
particular series. 

Now music would scarcely be feasible if our hearing faculty did 
not unhesitatingly accept the pitch of the fundamental as the note 
of each compound tone. Yet the objectively measured intensity of 
that fundamental may be as little as 0·1 per cent (violin g). T hus it 
may be (though this is still disputed) nothing but the accumulation 
or difference tones generated subjectively in the ear that makes the 
fundamental loud enough to dominate the series. 

This explanation is supported by an even more remarkable fact. 
Suppose there fall on the ear four or five consecutive upper har­
monics, of equal or approximately equal intensity. The pitch which 
we hear is still the pitch of the missing first or fundamental harmonic 
of the series. The ear has actually created subjectively, as a difference 
tone, a first or fundamental harmonic which does not objectively 
exist. 

When a selection of consecutive upper harmonics (say 10 to 30) is 
sounded electronically with no lower members of the series, the 
fundamental, though objectively silent, rings out in the ear, sub­
jectively, with quite uncanny clearness. 

This strange phenomenon may best be made clear by one or two 
e~amples. A telephone diaphragm (in order to avoid the acute 
dist_ortioo which would result if it possessed any one free vibration 
pe1:od within the fundamental range of human speech) is usually so 
designed as to be incapable of transmitting the first or fundamental 
harmonics of human speech at all. It transmits, therefore. only the 



HOW SOUND WORKS 

upper harmonics: objectively, an unintelligible cackle; but sub­

jectively, an adequate reproduction, because our ears reconstitute 

the missing first or fundamental harmonics from their upper 

harmonics, very possibly as difference tones. 

Again, the formidable expense of a rank of organ pipes vast enough 

to sound directly the lowest humanly audible notes is often avoided 

by j1.1A'taposing two ranks of much smaller pipes a fifth apart, which 

generate the required low notes between them, in our ears, as 
difference tones. Indeed, where the vast 32-foot (or even 64-foot) 

pipes are actually built, the ear probably cannot bear their first or 

fundamental harmonics directly; there is also some doubt whether 

it can do so even with the lowest notes of the piano. It probably 

merely bears a strong selection of their upper harmonics, from 

which it reconstitutes the first or fundamental harmonics as difference 

tones. 
As a matter of fact, asymmetrical drag can occur, not only in the 

ear-drum, but in the structures of musical instruments. This means 

that some sounds of nature which we have just been discussing are 

actually present objectively. Objective combination tones are often 

necessarily present when the generators are intense, so that the 

inertia of the sounding body and the transmitting air ceases to be 

negligible. (The ear then merely adds to their loudness subjectively.) 

Experiment with resonators confirms this conclusion; but it also 

confirms that in many other instances such sounds have only a 

subjective existence, in the ear itself. 
The harmonics created by the ear itself must add greatly to the 

colourfulness and brilliance of what we hear. T rue, they must also 

add to its confusion, and even to its dissonance; but this very fact 

is not without its value, as we shall see. 

How do consonance and dissonance differ? 

Partly, by force of habit: what is less farniliar seems more dissonant. 

But basically, from a physical cause. 
Consider two tones of different pitch sounding together. As the 

more rapid vibrations of the higher overtake the slower vibrations 

of the lower, the two alternately coincide and conflict. When they 

coincide, they reinforce each other; when they conflict, they weaken 

each other. The result is an alternate intensification and diminution 

of loudness: this is the phenomenon known as beats. 
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The lower and closer the two tones, the slower the beats. Play the 

wo bottom notes of the piano loudly together, and you will hear 

~em beating fairly slowly. Play two high notes, and you will not 

hear them beating; for the beats are now too rapid to distinguish. 

When there arc not more than about six beats a second, the effect 

is not unpleasing. Organ builders sometimes introduce them 

deliberately, by tuning two ranks of pipes just off the unison. But 

as the beats become faster, their effect grows unpleasantly restless. 

When they are fast enough to merge indistinguishably, the un­

pleasantness still persists, till they are very fast indeed, when they 

cease to make any appreciable effect at all. 

Ir is this physical unpleasantness due to beats which is the basic 

cause of dissonance; the smoothness due to a comparati,·e absence 

of unpl,easanr beating is the basic cause of consonance. 

Let rhe two tones be pure tones, in the treble stave. Then the 

dissonance becomes harshest when they are about a semitone apart, 

and vanishes when they are about a minor third apart. Just short of 

the ocrmve, the dissonance, though less violent, reappears: since the 

two tones themselves arc now much too far apart to beat appreciably, 

it is probably their difference tone which beats with the lower of 

them. At the octave, dissonance vanishes; just beyond, it reappears 

as the difference tone again begins to beat. Yet further on, it once 
more valllishes. 

Bur suppose the two tones are not pure but compound tones, as in 

ordinary music. We now have to reckon with beats not only between 

fundamentals (first harmonics), and between one of them and their 

differ_en,ce tone, but also between any two upper harmonics, not to 

mentioni any further combination tones. For example: 

. c aga,-nst c _sharp (minor second, or semitone): the harshest 1i1telligible 

dzsso11a11cc. Ftrst harmonics beat with maximum harshness. All upper 
harmonics beat. 

h c alf~inst d (major second, 01· tone): slightly less harsh. First 

armon:ics beat, but slightly less harshly. All upper harmonics 
beat. 

c ag_az'nst f sha,·p (augmented fourth, or tritone): hiali/v disq11ieti110 
not q1 t d . "' • "'' 

. " e issonance and not quite consonance. The third harmonic of c 
(which i:; g') be ·th . 

ats w1 the second harmoruc off sharp (which is f' 

sharp). There is also beating between the fourth harmonic of c 
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(which is c'') and the third harmonic off sharp (which is c" sharp). 
Also between the fifth harmonic of c (which is e") and the fourth 
harmonic off sharp (which is f" sharp). 

c against e fiat (minor third): faintly disquieting, but accepted as a 
consonance. The summation tone is d' flat, beating with the second 
harmonic of c (which is c') and the second harmonic of e flat (which 
is e' flat). There is also beating between the fourth harmonic of c 
(which is c") and the third harmonic of e flat (which is b' flat). 

c against e (major third): scarcely disquieting at all, and readily 
accepted as a consonance. The summation tone is d', again beating 
with the two second harmonics (c' and e'), but less harshly. There 
is also beating between the fourth harmonic of c (which is c") and 
the third harmonic of e (which is b'). Also between the sixth harmonic 
of c (which is g") and the fifth harmonic of e (which is g" sharp). 

c againstf (fourth): decidedly a consonance. The summation tone is 
e' flat, beating, but not very :fiercely, with the second harmonic off 
(which is f'). There is also beating between the third harmonic of c 
(which is g') and the second harmonic off (which is f '). Also between 
the sixth harmonic of c (which is g") and the fifth harmonic off 
(which is a"). 

c against g (fifth): still more emphatically a consonance. The sum­
mation tone is e', which coincides with the fifth harmonic of c, and 
does not beat with any harmonic of c or g. There is, however, 
beating between the fourth harmonic of c (which is c") and the third 
harmonic of g (which is d"). Also between this latter and the fifth 
harmonic of c (which is e"). 

c against c' (octave): a nearly perfect consonance. No beating among 
the first six harmonics; negligibly high beating between the seventh 
harmonic of c (which is b" flat) and the fourth harmonic of c' (which 
is c'"). 

c against c (unison): the virtual consonance. No beating anywhere 
between the two harmonic series. Any beating between the seventh 
and eighth harmonics within each single series (b" flat and c"') is too 
high and rapid to produce the least sense of dissonance. 

The analysis above is not at all complete: but it is sufficient to 
illustrate the principle. Beating between very high harmonics, even 
if they happen to be strong, is likely to be too rapid to have much 
effect; so that in practice the dissonance of an interval is determined 
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by the amount of beating among the few lowest harmonics and 

rnbination tones. 
co Here is a list of p_rim~y ~diatonic) in~ervals wi~ th~ octave, 

"th the ratios of their vibrauon frequencies. Note, 10 passmg, that 
~- the: smoothest consonances which tend to the simplest ratios. 
rtd di . f . 
(See Appendix IV for a further scussion o the nature of musical 

intervalis.) 
Interval 

Unison 
Minor s:econd (d.iatenic semi-

tone) 
Major s,econd (as major tone) 

(as minor tone) 
Minor third 
Major third 
Fourth 

Fifth 
Minor sixth 
Major sixth 
Minor s,eventh 
Major seventh 
Octave 

Ratio 
I : I 

16: 15 

9:8 
10: 9 
6:5 
5:4 
4:3 

3:2 
8:5 
5:3 

16: 9 
15 : 8 
2: I 

Musically 
Perfect concord 
Discord (very harsh) 

Discord (harsh) 

Imperfect concord 
Imperfect concord 
Perfect concord or 

mild discord 
according to 
context 

Perfect concord 
Imperfect concord 
Imperfect concord 
Discord (not harsh) 
Discord (fairly harsh) 
Perfect concord 

Intervals which are augmented or diminished by a chromatic semi­
tone (secondary or chromatic intervals: save that the augmented 
fourth ~md the diminished fifth are normally treated as primary or 
diatonic: intervals) have rather less simple ratios.1 For example: 

Minor second 135 : 128 Discord (very harsh) 
(chromatic semitone) 

Augmented second 
Diminished third 
Augmented fourth 
Diminfa:hed fifth 
Augmented fifth 
Diminished seventh 

75: 64 
256: 225 
45: 32 
64: 45 
25: r6 

2048: 1215 

Discord (mild) 
Discord (harsh) 
Discord (mild) 
Discord (mild) 
Discord (mild) 
Discord (mild) 

(a ~1:0"f given are the orthodox calculations. But the late Dr McClure 
th gic oss) pointed out to me that, for example, the augmented second 
rC: au~nented fourth (tritone) and the augmented sixth can be runed 
a~~ct!v-~ly and satisfactorily to 7 : 6, 7 : 5 and 7 : 4, or very nearly so. The 
emplo;:1 ~o(s need not b_e taken too seriously; they vary with the tern perameot 

e, see Appendix IV). The point to grasp is that simpler ratios favour 
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Intervals larger than an octave are treated in the theory of harmon 
as replicas of the intervals one or more octaves smaller: e.g. the tenJ 
(octave and a third) as if it were a third. This is convenient, rather 
than accurate: their beating, though similar, is not quite the same· 
nor do they sowid the same. Again, a third low in pitch beats mor; 
roughly,and sounds less sweetly, than a third high in pitch; hence 
the warning in harmony text-books against too many thirds in the 
bass register. But, of course, the similarity between any two thirds 
or even between a third and a tenth, outweighs their differences' 
and in the grammar of music they are rightly classed together. ' 

Chords consonant and dissonant 

Combinations of two notes are known as intervals: combinations of 
more than two notes, as chords. It would be a labour of Hercules to 
calculate the graduations of consonance and dissonance among the 
harmonics and combination tones even of a simple chord of three 
notes. But the principle remains the same. 

It is worth noting that minor triads have among their combination 
tones more notes foreign to the harmony than do major triads: 
which is very probably why music in the minor tends to be darker 
than music in the major. 

A chord including a minor second (such as e and f) is likely to be 
quite harsh. A group of notes including two conjunct seconds (such 
as c, d, e) is probably too harsh to be intelligible as part of a chord­
progression at all. Yet the same notes spaced out as c, d', e" are not 
unduly harsh (the d ' is then, grammatically, a mere tonic ninth 
with resolution to the eighth, c'). 

All this is understandable enough so soon as it is grasped that 
dissonance depends on beats; that beats depend on the nearness of 
harmonics; and that the nearness of harmonics varies with various 
spacings and inversions of the chord in question. 

One final curiosity. We have already seen that some instruments 
have much more prominent upper harmonics than others. Hence 
the same chord may sound much more dissonant on some instruments 
than on others, as every good orchestrator knows. 

~ess beati_ng and therefore less dissonance. None of these augmented intervals 
1s very discordant, however tuned, nor very sharply defined. They make all 
W1easy _and r~stless effe_ct, rather than a harsh one. They are, tonally, some• 
what d1stressmgly ambiguous. 

II• How the Raw Material 
becomes Music 

Music as a link with inner experience 

Music is not an idle luxury. In common with the other arts, music is 
one of the means by which we keep in touch with our inner life. 

Our inner life includes our feelings and our intuitions, and it is 
these parts of our experience which music is peculiarly apt at ex­
pressing. Great music has the merit of presenting us with feelings 
and intuitions which we all have to some extent in common, but 
inarticulately. The value of the music largely lies in making us aware 
of our own inner experience, but articulately, so that we can some­
how see the point of it as we cannot so clearly see it without some 
such assistance from a creative artist of genius. 

Not only can music express our own inner experience for us more 
articulately than we could for ourselves, it can also enlarge our ex­
perience by sharing with us the experiences of its creative artists, 
both the composers and the performers. Creative artists tend to lead 
difficult and restless lives, but are compensated by being driven to 
greater depths of inner experience than average people. They tend 
to suffer more, but for that very reason they may see more, and it is 
the average people who stand to gain by the vision bought at this 
unavoidable cost in suffering. 

No artist can altogether avoid his destiny of living out on behalf 
of the more ~rdinary people the extremes of inner experience, and 
of concentraung them into the articulate forms of which music oives 
examples. But the greatness of the art depends on the imponde;able 
factor of character. Artists are extraordinarily different from one 
another-; but an outstanding case may illustrate my point. 

The case I have in mind is Beethoven. His genius has never been 
~~ceeded. His character was indomitable to a heroic degree. His outer 

_e was a succession of disasters relieved only by his fame and 
triumphs as an ~-;st· fi h di 
• • <U. u , or as a man e was stressingly incompetent 
10 ~e ordinary business of living. In commercial matters he was so 
co used that his actual conduct towards publishers and others 

29 
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would have to be called dlishonest if it were not so obviously akin 
to the desperation of a hou:11ded fugitive. He found personal relation­
ships almost an impossibility, and went on increasingly as he began, 
an irredeemably lonely malll. His private tragedy, which was his deaf­
ness, exacerbated but did not originate his loneliness, and his own 
account of how he won through to victory over the despair of it is 
one of the most moving of human documents. 

That victory resounds in his music. Out of all his manifold distress 
and suffering he forged music which conveys more of the inner 
meaning of life than any lesser artist has ever done. No music tells 
us more plainly that life with all its pain is the most glorious of 
mysteries. I t tells us this !lot by leaving out the pain, but by recon­
ciling it with the glory. By accepting the pain, Beethoven was able 
to experience the glory as few men are privileged to do. 

In our deepest intuitiolls, we not only know that we are mortals 
who will have to meet with pain as well as delight, and who must one 
day die; we know that this is the paradox we have voluntarily to 
accept if we want to be thoroughly in life, and not merely skulking 
evasively rou:nd the edges of it. We know it somewhere; but our 
knowledge may be so buried in our unconscious that it is of very 
little use to us until we are: brought into closer touch with it. Genuine 
religion and genuine art can bring us into closer touch with our 
deepest intuitions. 

In music such as Beethoven's, the pain and the delight are not only 
conveyed in abu:ndant measure; they are brought into such intimate 
relation to one another that we cannot help feeling that somehow 
they belong together. This feeling, which we have no need to put 
into words, and cannot adequately put into words, is more valuable 
to us than gold and diamonds. We feel in oux hearts that this really 
is what life is like, only that we could never have put it so clearly 
as the music is doing. We feel that if only we can take our own lives 
with some of Beethoven':s triumph over adversity, we shall share in 
his delight and rejoicing too. And when I say feel, I do not mean 
think. I am speaking of experiences which hardly come to the surface 
in rational terms at all. '1rhe heart has its reasons', wrote Pascall, 'of 
which reason knows nothing.' 

That such inner experiences are of inestimable importance to us 
is confirmed by such tangible facts as the continued box-office draw 
of a Beethoven night, by the crowds of unpretentious music-lovers 
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ade concerts, by the vast popularity of Bach and the 
at Promen .d h 

d h uses for Wagner: by all the evi ence on every and that 
pac~e 

O 
eople, and not only sophisticated connoisseuxs, need and 

or~ p music in their everyday e:tistence. Even the ubiquitous 
appreoate . . ffi · 

. 1 and TV add their tesnroony to the same e ect. T he music 
wueess f" d d till! . n around us is not all o 1t very goo an s ess very great 
going o . . ak 1 

· . but it is music. It takes all sorts to m e a wor d. music, 

The necessity for dissonance as well as consonance 

In der to convey pain as well as deli~;ht, and to reconcile them with 
or · ds di 11 e another and us ro them, music nee ssonance as we as con-

on ance We have seen in the previous chapter how physical a 
s;:lity discord and concord possess. T his reality is the raw material 
~om which a composer makes up his patterns, together with other 
realities of melody and harmony, rhyithm and form. He does so by 
blending such material into images of which the substance depends 
on the outer realities of acoustics, but the meaning depends on a 
correspondence between these outer realities and the inner realities 
of our common human experience. 

Pain and delight are mental experiences, but we associate them 
largely with physical experiences. The faint, subliminal discomfort 
as discord beats in our ears, and the relief when concord follows, call 
up corresponding associations. In cou:ntless ways such as these, 
musical images become symbols for feelings and intuitions so 
elusive that we could not put them into words, yet so precise that 
words would be a very inadequate vehicle for them even if we could. 
It was Mendelssohn who said that the: reason why we cannot define 
the emotions expressed by music is not that they are too vague to be 
put into words, but that they are too precise. 

We could not share musical or any other experiences if it were 
not that we inherit certain predisposiitions in common. These pre­
dispositions take shape in us as archetypal images. Such images focus 
the age-old experiences of our race, and can be seen in numerous 
mythologies, religions and traditions of art, not to mention the 
ordinary man's dreams and fantasies .. Our innate familiarity with 
these images is the common elememt to which works of art can 
appeal. I shall always remember my first Wagner as a child. The 
vivid images on the stage, and the still more vivid imagery woven 
by the voices and the orchestra, did n,ot fall on my u:nformed mind 
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as something wonderfullly new and unfamiliar, but as something 
wonderfully familiar to me in some bidden part of myself. What was 
familiar was not Wagner's actual Valkyn·e, but the timeless arche­
types on which Wagner like other artists was unwittingly drawing. 

Music as ordered emotion 

In drawing on our common background of archetypal imagery, the 
composer, aided by the performer in so far as he can share in the 
composer's experience, 'touches on springs of emotion in us which 
we hardly knew were tlbere. But music does not only release our 
emotion. It releases it in a highly organized and ordered form. Dis­
cord and concord are not thrown at us in meaningless confusion, 
but in a meaningful succession of harsh and smooth ingredients. 

Very simple sounds, of which the extreme case is pure tones, are 
smooth enough; but tbiey are so smooth and so simple in their 
harmonic content as to be positively uninteresting. Very complicated 
sounds, of which an excess of discordance is one example, are too 
harsh for us because they are too complicated to be intelligible at all. 
We can accept any amount of harshness provided that we can detect 
a meaning in it; if we cannot, it is no better for us than mere inco­
herent noise, and our minds reject it as an ingredient in an ordered 
work of music. 

What our minds reject as unintelligible dissonance does not only 
depend on the degree and persistence of the dissonance; it also 
depends on what our minds are capable of understanding. Some 
people have far more aptitude for understanding musical develop­
ment than others, and some are much better trained at it and prac­
tised in it. Even to the most gifted mind, moreover, an unfamiliar 
innovation may at first seem more or less incomprehensible. With 
growing familiarity, the ,:::onnections and recapitulations which make 
sense of it begin to stand out, until it comes to seem extraordinary 
that they could ever bav,e been found difficult. In the long rilll, they 
may well get to seem too simple to be any longer capable of express­
ing our deeper emotions. This does not relegate the great music 
composed in past idioms to the dustbin, since what is once pro­
foundly felt remains profoundly moving; but it does make those 
idioms useless for the :new generation of composers. They must 

then be replaced by some subtler modification, compression or re­
action which, since its artistic precursor is by now all too familiar, 
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. be accepted as cornprehensiible in its turn. There is thus a 

will soon d fi d I b . . •a1 tendency towar s re nement an e a oration, unt1l a 
perenm . d .-. . li . . d" dical reaction sets m, an ,orgotten s1mp cmes are re is-
more ra f l 'fb limi" f h d with all the zest o nove ty. e ts o w at seems com-covere 

1 
,,,,r . d 

1 rehensible vary enormous y at Wlierent times an p aces. 
p Lacking discord, we should lack_ th~ sense of strain and tension 

hich makes the subsequent relaxation lllto concord welcome. Lack­
:g concord, we sbould_lack the prospect of resolution_which makes 
discord intelligible. Discord and concord are a pair of natural 
opposites, and their due relationship to one another is a means of 
symbolizing the opposites inherent i111 life itself, including pain and 
delight. Contrasts such as this are of the essence of life, and they are 
of the essence of works of art, which use them to show symbolically 
how the dark side and the light side can be reconciled into a totality 
we can gladly accept. 

Acoustically, the varying degrees oJf beating which we experience 
as varying degrees of dissonance and consonance are absolute 
realities. Emotionally, they are relative realities. In music of which 
the general texture is very concordant, the mildest discord may 
sound as harsh as the harshest discord in generally discordant music. 
Jn music which is unremittingly disco:rdant, the milder discords will 
assume the function of concords. But there is a certain danger that 
the degree of contrast available will prove insufficient if dissonance 
is too persistently maintained. 

What applies to the contrasts of harmony applies, not by direct 
sensation but through immediate memory, to melody also. In most 
Eastern music of all periods, in antiquity everywhere, and in the 
bu~ of ge~uine folk music, melody is, used without harmonic sug­
gesu?n or lDlplication. This leaves it free to range through an un­
restricted variety of intervals, including microtonic intervals too 
small to c~mbinc as harmony in any system so far envisaged, if ever 
~o be envtsaged. In our current Western tradition, our choice of 
mt~rvals (with rare exceptions of a hybrid kind) is restricted to those 
wbic~. can be combined as harmony; and melody itself is largely 
condiaoned by the implied harmony at the back of it. 

Restr· · . 
f icuons are themselves an 1mpor1tant aspect of the raw material 

0 
art, and Part of an artist's skill cons.ists in conceiving restrictions 

: P0

1
t~n~alities. He sees the inexhaustible artistic possibilities in the 

ry lllllts of the style in which he is at work, so that in practice be 
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~4 not hampered but helped by them. Besides the contrasts of 
is and melody to which I have briefly referred, there are, even 
harmony 'bill' · f con 

ithin the limits of a single musical style, other poss1 ties o . -
w . hythm speed dun,,mics articulation, texture, orchestrauon 
trast m r , , J~ ' • • 'bi N -
and so forth which are likewise in practice mexhaus~ e. o corn 

oser who is able to make contact with the underlying ar:he~ 
is ever going to lack for raw material in ,~hi:h. to s~ape his vision 
and give it the personal stamp of his own md1V1duality. 

PART TWO 

HOW MUSICAL 
INSTRUMENTS WORK _, ______________________ _ 

III· Instrumental Orders 

The four Orders of musical instrument 

Three of them are old and well-tried; one is new and not as yet 
welll-tried. They are: 

I.. STRINGS (Gk. enchordon, Lat. tensile): vibrations from stretched 
string. 

II. WIND (Gk. pnewnatikon, Lat. infiatile): vibrations from an 
encllosed column of air. 

III. P ERCUSSION (Gk. krousticon, Lat. pulsatile) : vibrations from 
a stretched membrane or resonant solid. 

IV. EL ECTROPHONES (Electronic Instruments): vibrations from 
a loudspeaker moved by a fluctuating electric current. 

These distinctions are not so fundamental as they might appear. 
An organ pipe can be designed to give much the same harmonics 
as a. violin string: what undeceives us is the Jack of the violin how's 
bite, and expressive nuance. And on the other hand, no two notes 
are quite alike even on the same instrument in the same player's 
hands. 

Cenain pans of a musical instrument are thought to possess free 
vibration periods of their own, capable of reinforcing powerfully any 
corresponding harmonics, with a substantial effect on the quality of 
the tone. Such supposed resonant areas are known as formants. The 
theory of formants is at present (1962) in a very uncertain condition; 
the following is merely a statement of possible principles. 

The hollow, air-filled wooden violin body may have formants 
whose exact disposition makes the difference between a good violin 

35 
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and a bad one. The tube c,f a wind instrument may possess formants 
as decisive for its tone colour as more obvious factors. T he sounding­
board of a piano is made of material which ensures the widest 
possible response, so as 1to reduce favouritism to a minim um: but 
favouritism can never be quite eliminated. 

For suppose a note sow)ded: such of its harmonics as tally with the 
instrument's formants will be selectively reinforced. But suppose 
another note sounded, having another series of harmonics: the same 
formants will reinforce harmonics of the same pitch as before; but 
these will not have the same position in the second harmonic series 
as they did in the first. Therefore the second note cannot ~ave quite 
the same tone quality as the first if the formant theory 1s correct. 
In the light of the most recent experiments, this is by_ n~ means 
certain• since however, 1the difference between a good V1ohn and a 
bad on~, or a• good flute and a bad one, is clearly _objectiv~•- we

1 
are 

bound to postulate some ,difference in their resonatmg quaht.Ies. 
Further the different strings of a violin are of different gauges 

and material besides being stopped by the fingers to different lengths 
for different ~otes: low n<>tes and high notes are produced in different 
ways on most wind ins1:ruments; and so on. The player himself 
may be more or less skilled in coaxing the_ most ~avourable 3:5sort­
ment of high harmonics; and moreover, smce, g1~en t~e s~l, he 
can on most instruments somewhat vary them at will, his chmce of 
tone colours will be to some extent individual to himself. 

With such points in mind, it is easy to see that no classification of 
musical instrwnents can or should be very hard and fast: the 
arrangement here follow,cd is merely such as to be convenient and 
as free from avoidable cc,nfusion as possible. 

How string instruments work 
Shake one end of a piece: of rope, and watch the impulses undulate 
to the other end though the rope as a whole does not move forward. 
This is a case of transve.rse vibrations (such as occur in a vibrating 
string), slow enough to see though too slow to bear. . 

Twang a length of wi1re fencing: the shorter, the nghter and ~e 
less massive the wire, the more rapid the vibrations (now rapid 
enough to hear, and see indistinctly), and therefore the higher the 

1 See A Saunders Joum,,I of the Acoustical Society of America, 17, 3 and 18, 2, and
0

'A Study ~fTwc, Famous Violins', The Strad, June 1957. 
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sound. If the fence posts are of elastic material (e.g. wood) the 
sound will furthermore be loude:r, because more amplified by 
sympathetic resonance, than if they are of inelastic material (e.g. 
concrete). 

In a piano, the higher the note, th.e shorter the string. In a violin, 
all four strings must be of the same length, for ease of playing: but 
too slack a string will sound feeble while too thick a string will be 
bard to get sounding at all, as well as deficient in high harmonics; 
hence the bottom string is now always and middle strings are 
ordinarily weighted by gimping (w'.inding a very fine metal wire 
round a fairly fine gut or metal C•:>re). Gimped low strings arc, 
indeed, usual even (to increase flexibility and avoid inconvenient 
length) on keyboard instruments. Nylon is now an alternative 
material, with its own advantages. 

If a string vibrated only as a whole, you might hear only its first 
or fundamental harmonic (i.e. a putre tone): but it also vibrates 
simultaneously in its quotient parts--in half-lengths, producing the 
second harmonic an octave above; in third-lengths, producing the 
third harmonic a twelfth above; and so up the natural harmonic 
series, the net result of these many superimposed vibrations being, 
as we saw, a compound tone, at the pitch of its first or fundamental 
harmonic, but of a quality depending on the relative strength of its 
upper harmonics. 

The stri~g ends, being fixed, are no•des (points ofleast vibration); 
the centre 1s normally an antinode or loop (point of most vibration). 
But by placing your little finger lightly on this central antinode, you 
can_ ma~e a node of it, thus inhibiting the full-length vibration: 
which silences the first or fundamental harmonic, and leaves the 
second harmonic an octave above to be heard as the main note in its 
~lace ('natural harmonic'). Similarly, by placing your little finger 
lightly one-third of the distance along; the string, you inhibit both 
first and second harmonics, hearing in their stead the third harmonic 
a twelfth above ('natural harmonic'); a:nd this can also be done with 
~h~ner string length held firmly curtailed with the first finger 
( b . cial_ harmonic'). But the tone colour ('flageolet-tone' so called) 0 

tamed m these ways is too peculiar, in the case of string instru­
:zients, to be valuable except for cen:ain deliberate effects. (The trumpet . , 

T ~arme - Plate 10 - used it normally, however.) 
he stnng ends partly reflect the vib1rations back along the string, 
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but partly convey ~ mi to the resonating body ( corresponding to the 
wooden fence posts, v.1hich, having a much larger surface than the 
string itself, transmits them to the air in far ampler strength, and 
enriched in quality ( ii by the influence of its formants). Such a 
partnership is callee a coupled acoustic system. Strictly, it includes 
the room and your ear as well: but these latter factors need be 
considered no further ·than they have already been. 

How wind instnunents work 

Watch a freight train pass the first slight impact of its shunting­
engine from truck to truck along its length, the individual trucks 
rebounding backwards; and forwards, though the train as a whole is 
still virtually stationary. This is a form of longitudinal vibration, such 
as occurs in a vibrating enclosed column of air, and, incidentally, 
such as conveys sound., from whatever source, through the surround­
ing air to your ear. 

There are two main ways of ex.citing the vibrations of an enclosed 
column of air: and in both of them, the exciting tone, instead of (like 
string exciting tone) :imposing its own vibrations substantially on 
the resonating body, submits substantially to the natural frequencies 
(free vibrating perioru:) of the resonating air column. 

Watch a flag on a v.rindy day. As the wind strikes the flag-rope> it 
forms eddies on alternate sides (just as you can often see moving 
water forming eddies round a fixed post). You can trace these air 
eddies visibly by the undulations which they impart t0 the flag as 
they pass down it; s10,wly, with a large flag in a moderate wind, more 
rapidly with a smaller flag in a stronger wind. 

It is air eddies of this nature which give rise to edge tone, such as 
excites all wind instt'l.lll1ents of the flue class. (Flue is an organ­
builders' term for a passage-way directing air across an edge: 
similar passages are incorporated in all flutes, either by a built-in 
mouthpiece, as in the recorder, or by pursing the lips to do duty 
for a mouthpiece, as in the transverse flute.) The edge is not flexible 
like the flag, but fixed like the river post, and relatively sharp. As 
air is blown across i1t, eddies are formed on alternate sides of it : 
roughly, the faster the air current, the more rapid the eddies, and 
the higher the edge tone. 

Since the air curri!nt loses speed as it goes, the eddies can be 
slowed, and the edge: tone lowered, by withdrawing the edge. But 
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if it is much withdrawn or the air-ilpeed increased by blowing harder 
(overblowing), a new factor enters: each eddy breaks into two; and 
the edge tone jumps to the OctaVie above. More over-blown, each 
eddy breaks into three; and the edge tone jumps to the twelfth 
above. And so up the natural harmonic series, though not very far up 
with this method of tone-production. 

Now purse your lips, and make ·them vibrate by blowing through 
them. Each time your breath blows your lips a certain distance apart, 
the elastic tension of their pursed muscles brings them together, 
tbus passing a regular succession oif impulses to the outer air. 

It is impulses of this nature which occur with reed tone, such as 
excites all wind instruments other than those of the flue class. The 
reed may be a single 'cane' reed lying on a nearly flat surface, as in 
the clarinet; or a pair of 'cane' reeds minutely curved from one 
another, as in the oboe; or simply your lips, as in the trumpet. But 
the principle in all these cases is the same. 

By manipulating with your lip muscles the elastic tension of the 
reed in question, reed tone, like edge tone, can be jumped to the 
octave, the twelfth and numerous higher harmonics of the harmonic 
series. Reed tone is sometimes, as in. the harmonium, heard with no 
resonator: but most wind instrumelllts, like all feasible string instru­
ments, are coupled acoustic systems; and here it is the enclosed air 
column which is the resonating partner. 

Like the string, the enclosed air column vibrates as a whole and 
in its quotient lengths simultaneously: hence the free vibration 
~eriods which (unlike the resonati.llg body of a string instrument) 
it more or less imposes on its exci1ting tone (whether edge or reed 
tone) are once more those of the natural harmonic series. 

Now an air column takes its pitc:h, in the first instance, from its 
length, vibrating in wavelengths which are four times the distance 
from node to antinode. 

Hence in a cylindrical open pipe (open, and therefore least con­
stricted, at both ends, each of which is thus necessarily an antinode), 
the longest complete vibration possiible must show at least antinode 
(one end), node (middle), antinode (other end): which gives a wave­
length twice the length of the pipe itself, to produce its first or funda­
mentaJ harmonic. The next longest must show antinode, node, anti­
node, node, antinode: which gives a. wavelength half the longest to 
produce the second harmonic an octave above. The next must show 
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antinodc, node, antinode, node, antinode, node, antinode: which 
gives a wavelength one-third of the longest, to produce the third 
harmonic a twelfth above. And so right up the harmonic series : the 
result being once more, of course, a compound tone, at the pitch of 
its first or fundamental harmonic, but of a quality depending on the 
relative strength of its upper harmonics. 

In a cqnical open (at both ends) or dosed (at one end) pipe, the 
wavelengths resemble those in a cylindrical open pipe. 

But in a cylindrical closed pipe (closed, and therefore most con­
stricted, at one end, which is thus necessarily a node, but open, and 
therefore least constricted, at the other end, which is thus necessarily 
an antinode), the longest complete vibration will show node (one 
end), antinode (the other end), with neither node nor antinode 
between. This gives a wavelength four times the length of the pipe 
itself, to produce its first or fundamental harmonic an octave lower 
than an open pipe of the sarm length. But that is not all. 

The next longest complete vibration cannot show antinode, node, 
antinode (which would give a wavelength half the longest, to produce 
the second harmonic an octave above) : for though the open end 
must be, the closed end cannot be an antinode. Hence the second 
harmonic is necessarily missing. The next longest can only be that 
showing node, antinode, node, antinode: which gives a wavelength 
one-third of the longest, to produce the third harmonic a twelfth 
above. And so it is right up the harmonic series, only the odd num­
bers of which can be present, while the even numbers are necessarily 
missing (except in so far as they are introduced by the exciting tone 
itself, and reinforced by the formants of the actual tube; or, yet 
again, formed in the listener's ear as difference tones). That is what 
gives the clarinet (the nearest orchestral approximat ion to a closed 
cylinder) its characteristica!Jy smooth and indeed (in the low notes 
where the exciting reed tone and the formants of the tube can do 
least to supply the deficiency) cadaverous quality of tone.1 

Strictly, the antinode necessarily associated with an open end 
occurs a fraction beyond the opening, since the constrained air can­
not immediately become equalized in pressure with the outer air. 
The difference (known as end correction) is, roughly, greater for 

J Since the second, fourth, etc. harmonics are missing in a stopped 
cylindrical pipe, its third harmonic is properly ca.lled its second P!'irtial; 
itS fifth harmonic its third partial, and so on : a source of confusion of 
which it is as well to be aware. 
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high partials than for low: and therefore must tend co put each 
higher partial a little more out of tune with its own lower partials. 
The Jess they are in tune, the less they are excited: the less they arc 
excited, the less colourful the timbre. 

Reed tone, being itself a richer source of high harmonics, will be 
Jess affected than edge tone by end correction: but what makes most 
difference is the design of the actual end itself. End correction is 
greatest at a narrow or partially obstructed opening: least at a ·wide 
and unobstructed opening. It is for this reason, and not for merely 
decorative purposes, that wind instruments of different timbre end 
in such a variety of bulbs, bells and flares. 

Wind instruments normally and extensively rely for their higher 
notes on the same device of inhibiting lower harmonics in favour 
of the next highest which we noted as a special and occasional re­
course in string instruments. In many cases, this is facilitated by 
opening a 'speaker' hole to reinforce an antinode (the obverse of 
reinforcing a node in a vibrating string, but equally effective, since 
nodes and antinodes are interdependent) ; in other cases, the exciting 
tone is alone manipulated (e.g. forced up by increased pressure of 
the breath), the air column following suit from its own predisposition 
to fall into quotient parts (and thus to jump from one harmonic to 
the next, as the exciting tone is forced up). The ease with which it 
does so is again conditioned by the bell, and by the general design 
of the tube and mouthpiece. 

Row percussive resonators work 

If a stretched membrane, or a solid bar or plate, or a hollow bell, 
bowl or tube is struck, it may vibrate, like a string or an air column, 
both as a whole and in parts. But the upper partials will be neither 
very stable nor very regular, unlike all the harmonic series with 
which we have hitherto been dealing. If there is a reasonably stable 
fil:t or fundamental harmonic, we hear a fairly definite pitch, as 
with the kettledrum. If not, we hear no definite pitch, as with the 
bass drum. 

How electronic instruments work 

I~ 31: electric current, oscillating with a regular periodic frequency 
Within the range of human hearing, is fed to a loudspeaker, a pure 
tone results. If other such currents, with frequencies equal to those 
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of a natural harmonic series, are superimposed, an ordinary com. 
pound musical tone :may be built up, with a quality corresponding 
to the relative streng;th of its constituent harmonics. An electronic 
instrument (not to be confused with a mere electrical reproducer, 
like the gramophone and radio) is an instrument constructed on 
some application of t;bis principle. 

IV· Instrumental Species 

I: THE THREE SPECIES OF STRING INSTRUMENTS 

IA: String instruments played with a bow: such as the violin, the 
viol. 

IB: String i'nstruments played by hand: such as the harp, the lute. 
le : String instruments played t)zrough a keyboard: such as the 

piano, the harpsichord. 

IA: String instruments played wiith a bow 

The bow is a stick of moderately springy wood, with upwards of a 
hundred hairs, from the tail of a horse, stretched between its two 
ends. It is left slack when not in use, but can be tightened to the 
required tension by a screw knob. 

The hair possesses minute roughmesses, which are made rougher 
by being rubbed with fine resin. These roughnesses, as they are 
drawn across the string, pull it minutely to one side, until it grows 
tense enough to fly back: only to be caught again. By this alternate 
pull and recoil, it is kept in continuous vibration. 

Bowing, as a means of exciting a string to vibration, is favourable 
to high, accurately harmonic upper partials. But a great deal will 
depend on the exact technique empfoyed. 

For example, the width of hair brought into contact with the 
strings can be varied both by the angle of the bow and by the degree 
of pressure. The greater the width of hair in contact with the string, 
the greater its power to eliminate hiigh harmonics by enforcing an 
antinode where those harmonics wo11lld require a node; and at the 
same time, the greater the pressure, the louder the tone. 

Again, the speed at which the bow is moved can be varied. The 
faster the bow is drawn, the louder the tone, but the greater the risk 
that the hair will fail to bite properlly, thus throwing more energy 
into the upper than into the lower harmonics, and detracting from 
fullness of tone. 

Next the point of attack can be varied. The nearer the bow is to 
the bridge, the louder the tone, and the more brilliant its quality. 
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-But too near the bridge, excessive pressure is required before the 
hair will bite, and squ,eaks are likely; while too far from the bridge, 
even slight pressure is too much, and the hair cannot impart suffi­
cient energy to the snring. Roughly a seventh to a fifteenth of the 
way from the bridge g;ives the normal limits; the average is about a 
ninth. 

In all bowed instruments, the pitch of the strings is first adjusted 
by regulating their tension: this is done by turning the pegs round 
which one end passes. The note yielded by a string at its full length 
is called an open note. Other notes are found by stopping the string 
with a suitable finger tl;> the length required: these are called stopped 
notes. The shorter the length, the higher the pitch. Most notes may 
be played either on a longer length of a higher string, which gives a 
fuller tone; or on a shorter length of a lower string, which gives 
a tenderer tone. 

For special effects, as we have seen, 'harmonics' are available, 
producing a strange, fl.ute-like quality. A yet further transformation 
is to clip a mute on to the bridge: this increases its weight, thus 
penalizing high harmonics, and causing a veiled and distant quality 
of tone. 

lB: String instrume1nts played by hand 

When a string is plucked with the soft end of a finger, the angle at 

which it is displaced is; not very sharp; the high harmonics are rela­
tively weak; and the tcine is full and rounded. When it is thrummed 
with fingers or thumb,, the angle is still less sharp, and the tone still 
mellower. When it is p,lucked with a plectrum or with the fingernails, 
the angle is much sharper, and the tone is sharp and ringing. When 
it is struck with a soft felted drumstick, the tone is mellow; when it is 
struck with a hard stick or hammer, the tone is sharp and even 
jangling, thus revealing the presence of strong and perhaps actually 
inhannonic high partials. 

Further, when a string is plucked, thrummed or struck near its 
middle, the tone will be relatively round; when near its end, rela­
tively brilliant. As with bowed instruments, the exact point chosen 
will determine which ihigh harmonics are favoured, and which dis­
couraged. The averag1? distance will again probably be something 
like a ninth of the way along, where the tone should be bright, yet 
full and resonant. But the practical limits are much wider; and 

great differences in tone colour ea.cl be gained by varying this 
factor. 

Pitch is varied in much the same vtay, except that use may also 
be made in many cases (for example, the harp) of strings differing 
in length, as well as in tension and in weight. 

Ic: String instruments played through a keyboard 

Adding a keyboard simply means int1?rposing a mechanical action 
between your fingers and the strings. This limits your control over 
the quality and volume of tone; but increases your power of playing 
in full harmony. 

Bowing gives direct control throughout the note. Plucking or 
striking by hand gives direct control, but only at the beginning of 
the note. Plucking or striking through a keyboard gives more or less 
indirect control, and that only at the beginning of the note (except 
the clavichord). The amount of control varies in different keyboard 
instruments: it is usually considerabl1?, but apt to be greater over 
volume than over quality. 

The point of attack is usually fixed between a seventh and a ninth 
of the way along the string, which weakens some of the harsher 
harmonics, and makes for mellowness. Leather plectrums sound 
mellower than quills; soft felted hammers mellower than hard ones. 
There is normally at least one string; to each note required: and 
you find your notes by depressing the appropriate keys. 

II: THE FIVE SPECrES OF WIND INSTRUMENTS 

IIA: Flue instruments: such as the: flute, the recorder. 
IIB: Reed instruments: such as the oboe, the shawm. 
IIc: Lip i11struments: such as the trumpet, the serpent. 
Iln: Throat instruments: the human voice. 
IIE: Wind instruments played thraugh a keyboard: such as the 

organ, the harmonium. 

IIA: Flue instruments 

These are sounded by an edge tone: whereas all other wind instru­
ments (except for organ pipes of the flue species) are sounded by 
some variety of reed tone. (See page 39 above.) 

The lowest note of a flue instrument is the first or fundamental 
harmonic of its full length. For higher notes, the player may shorten 
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its effective length by opening a succession of holes; or he may leap 
to a higher harmonic in the manner described in the last chapter, or 

both. 
Now we have only fingers enough to cover the holes required for a 

diatonic scale (i.e. such as can be exemplified on the piano by playing 
the white notes from C to c). For a chromatic scale (i.e. such as can 
be exemplified on the piano by playing both white and black notes), 
more complex arrangements are required. 

When you open a hole, you do not utterly deprive the further 
part of the tube of its influence. Thus if you now close one or more 
boles beyond the open hole, you can lower the pitch sufficiently to 
sound an intermediate or chromatic note. This method is known as 
cross-fingering. 

Alternatively (and this has now become usual in the West) you 
can drill more holes, and arrange a system of mechanical keys to 
enable each finger to deal with more than one hole at need. This 
makes passages involving many chromatic notes, such as have been 
commonly written during the last century, easier to play. Further­
more, the holes can be drilled exactly in the sizes and positions 
which are theoretically perfect, instead of in a compromise such as 
the unaided fingers can reach and cover. And, on the whole, you 
can play in tune with less conscious effort of the attention than the 
older instruments, with one or two, or even no keys, require. 

But against these advantages must be set some possible loss ( or at 
the least change) of tone quality: for the keywork is not only sur­
prisingly heavy, but has to be bolted firmly to the tube; and this 
might (though it has not been established that it does) decrease or 
change its formants. And in the opinion of some players, it is all to 
the good to have to concentrate conscious attention on playing really 
well in tune, instead of relying overmuch on your mechanism, which 
anyhow cannot help you to adjust yourself finely to the other 
instruments you are playing with. 

Keys have come to stay, being a virtual necessity in all very 
chromatic music: but there are those who think they could with 
great advantage be somewhat diminished again in complexity and 
number, at least on certain instrUments. 

You have, on flue instruments, a moderate direct control over 
quality and volume, and also over intonation: though not so much 
as on some other instruments. 

INSTRUMENTAL SPECIES 

Ila: Reed instruments 
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S~ientifically, this includes all the remaining species (except for flue 
pipes on th<: organ): but conventionally it means instruments using 
an actual slip of reed (arundo donax) sometimes tho gh . tely call d ' , . ' , u maccur-a ' e . cane ; or a similar slip of wood or metal (in harmoniums 
and reed pipes on the organ). 

The ~one of such a reed is in any case particularly rich in high 
harmorucs; and the more suddenly and completely the reed as it 
beats to and fro, momentarily stops th . . ' . . . e escapmg air stream the 
richer its high harmonics. ' 

In m_odem Western instruments of the orchestra you tak th 
reed a littl · ' e e . e way mto your mouth, \Vhich gives you a good control of 
quality and volume. Whe~, as in a bagpipe chanter, the reed does 
not enter the ~outh, but is housed in an enclosed passage-way or 
box, you have httle or none. 

The methods of finding the desired notes are very simil· t th 
1 d 

· fl · ar o ose 
emp oye m ue mstruments. 

Ilc: Lip instruments 

:~-re, the_ human lips provide a double reed, of exceptional adapta-
1 ity, owmg to the c~ange of shape, size and muscle tension which 

can be produced at will by a skilled and practised player. 
You can usually control loudness within wide limits d . tion within bl 

1
. . , an mtona-reasona e uruts (though sometimes with difii ul ) 

The qual'ty f th · c ty · . t o e tone is chiefly governed by the design of the 
m
1
Strument and of the mouthpiece used, but also varies with the 

payer. Mutes partly blockino- the bell can be . d . cases. " mserte m some 

be~ow flbecaus~ mos~ lip instruments have a more or less prominent 
or ar~, with ~ unportant influence on the quality of tone, the 

~ot saosfactorily be made to give their higher notes by a su/­
cession of holes, each shortening the tube when opened as . fi 
and reed instruments. , m ue 

Inst~ad, they make far more use still of the other resource· leap· ~ a ?1gh harmonic in the manner described in the last ~hap:: 
f: uckily, the very qualities of colourfulness which the bell or fiar. 
v:vo~, and whic~ make side holes undesirable, allow you to soun~ 

ry gh harmorucs as separate notes. For we must never forget 
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that the selfsame high harmonic can make itself felt in two different 
ways : either, in the ordinary way, as colourfulness of tone; or, if 
you have temporarily silenced all lower harmonics, as a separate note. 

On some flue and reed instruments this process can be simply 
achieved (see page 46) by opening a 'speaker hole'; but this is not 
desirable on lip instruments. So you rely on what is called over­
blowing, which in this case is achieved by adjusting your lips and 
breath. 

That gives you a choice of notes which fall along the natural 
harmonic series. But there are many large gaps in this series, at its 
lower end. There is no natural harmonic between the first or funda­
mental harmonic and the second harmonic, an octave above. The 
next octave (topped by the fourth harmonic) has one intermediate 
note (provided by the third harmonic); the third octave (topped by 
the eighth harmonic) is better provided, having three intermediate 
notes (fifth, sixth and seventh harmonics); but not till the fourth 
octave (topped by the sixteenth harmonic) do you get a nearly con­
tinuous diatonic scale, with all but one of the chromatic notes still 
lacking (and that not very well in tune with our normal scale). 
Higher harmonics yet can be sounded as notes on certain lip instru­
ments by very skilful players, but we need not consider them at this 
point. 

How, then, are all the remaining notes not provided by the natural 
harmonic series to be found, since shortening the tube by holes is 
ruled out? They are found by the precisely opposite method of 
lengthening the tube. This may be done in different ways. 

The most satisfactory is that used in the trombone. This, for the 
greater part of its length, has a cylindrical tube: it is built in two 
sections, one of which slides over the other, thus winning the not un­
natural admiration of the legendary Shah of Persia who supposed 
that the trombonists were alternately swallowing and regurgitating 
substantial lengths of brass tubing. Not only can you lengthen the 
tube at will; you can do so to any length, within the limits which your 
arm can reach. 

The bottom note is the first or fundamental harmonic of its fullest 
length.1 As you shorten it again, you raise the pitch of this first or 

1 In practice, the first or fundamental harmonic cannot be sounded on 
the trombone when extended to its seventh position. It is merely there in 
theory. But in all shorter positions it is available in practice too. 

r. Renaissance Lyra da Braccia 

2. Rebec, Lutes 



3. Mediaeval Lyra da Braccio 4. Portative Organ 5. Gittern 



6. Lute, Tambourine, Cymbals 7. Rebec, Bagpipes, Harp 



8. Shawms and Trumpets, Dulcimer 

9- Singers and Instrumentalists: including (1) Trumpet, 
(2) Cymbals, (3) Portative Organ, (4) Luie, (5) Tambourine, 

(6) Psalten·es, (7) Harp, (8) Shawms 
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15. Viola da Gamba, two-manual Harpsichord 
14. Recorder 



16. Lutes, Viola, Spinet 18. Violone, Lutes, Guitars, Cittern 

17. Guittara Batteme, Lute, Trumpet, Violin, Tenor Violin and bow 19. Lutes, Guittara Battente, Violin and bow, Viola and bow 



20. Viola d' Amore and bow, Lute, Oboe, Trumpet , H arpsichord 

21. Guitar, D nlcimer or Psalrery, Flute, Violin and bow 

f. 
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fundamental harmonic: and 2tlso, of course, of its complete natural 
harmonic series. By jugglin,g about with different lengths, and 
different members of the nanual harmonic series which each differ­
ent length provides, you can get almost any conceivable note within 
the instrument's total range: and most of them in more ways than 
one. 

However, a majority of lip instruments are not cylindrical, but 
conical, for the greater part of their length. That precludes a tele­
scopic slide. The alternative is to insert additional lengths of tubing, 
either as 'crooks' which can be changed by hand in a few moments, 
or as permanently attached sections which can be instantly let into 
or cut off from the operative air column by means of ' valves' or 
'pistons'. Here, too, mechanization is not without its cost, but is 
on the whole necessitated by the many modulations and the chro­
matic harmonies of much of our present music. 

Both the richness of the upJper harmonics as tone colour and their 
availability as notes vary eno1mously with the design of the instru­
ment. 

Low harmonics are favoured by a broad, deep and tapering mouth­
piece; a short, wide bore; alld a slight bell. High harmonics are 
favoured by a narrow, shallow and angular mouthpiece; a long, 
narrow bore; and a flaring beU. 

Next, mainly cylindrical lip instruments tend to a more brilliant, 
and mainly conical instruments to a broader quality. 

Then there are the endless possibilities of different factors com­
bined. For example: horn an.d trumpet both have narrow mouth­
pieces, narrow bores, flaring bells. But the horn's mouthpiece is 
deep and tapered, the trumpe't's is shallow and angular; the horn is 
conical, the trumpet cylindrical; the horn bas a yet more flaring bell 
than the trumpet. In the upshot, both are very colourful, and capable 
of very high harmonic notes: but the horn is mellow and the trumpet 
silvery. 

Ilo : Throat instruments 

T hat is, the voice. 
The vocal cords are shaped rather like the lips, and likewise 

function as a double reed. Under moderate air pressure from the 
lungs, they vibrate with a pitch governed by their length, tension and 
weight. These factors are largely determined by sex and age : but 

1.0,.M,-C 
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within their natural limits they can be controlled very accurately, 
given the skill. Volume can be controlled by varying the air pressure 
(not that the singer does any of these things consciously in the 
ordinary way, of course). 

The vocal cords are coupled to a system of enclosed air cavities 
comprising the throat, the mouth and the nasal passages. These are 
credited with two marked formants: one low in pitch, contributing 
sonority; the other high in pitch, contributing the ring so valued 
by operatic connoisseurs. By changing the positions of the jaw, the 
tongue and the lips, the practised singer has a notable control of 
tone quality, though he must not modify it too far if he does not 
want to falsify his vowels, which are similarly controlled. 

IIE: Keyboard wind instruments 

An organ may combine many different qualities of tone, from pipes 
,of different designs, excited some by edge tone and some by reed 
tone. A harmonium has no pipes: it has powerful reeds which 
vibrate at their own natural frequency, uncoupled to any resonating 
system. 

There is little or no direct control of quality or volume: but an 
elaborate organ may offer very extensive indirect control by mechani­
cal means. 

III: THE FOUR SPECIES OF PERCUSSIVE RESONATORS 

IIIA: Membrane resonators: such as the drum. 
IIlB: Solid resonators: such as the triangle. 
Ille: Hollow resonators: such as the bell. 
Illn: Keyboard resonators: such as the celesta. 

lllA: Membrane resonators 

A stretched membrane will not of itself vibrate with sufficient 
regularity to yield a definite note. But if it is stretched across a more 
or less hemispherical shell, or if two membranes are stretched 
across two ends of a more or less cylindrical shell, etc., then a quite 
definite note may result from the resonance of the air within. And 
within reasonable limits, this note may be tuned by adjusting the 
tension of the membrane. 

Our Western drum technique is of two main kinds, each using 
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drumsticks with heads which may be uncovered wood, or covered 
with more or less soft material: the harder the head, the sharper the 
quality of tone. You can strike distinct rhythmic blows, which can 
be very elaborate, if you have the skill. Or you can merge the blows 
into a continuous roll, using the elasticity of the membrane to keep 
the sticks rebounding with great rapidity. In either case, you can 
vary the loudness by varying the strength or pressure of the blows: 
and to some extent the quality, by striking at different distances 
from the rim. 

In Eastern music, drum technique includes additional methods, 
in which the separate fingers and the palm of the hand are all em­
ployed to produce tone qualities and rhythmical patterns of the 
most extraordinary subtlety, greatly surpassing our own use of 
drums. 

IIIB: Solid resonators 

Solid objects of metal, wood or other more or less resonant materials 
will vibrate confusedly (as a rule) when struck or rattled. If you strike 
them with a hard material, their higher partials will be more promin­
ently excited, and you will hear a more jangling or metallic quality 
of sound, than if you strike them with a softer material, which tends 
to damp their higher partials and bring their lower partials into 
prominence. But only where one single partial very greatly pre­
dominates, as in the wooden bars of the xylophone, or the U-shaped 
metal bar of the tuning fork, will you hear a more or less definite 
note: though this note may then be of unusual distinctness and 
purity. 

Ille: Hollow resonators 

Objects of similar materials, but more or less hollowed out, can be 
similarly set in vibration. But since they contain air, they form a 
loosely coupled system, in which the bowl is the senior partner and 
the air the junior partner. Their acoustical behaviour is notably 
complex: hence the strangely mixed, elusive sounds produced by 
such instruments as bells. 

IIIn: Keyboard resonators 

Adding a keyboard to a series of resonators tuned to definite notes 



52 HOW M OSI CAL INSTRUMENTS WORK 

enables you co play chords, and makes rapid or complicated passages 
easier. 

IV: THE TWO SPEC'.!ES OF ELECTROPHONES 

IVA: Melodic electrophones: such as the aetherophone. 
IVB: Keyboard e.lectroplzones: such as the electrophonic (elec-

tronic) organ. 

IV A: Melodic electro phones 

Here, you may find your note by controlling, through some sort 
of variable condense1r, the oscillations of a pair of thermionic 
valves. 

A single valve will o:scillate at too high a frequency to be heard as 
sound. But a pair of valves can be made to give what is called a 
heterodyne frequency, equal to the difference between their several 
frequencies. This can be brought to any desired point within the 
audible range of vibr:ation frequency. It can be amplified to any 
desired volume, and fod to a loudspeaker: either by itself, as a pure 
tone; or combined with other similarly oscillating currents, to form 
an ordinary compound musical tone, whose quality you can control 
by varying the combill1ation. 

But only melody is available so long as you are confined to one 
electric circuit. 

IVB: Keyboard electrophones 

If the instrument is s:upplied, not with one circuit, but as many 
circuits as there are notes desired, you can replace the one variable 
condenser of the melodic electrophone with a keyboard, each key 
of which brings in its own previously tuned circuits. Chords and 
rapid passages become just as easy as on any other keyboard 
instrument. 

And, of course, subsidiary pairs of valves or transistors giving 
various qualities of tone can again be added to each several circuit, 
in numbers chiefly limiited by the length of the client's purse. These 
can be controlled by stops, and distributed over several keyboards 
(including a pedal or foot keyboard) until the result looks and be­
haves so like a great or1gan confined within a remarkably short space 
that it is becoming popularly known as the electronic organ. 
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The frequencies of the current fed to the loudspeaker may also be 
controlled magnetically or electrostatically. Both methods will be 
described later under the chief instruments (Hammond and Comp­
ton electronic organs respectively) employing them. 



PART THREE 

MUSICAL INSTRUMENTS 
DESCRIBED 

V· Bowed Strings 
JA: THE FOUR FAMILIES OF BOWED STRINGS 

IA, 1 : The Family of Violins. 
IA, 2: The Family of Viols. 
IA, 3: The Family of Lyras. 
IA, 4: The Family of Rebecs. 

IA, I: The Family of Violins 
-\ good many musicians, perhaps a majority, consider the violins' 
the reigning family of the musical aristocracy. They are the founda­
t ion of the symphonic orchestra: the other constituents may vary 
within considerable limits, but it is rare in symphonic music to 
employ an orchestra in which the usual complement of violins of 
all sizes is not present. A wind band without violins is a noble 
music : but it does not hold such a ruling position in our musical 
traditions. 

This ruling position only dates from the seventeenth century. 
The violin family emerged during the sixteenth century, becoming 
well established by about 1550; but like its near relative the rebec 
(see below) the violin was then regarded as chiefly suitable for dance, 
tavern and theatre music. About 16oo, Monteverdi was making 
excellent use of it; and thereafter the violin family was not long in 
achieving its present leadership (while the humble rebec became a 
rural rarity and, in some countries such as the Balkans, a persistent 
folk-instrument). 

Plates 13, 16-21, 23-26, 30. 
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I. The body (or' sound-box) 
2. Theneck 
3. The head 
4. The scroll 
5. The peg- box 
6. The peg-box cheek 
7. The tuning p,eg 
8. The nut 
9. The ftngerbo:ard 

10. The bridge 
II. The tailpiece 
12. The saddle 
13. The end-pin (or tail-pin) 
14. The belly 
15. The back 
r 6. The ribs ( or :sides) 
17. The upper bouts 
18, The middle (or centre) bouts 

19. The lower bouts 
20. The button (or neck plate) 
21. The neck bracket 
22. The corners 
23. The edge 
24. The groove 
25. The purfling 
26. The neck block 
27. The end-pin block 
28. The comer block 
29. The linings 
30. The bass-bar 
31. The sound-post 
32. The F-hole 
33. The F -hole notch 
34. The waist 
35. The scroll eye 
36. The tailpiece loop 
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The leadership of the violins is not the result of their tone quality 
alone; for while this is, properly handled, extraordinarily beautiful, 
it is not, in its own kind, more beautiful than are many other instru­
ments in their different kinds. 

The principle involved here is of general application and great 
importance. As we saw in Chapter II, music, being an expressive 
and not merely a decorative art, requires sounds of many contrasting 
kinds: harsh as well as mellow, brilliant as well as tender, cool as 
well as colourful, bitter as well as sweet. Some instruments have, of 
course, a wider and more varied range than others: but no one 
instrument can excel or even compete in all directions; and there is 
music needing and exploiting the best of every kind. Hence it is 
meaningless to call one instrument better than another, without at 
the same time asking: better for what music, or for what musical 
purpose ? And where the composer knows his business, it will be 
found that the answer is simply that the instrument which he 
selected for a particular piece of music or a particular purpose is the 
best for that music and that purpose. 

The qualities which have bestowed on the violin family its present 
leadership are not so much its beauty of tone as its extraordinary 
flexibility. Except for the voice, few instruments have quite the 
same power of modifying their quality and loudness in the course of 
a single note. The violin can sustain its tone still more tirelessly; it 
can attack each note with a still wider variety of styles, ranging from 
the smoothest legato (bonded style) to the most delicate staccato 
(detached style). Its range of notes is much greater, and it can jump 
about throughout this range with an almost unparalleled agility. It 
has an astonishing choice of different tone qualities: it has perfect 
control of pitch, enabling a good player to be always properly in 
tune. Finally, its normal, basic tone is of a satisfactory and fascinating 
kind that can be listened to almost indefinitely without palling. 

The treble violin. The term VIOLIN is from the Italian violino, or 
little viola. The strings when open (i.e. not stopped by one of the 
player's fingers) sound:g; d' ; a'; e''. 

You can play with good effect about two octaves above the top­
most open string. This may be made of fine twisted gut: but that is 
only reliable under favourable conditions of temperature and humid­
ity, and is nowadays ordinarily replaced by fine steel wire. The effect 
is a little less colourful as a whole, but very sweet and very brilliant 
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On very high notes wire is actually superior to gut. Nylon strings 
are good and do not stretch. 

The best bottom strings are of thin gut covered with very fine 
silve~ wire. But covered middle strings, though very common, are 
possibly less good for tone than plain gut of different gauges. The 
core may be of wire, but gut is better. 

You hold the violin between jaw and shoulder: to the left side 
(unless you are left-handed). You can place your chin to left or 
right of the tailpiece: the former position is now universal, though 
both have been in equal fashion. The neck rests between your left 
thwnb and forefinger: lightly, so that your hand can slide up and 
down smoothly to reach the different fingering positions. Your right 
hand holds the bow. 

The fittings of the violin have been considerably altered since the 
greatest period of violin-making, in the seventeenth to eighteenth 
centuries. The modem bass-bar (supporting the belly beneath the 
bridge at the opposite end to the sound-post) is heavier, to sustain 
the added tension of the slightly tighter and longer strings now used, 
the neck having been lengthened by about half an inch, and the 
standard pitch raised to about a semitone higher than what appears 
to have been that most prevalent among the varying pitches of the 
early eighteenth century. The modem bridge has also been raised 
and more highly arched, the angle of the neck being thrown back to 
correspond. 

The purpose behind this train of changes was to increase the 
volume of the sound. This has been to some extent achieved, at a 
certain cost in colourfulness and transparency. The violins of the 
modem orchestra are more powerful as well as more numerous than 
those of a typical seventeenth-century or eighteenth-century orches­
tra. This has genuine value for nineteenth- and twentieth-century 
music, particularly the great romantic composers such as Wagner 
and Mahler. For Baroque music such as Bach or Purcell it is a 
disadvantage, since it thickens the texture and makes the counter­
point less clear, as well as obscuring the sounds of such typical 
Baroque instruments as the harpsichord, the recorder, the lute or 
the gamba. It has become a difficult problem to balance the harpsi­
chord in a modern orchestra, even a small string orchestra such as 
is now generally and rightly used for Bach and other Baroque 
composers. The string tone, even if not actually too loud, is apt to 
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be too massive to let the harpsichord through with its own natural 
ease and brilliance. In part, however, this is a problem of playing­
style, and not only of the modern fittings of the violin family. 

Some violins of the classical period culminating in Stradivarius 
respond better than others to the increased tension and heavier 
bass-bar: in many cases there is no doubt that the result is magnifi­
cent, in others harmful to the verge of disaster. More discrimination 
is very desirable. The raising of the arch of the bridge should also 
be given some reconsideration. It makes it easier to apply great 
pressure and speed of bow with less risk of inadvertently sounding 
the adjacent strings; but it makes it harder to play three-part chords 
(and still more so four-part chords) without undue harshness and 
violence. Schering's theory, following by Schweitzer, that chords in 
Bach's unaccompanied violin solos were played by relaxing the hair 
tension of the bow while playing is totally erroneous, and no longer 
accepted by any up-to-date authority; such chords were partly 
treated as close arpeggios, but also require a moderately low arching 
of the bridge. It is undesirable for general purposes to use too flat a 
bridge, which allows insufficient clearance for loud, free playing; 
but a somewhat less highly arched average than the present might be 
found advantageous. 

The viola. The Germans call the v I o LA Bratsche, for reasons to be 
seen at the end of this chapter, when the history of bowed string 
instruments is briefly touched on. The French call it alto, quite 
correctly; for it is the true alto violin. We sometimes call it the 
tenor, because normally it plays the tenor part in modern music, 
the alto part being played by the second violin. But this is misleading, 
and undesirable, since the true tenor violin is a different instrument, 
to be described below. 

The viola is tuned a fifth below the violin: c; g (commonly wire­
covered gut); d'; a' (commonly uncovered gut). 

A body length of at least sixteen and a quarter inches is desirable; 
but many shorter instruments of good tone exist, as well as larger 
ones up to a maximum of nearly nineteen inches. The size of the 
resonating cavity cannot be the only determinant of the harmonic 
response, or every instrument of the same dimensions would give 
the same tone, which is contrary to eiq,erience. There is some ten­
dency to cavernous low notes and nasal high ones. But a skilful 
composer will often turn this anomaly to good effect, while a 
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good player can draw from his instrument a peculiar richness of 
tone. 

Evc!n on a small viola, however, the highest notes cannot be reached 
with quite the same agility as on the violin, so that the viola's upper 
range is for most practical purposes a little less. But a good player 
can o,vercome this obstacle too in astonishing degree. 

T~~ tenor molin. Until perhaps the period of Bach and Handel, 
the true TENOR VIOLIN is thought to have been in use, filling that 
awkward gap between viola and violoncello which no ingenuity on 
the part of composers can quite bridge. For if you bring your violas 
low o;r your violoncellos high, they are neglecting their own proper 
functiions, and giving, moreover, an out-of-the-ordinary quality of 
tone best reserved for deliberate effects. In fact, there have been 
several modern attempts to reinvent the tenor violin, in apparent 
ignorance of its once flourishing existence. Arnold Dolmetsch, how­
ever, revived it successfully. It is easily learnt by violoncellists, and 
its re:turn to general use would be an interesting and perhaps 
valualble development. Yet it was always a rarity since Monteverdi's 
days, no doubt because five-part writing declined and even four 
parts became less usual than three. Even the viola was in some dis­
reput1e during the eighteenth century, sometimes given uninteresting 
parts,, sometimes doubling the bass-part an octave up, sometimes 
left out entirely. But the viola came back into its own ,vith the 
string; quartets of Haydn and Mozart, especially the later ones. The 
tenor violin did not. 

The tenor violin at first lay a fifth below the viola, but settled 
down one tone higher: that is, an octave below the violin, or G; 
d (co11ered); a; e' (uncovered). 

The tone is satisfactory even in the extreme registers, for the 
instrutment is played violoncello-wise, and can thus be made to the 
size ideal for its proper pitch. But if it is tuned to violoncello pitch 
for children to learn on, it naturally sounds wretchedly feeble and 
unhappy. 

The violoncello. The Italian word VIOLONCELLO means little 
violon,e (as if we should say, little double bass). The violoncello has 
always stood a fifth below the tenor violin: that is, at first, B, fiat; 
F; c; g; but later, C; G (covered); d; a (uncovered). 

As on the violin, you can play about two octaves above the top­
most open string: but it is an exceptional accomplishment to coax 
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a really good tone so high, and classical chamber music does not 
demand so extreme a compass. 

Until the mid-nineteei11th century the violoncello, like the tenor 
violin, was played restin~t between the knees. In the mid-eighteenth 
century it was still sometimes (as it had been normally) bowed like a 
viol. New there is a peg to support the instrument, and the bowing 
is modelled on that of the violin. The bowing was changed in the 
mid-eighteeJ11th century; the peg only became established in the 
mid-nineteenth. 

As a solo instrumeJ11t, ·the violoncello has not quite got the versa­
tility which makes the viiolin so pre-emineJllt in this direction. The 
violin seems able to adaJpt itself to almost any mood or idiom; the 
violoncello is a little more apt to impose its own mood and idiom on 
the music. Its fundamental character is strong and noble. In music 
which draws suitably on this character, it is a very fine soloist 
indeed; elsewhere, it may not have quite enough lightness. It is 
magnificent in the orchestra, whether as soloist in a concerto or in 
its regular bass or tenor capacity. Possibly the most splendid of all 
its functions, however, is as the bass of the string quartet. A good 
'cellist in this role mak:es sounds of a beauty and expressiveness 
which could not possibly be surpassed. 

The double bass. The true double bass violin was quite common 
in Handel's day: there i:s an eight-footer in the Victoria and Albert 
Museum stated to have lbeen used in contemporary performances of 
his music. But playing it was 'a labour fit for a horse'/ and it was 
possibly kept for noisy occasions where a suspicion of coarseness 
might be overlooked. 

True double bass violins of a more ordinary size and musical 
refinement undoubtedly existed, but the question remains an obscure 
one for lack of sufficien1t evidence. Both the double bass violin and 
the double bass viol mig:ht be known by the Italian name of vi.olone: 
a further source of confusion. Whatever the historical explanation, 
the double bass as we know it not only today but in the numerous 
specimens surviving from the past is not in any strict sense a true 
double bass violin; it ils an instrument with some features of the 
violin family, but others: of the viol family. It is a violin in having a 
relatively thick and hea•vy construction, with a considerable weight 
of wood, and strings which are somewhat thick and tightly stretched; 

1 Johann Mattheson, JDa.s Neu-Eriiffnete Orchescre (1713), p. 286. 
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it is a violin in having no frets to giive the tone a sharper edge. It is 
a viol in having generally a fiat back and cut-away, sloping shoulders, 
both very great conveniences in an instrument so large to handle (a 
body length of forty-four inches is, usual, and such an instrument 
stands over six feet in height); it is a viol in being ordinarily tuned 
not in fifths (standard throughout the higher members of the violin 
family) but in fourths, again a matter of great convenience in 
reducing the amount of shifting needed for its long stretch (due to 
the great sounding leJ11gth of the strmgs); it is still occasionally (and 
was once ordinarily) a viol in being bowed underhand as opposed 
to the overhand bowing of the viol,oncello since the mid-eighteenth 
century. 

But what is really important is 1that, on account of its relatively 
thick wood and tight strings, the DOUBLE BASS (Contrabasso; some­
times misleadingly, 'bass viol' or just 'bass') sounds not like a viol 
but like a violin. Its rather powerful tone, wheJ11 really well produced, 
differs in colouring from that of t'he double bass viol, but can be 
made nearly as sharp and quite as pure. It is wonderfully beautiful 
m skilful hands. 

Thr commonest present tuning is E,; A; D; G. The technique is 
violoncello-lil<:e, and scarcely less agile: only less so because long 
strings need time to change from one vibration speed to another, 
thus precluding the rapidest succession of different notes. The upper 
range is somewhat shorter. In ~hamber music, decidedly small 
'chamber basses' are sometimes usc:d with excellent results. 

In the orchestra, the double basses often double the most import­
ant notes of the violoncellos an octave lower; but during the later 
nineteenth century it became increasingly usual to give them an 
independent line of their own. Plucked notes (pizzicato) are par­
ticularly effective, and may be used to pick out the bass line of the 
harmony with admirable clarity. 

The double bass has always rested on a peg, like the modern 
violoncello; the player stands or rests against a stool. Bowing, 
originally viol-wise, is now abnost universally violoncello-wise. 

Outlying members of the violin family. The violino piccolo (little 
violin) was usually tuned a fourth or a minor third above the violin: 
it was used by J. S. Bach, but was becoming obsolete in Mozart's 
day. The tone is sweet and pure at' its proper pitch, but wretched if 
tuned to violin pitch for children to learn on. 
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a really good tone so high, and classical chamber music does not 
demand so extreme a compass. 

Until the mid-nineteenth century the violoncello, like the tenor 
violin, was played resting between the knees. In the mid-eighteenth 
century it was still sometimes (as it had been normally) bowed like a 
viol. Now there is a peg to support the instrument, and the bowing 
is modelled on that of the violin. The bowing was changed in the 
mid-eighteenth century; the peg only became established in the 
mid-nineteenth. 

As a solo instrument, the violoncello has not quite got the versa­
tility which makes the violin so pre-eminent in this direction. The 
violin seems able to adapt itself to almost any mood or idiom; the 
violoncello is a little more apt to impose its own mood and idiom on 
the music. Its fundamental character is strong and noble. In music 
which draws suitably on this character, it is a very fine soloist 
indeed; elsewhere, it may not have quite enough lightness. It is 
magnificent in the orchestra, whether as soloist in a concerto or in 
its regular bass or tenor capacity. Possibly the most splendid of all 
its functions, however, is as the bass of the string quartet. A good 
'cellist in this role makes sounds of a beauty and expressiveness 
which could not possibly be surpassed. 

The double bass. The true double bass violin was quite common 
in Handel's day: there is an eight-footer in the Victoria and Albert 
Museum stated to have been used in contemporary performances of 
his music. But playing it was 'a labour fit for a horse',1 and it was 
possibly kept for noisy occasions where a suspicion of coarseness 
might be overlooked. 

True double bass violins of a more ordinary size and musical 
refinement undoubtedly existed, but the question remains an obscure 
one for lack of sufficient evidence. Both the double bass violin and 
the double bass viol might be known by the Italian name of violone: 
a further source of confusion. Whatever the historical explanation, 
the double bass as we know it not only today but in the numerous 
specimens surviving from the past is not in any strict sense a crue 
double bass violin; it is an instrument with some features of the 
violin family, but others of the viol family. It is a violin in having a 
relatively thick and heavy construction, with a considerable weight 
of wood, and strings which are somewhat thick and tightly stretched; 

1 Johann Matth.eson, Das Neu-Eroffnete Orchestre (1713), p. 286. 
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it is a violin in having no frets to give the tone a sharper edge. It is 
a viol in having generally a flat back and cut-away, sloping shoulders, 
both very great conveniences in an instrument so large to handle (a 
body length of forty-four inches is usual, and such an instrument 
stands over six feet in height); it is a viol in being ordinarily tuned 
not in fifths (standard throughout the higher members of the violin 
family) but in fourths, again a matter of great convenience in 
reducing the amount of shifting needed for its long stretch (due to 
the great sounding length of the strings); it is still occasionally (and 
was once ordinarily) a viol in being bowed underhand as opposed 
to the overhand bowing of the violoncello since the mid-eighteenth 
century. 

But what is really important is that, on account of its relatively 
thick wood and tight strings, the DOUBLE BASS (Contrabasso; some­
times misleadingly, 'bass viol' or just 'bass') sounds not like a viol 
but like a violin. Its rather powerful tone, when really well produced, 
differs in colouring from that of the double bass viol, but can be 
made nearly as sharp and quite as pure. It is wonderfully beautiful 
in skilful hands. 

The commonest present tuning is E,; A; D; G. The technique is 
violoncello-like, and scarcely less agile: only less so because long 
strings need time to change from one vibration speed to another, 
thus precluding the rapidest succession of different notes. The upper 
range is somewhat shorter. In chamber music, decidedly small 
'chamber basses' are sometimes used with excellent results. 

In the orchestra, the double basses often double the most import­
ant notes of the violoncellos an octave lower; but during the later 
nineteenth century it became increasingly usual to give them an 
independent line of their own. Plucked notes (pizzicato) are par­
ticularly effective, and may be used to pick out the bass line of the 
harmony with admirable clarity. 

The double bass has always rested on a peg, like the modern 
violoncello; the player stands or rests against a stool. Bowing, 
originally viol-wise, is now almost universally violoncello-wise. 

Outlying members of the vioHn family. The violirw piccolo (little 
violin) was usually tuned a fourth or a minor third above the violin: 
it was used by J. S. Bach, but was becoming obsolete in Mozart's 
day. The tone is sweet and pure at its proper pitch, but wretched if 
tuned to violin pitch for children to learn on. 
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The kit or pochette was still tiruer, being carried by dan~1~g-

in their nockern. It stands about an octave above the v1ohn, masters , . . • · lin with a small but clear tone; and it is either a diminuuve VIO or a 
diminutive rebec (see below). . . 

The viola d'amore1 is played violin-wise, but 1s variably tuned 
with 6-7 strings of gut, covered or uncovere~. Beneath the finger­
board lie (but not invariably) wire strings which so~d by sym~a­
thetic vibration, giving the tone a peculiarly sweet and silvery q~tty, 
rather apt to cloy in time. Bach used the viola d'amore on occasion; 
but it has comparatively little special literature. (Bu~ the ~e name 
was also applied to an ordinary violin tuned with Wire strmgs. Both 
forms date from the last third of the seventeenth _century.) The 
baryton was a similar, bass instrumen~, but s~o~t~r-~v~~-

1
• ,, • ,, 

The quinton has existed as a five-stringed Violin. g, d , a , d , g , 
and the name should llOt be used for the late five-stringed treble 
viols. There is some sllight evidence for a contralto or true second 
violin, a little larger than the normal violin, aod_tuned a t~ne lower: 
another instrument to have been abortively reinvented m modem 
times; but not nearly so necessary as the tenor vio~n. . . 

The viola pomposa was almost certainly a five-strmged alto vio~m: 
probably c; g; d'; g'; c". The viola da spalla ( ~f the sho~der) 1s a 
small violoncello of standard tuning, carried m p~ocess1~ns o~ a 
shoulder strap. The viola difagotto (of the bass~n) 1s a vmant_w1th 
wire-covered strings an.d an allegedly bassoon-like tone: The v_1olon­
cello piccolo (little violoncello) is a slightly small, five-s~ged violon­
cello: C; g; d; a; e'. (T.his is probably the same as t~e violoncef lo ~Ito 
of Boccberini; and pretty certainly J. S. Bach's VJoloncello a cmg 
acordes' in his sixth Suite for Violoncello.) . 

Violin bowing. All siizes of violin have similar bows of different 
weight. You hold the bow from above: and you play acccnted_notes 
so far as possible at tine end nearest your hand, where maximum 

·ght and maximum muscle power combine; unaccented notes at wet th . f the the other end. This is a technique well suited to e music o 
violins, in which more or less regular accents are the general rule. 

The modem violin bow-stick (perfected by Tourte towards ~e 
end of the eighteenth century) is incurved, lying nearest to ~e hall' 
in the middle. The curve is logarithmic, of which the effect 1s that 
the tension does not either increase or decrease however hard you 

1 Plate 20. 
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press. This favours a smooth;, sustained, massive style, suited to 
the general character of n.inetee:nth- and twentieth-century music. 

The stick of the earlier type of bow, besides being commonly an 
inch or two shorter and upwards of an ounce lighter, is out-curved, 
standing funhest from the hair in the middle. Hence the more you 
press, the tighter the tension gmws. This favours a sharp, articulated 
and pure style, suited to the general character of sixteenth-, seven­
teenth- or early eighteenth-century music. Its firmness helps with 
chords. For orchestral use, many early bows were very short indeed. 
For solos and chamber music,, they tended to be long, and were 
sometimes extremely long. 

IA, 2: The Family of Viols 
Historians used to believe that the viols1 were the primitive ancestors 
of the violins. This was an unwarranted aspersion: they are cousins, 
and flourished side by side for some two centuries after the rise of 
the younger, violin branch. The last celebrated bass-violist prior 
to modem times, Karl Friedrich Abel, died, aged sixty-two, in 1787. 

The viols have a good deal in common with the violins. Like all 
satisfactory bowed instruments, they have a superb command of 
nuance: they are ell.'tremely exp1ressive in capable hands. Their tone 
is also beautiful, but of a different quality; the technique required 
(e.g. for some bass viol solos) may be of high virtuosity. 

It is just as difficult to draw tble finest tone from a good viol as it is 
from a good violin: no instrumec1t should ever be judged except when 
played by a player of the first rank. But when the true tone of a good 
viol is heard, it proves, first, quieter than the violin tone; and second, 
edgier. 

These qualities are well suited to the most typical music written 
for the viols. This is usually of a contrapuntal cbatacter: in other 
words, several strands of melody are heard at once. And to hear them 
clearly, you need a tone which does not either over-assert itself, or 
blend too smoothly with its neighbours. The sound of a full 'consort 
of viols' is rich and homogeneous; but it is not so homogeneous that 
the separate threads fail to stand out distinctly. You can always 
follow them with ease, even when the part-writing is very complex. 
That is what I mean by calling viol tone more edgy: it has edge 

1 Plates J .s, 18, 22, 23. 



l, A viol 19. The upper bouts 
2. The belly of the viol 20. The middle bouts 

3. The back 
4. The neck 
5. The fingerboard 
6. The nut of the fingerboard 

21. The lower bouts 
22. The bass-bar 
23. The upper cross-bar 
24. The lower cross-bar 

7. The frets 
8. The pegs 
9. The bridge 

10. The tailpiece 

25. The cross-strip 
26. The comer fillet 
27. The upper block 
28. The lower block 

I I. The sound-post 
12. The bow 

29. The linings 
30. The linen reinforcement 

13. The hairs of the bow 
14. The nut of the bow 
15. The peg-box 
16. The figure-head 
17. The hook-bar 
18. The ribs 

strip 
31. The sound-hole 
32. The neck bracket 
33. The length of body 
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enough to stand out individually. For its own contrapuntal music, 
this is an essential virtue. 

The viol and the violin use exactly the same principle of a stretched 
string gaining vibrations from the friction of the bow, and passing 
these vibrations through the bridge to the belly, the back, the air 
within, and from the body outwards to the open air. In what, then, 
do they differ ? 

In shape: the back of a viol is usually flat instead of arched; the 
shoulders are usually sloping instead of rounded; the ribs are usually 
deep instead of shallow. Far more important, in weight: the wood is 
thinner; the strings are thinner too, but longer and slacker; the 
whole tension of the instrument is slighter, so that it vibrates with 
less amplitude but greater freedom. It is these latter factors which 
really differentiate it from the violin. 

The tendency to an edgy tone is reinforced by the pieces of fine 
gut, called frets, which are always tied round the viol's fingerboard 
at semitone intervals. Historians have imagined that these are meant 
to keep the player in tune; and indeed they do serve as a rough guide 
in that regard. But to play accurately in tune you must use your 
ears and adjust your fingers (by pulling or pushing) just as meticu­
lously as the violinist: while those who assume that the frets interfere 
with rapid fingering can have no first-hand knowledge of the correct 
technique. 

The real function of the frets is to give each stopped note the 
same ringing sharpness of quality which only open notes possess on 
the violin. For on the violin, you stop the string with the soft end 
of your finger, and get a more rounded tone: on the viol, you pr~ss 
your finger against the fret, which, being hard, gives a sharper quality 
of tone. In this respect, too, each of the two instruments is well 
designed to fulfil its own peculiar purpose. . 

The treble viol. The topmost member of the normal consort of viols 
(a group approximately corresponding in range to the modem string 
quartet of violins) is the TREBLE VIOL, tuned: d; g (covered); c'; 
e'; a'; d" (uncovered). 

The bottom string is too short for its pitch, and has a tubby tone: 
in practice, it is hardly used, though it will serve for an occasional 
note at need. The remaining strings are excellent, up to rather more 
than an octave above the topmost open string. Higher notes of good 
quality can be coaxed. 

BOWED STRINGS 

The alto viol. One tone lower stands the AL TO VIOL: c;f 
(covered); a (orb); d';g'; c" (uncovered). 

The alto viol is not always present in the consort, its place being 
more often supplied by a second tenor viol. The reason is partly 
that the strings of each member of the viol family are more numerous 
than are those of the violin family: partly that treble viol parts lie on 
the average lower than first violin parts, and therefore less distant 
from the lower members of the family. Even so, where the music is 
written in four or more very evenly spaced parts, the alto viol has 
its own proper place. The tone is slightly sombre but good through­
out, though still a little weak on the lowest string. 

The tenor viol. A fourth below the alto stands the TENOR VIOL: 

G; c (covered);!; a; d';g' (uncovered). T one excellent throughout, 
the bottom string being scarcely weak at all. 

The bass viol. A fourth below the tenor stands the BASS VIOL 

(commonly called the viola da gamba, or gamba for short; though 
strictly that name, which means 'viol of the leg', applies to all viols 
alike): (A,); D; G (covered); c; e; a; d' (uncovered). 

The low seventh string, when present, is not always satisfactory 
except for its lowest, open note. But the six-stringed instrument is 
superb throughout (its bottom D was tuned down to violoncello C 
at need). 

A good bass viol can be played quite easily, and with a unique 
beauty of tone, one and a half (with adequate skill two) octaves 
above its topmost open string: that is to say, in a register where the 
violoncello needs a deal of coaxing to draw a not wholly reposeful 
quality of tone. That is simply due to the lighter, less tense con­
struction of the viol. 

For this reason, though the violoncello is a most noble instru­
ment, the leading solo member of that family is the treble violin. 
With the viols, matters are the other way about : the leading solo 
instrument of the viol family is the bass viol, whose magnificent 
resources have been exploited (though not very extensively) by 
composers down to and including J. S. Bach. 

It is unfortunate, from our modem point of view, that in the 
greatest age of the gamba its leading exponents were performer­
c~mposers most of whose inspiration was spent in improvising 
Vtrtuoso music never set down on paper. From the mid-sixteenth 
to the mid-seventeenth century we know of a number of such 
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improvising masters of the gamba, among whom the Englishman 
Christopher Simpson was pre-eminent. He left enough written-out 
examples in his text-book, The Division Violist (1659), to reveal his 
poetry as well as his brilliance, but there is no wide repertoire of this 
kind surviving. In the early eighteenth century, the French school 
of Marais and Forqueray contributed works of typically French 
elegance and tenderness:, and there are a number of German works 
for gamba in addition to, the three justly famous sonatas (and several 
obbligatos) by J. S. Bach. But to a certain ex'tent the solo gamba is an 
instrument without a literature. 

The gamba may eventually attract the interest of modem com­
posers, since its qualities are quite outstanding. It has a certain 
snarling clarity in the bass register, a certain nutty warmth in the 
middle register, a certain ringing edginess in the upper register, all 
very different from 'cello sonorities, and all uncommonly attractive 
in their own r ight. Its 01rtly marked disadvantage is that it cannot be 
made to sound so loud, at least in the massive fashion of which the 
'cello is capable. It is su_rprising, however, how assertive a sound the 
gamba can be persuaded to produce if the handling of it is sufficiently 
strong and skilful. In r,::ally expert hands its tone can be not only 
expressive and beautiful beyond the ordinary, but much louder than 
is commonly supposed. 

Besides its solo capabilities, the gamba makes an excellent string 
bass for continuo accompaniment, with a characteristic colouring 
and transparency of its own which in many circumstances gives a 
better effect for accompanying voices or chamber instruments even 
than the 'cello; especially as the gamba adds up better with ~ 
harpsichord in chamber music than the 'cello does. In any capac~ty, 
the gamba should be pla1yed with its frets and its underhand ~ow~g 
as the true bass viol it is, not fretless and overhand as an infenor 
kind of bastard 'cello. 

The violone. An octave below the bass viol stands the double basS 
viol, normally referred 1to by its Italian name ofvroLONE: D,; G' 
(covered); C; E; A; d (uncovered). . 

The violone has a tone of quite remarkable silkiness, punty and 
ease of speech throughout its compass, softer, but perhaps more fi:C, 
than our present double bass. A good violone doubling a bass viol 
or a violoncello at the octave below is a wonderful musical effect. 

Outlying members of the viol family. We need only mention here the 
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rdessus, a fourth above the treble viol, with a sweet, glittering tone 

p~ its own. The division viol is a small solo gamba; the Jyra viol a yet 0 
maJJer version, variably tuned to suit certain full chords. 5 

Viol bowing. All sizes of viol have similar bows of different weights. 
Like the earlier violin bow, but unlike its modern successor, the viol 
boW curves outwards from the hair, and grows tauter the more you 
press on it. 

You hold the viol bow from below: and you preferably play 
accented notes at the end furthest from your hand. But in this 
method of bowing, there is very little to choose between one end 
and the other. If anything, you c::m thrust more vigorously at the 
point (far end); if anything, the w,eight of your hand and arm teUs 
more at the heel (near end); hence there is no strong predisposition 
to regular accents at either end, as there is at the heel in violin bowing. 

And this is a technique as well suiited to the most typical viol music 
as violin technique is to violin music. For the former, being ordin­
arily very contrapuntal and very free in rhythm, calls for many 
subtle accents irregularly distribmted; while the latter, being less 
often very contrapuntal or very free in rhythm, calls more commonly 
for sharp accents regularly recurring. As usual, technique is the 
faithful servant of expression. 

IA, 3: The Family ofLyras1 

This is distinct both from the classical lyre (a plucked instrument), 
and from the lyra viol mentioned above. 

The late medieval lyra da braccio (lyre of the arm) is played 
violin-wise with a nearly flat bridge and a long soft bow: its five 
strings sound more or less at once,, the top having the melody and 
the remainder a drone harmony in fifths and octaves much like the 
drones of a bagpipe. 

During the Renaissance, the bridge grew more arched, the strings 
became seven (tuned ooevenly), and genuine chords were employed, 
as well as drone harmony. The two lowest strings were to the side 
of the fingerboard, and not meant to be stopped. The five strings 
over the fingerboard and meant to be stopped might be tuned: 
g; g' ; d'; a'; d". The tone is smooth but ringing. 

The lyra da gamba (of the leg), a tenor lyra with up to sixteen 

1 Plates 1, 3, II. 
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strings, had a short but lively run round ~d about the later sixteenth 
century. It too is played with long sweepmg strokes. 

The bowed Welsh C1•wth may have some connection with the 
Lyra family, with which it has both drones and flat bridge in 
common. 

IA, 4: The Family of Rebecs1 

This can be traced under a diversity of names and in various sizes 
through the Middle Ages. By the Renaissanc~ it had declined 
socially, to become mainly a dance and tavern mstr~ent. It was 
then a complete family with several members, of which, however, 
only the smallest was at all prominent. 

Shaped often like a narrow pear sliced down the stalk, the ~e~c 
has usually three strings, but is otherwise tuned ~d playe~ v1ohn­
wise. There is normally no sound-post. The tone 1s a surprise: loud 
and pungent, with a wonderfully fiery colouring. A violinist can learn 
its technique with no great difficulty. 

An outline genealogy for bowed strings 
The early history of mo:;t instruments is obscure and controversial. 
But picture a wealth of medieval stringed instruments, with fluctu­
ating forms, shifting names, and almost interchangeably ~owed or 
plucked. Many may be of Eastern origin; and E'.15tern influence, 
especially through Moo1rish Spain, may have conunued._ ~ut pres­
ently three great bowed families emerge with tolerable d1s~ctness. 

One is the lyras, not unlike violins in shape and handlm~, ~d 
possessed of an iroportar1t feature _common _t~ ~oth viols and v1obns: 
the sound-post supporting the bndge and iommg be~y to back. 

Another is the viols, always fretted, always held upnght, an~ never 
under the chin violin-wise. Their shape and name vary; but instrU­
ments having these visible characteristics in pictures and sculptures 
can be traced far back into the Middle Ages. 

A third is the rebecs, not bellied like viols and violins, but flat~ 
tabled like lutes; propeirly lacking, also like lutes, the so~d-~st' 
but held, played and even tuned much like violins, and, likewise, 
unfretted. f: rs Now lack of sound-post and lack of belly-arch are related acto · 

1 Plates 2, 7. 

BOWED STRINGS 73 
for where the sound-post suppo1rts the belly a node must be caused: 
the belly is held stationary. The remainder of the belly is arched to 
]eave it free to vibrate on another plane: 'sound-holes' so called 
being cut lengthwise to help it to do so. This combination of rigid 
sound-post and arched belly has proved the best for tone produced 
continuously with a bow. Lyra, viol and violin share it in common. 

Contrast with this the flat-tabled, sound-postless rebec. Here, 
there being nothing to impose a node, the table can vibrate freely 
as a "·hole, ,vith a maximum towards the centre, It is the back which 
arches, so steeply (in the standard pattern) as to join the table with 
no side-ribs in between at all. Such a vaulted back contributes 
much more substantially to the tone than the flat or slightly arched 
back of viols, lyras and violins. And it is this combination of flat, 
free table with steeply arched, vaulted back that proves best for 
tone produced intermittently by plucking. The lute is its acme, as 
we shall see. 

The fourth great family, that of the violins, did not emerge until 
the sixteenth century, when it S<!ems to have borrowed its shape, 
its sound-post and its mode of handling chiefly from the lyra; its 
tuning and perhaps its bowing chiefly from the rebec; and nothing 
essential at al l from its nearest collateral, the viol. Yet these cousins, 
viol and violin, though they are djstinct, and the one is in no sense 
the ancestor of the other, are near blood-relatives. Their very names 
bear witness to that. 

T he first member of the violin farnily to appear was historically the 
alto member, called then, as now, viola; which is simply Italian for 
viol. To distinguish the two families, the violins were loosely referred 
to as viole da braccio, or viols of the arm, despite the fact that the 
larger members, when they appeared, were played downwards, 
being too big to hold violin-wise. To this day, as we noted, a German 
name for viola is Bratsche. And 1the viols, being all played down­
wards, were quite accurately referred to as viole da gamba, or viols 
of the leg. 

The viols are now again in use for the sake of their own excellent 
rcpenory of chamber music, especially from early seventeenth­
century England, and late seventeenth- and early eighteenth-century 
France and Germany. Their virtuc!S being distinct from those of the 
violins, both families are needed, as complementary rather than 
competing instruments. 



VI· Plucked Strings 

lB: THE FOUR FAMILIES OF PLUCKED STRINGS 

IB, I : The Family of Lutes. 
IB, 2: The Family of Guitars. 
IB, 3: The Family of Citterns. 
IB, 4: The Family of Harps. 

IB, 1: The Family of Lutes 

The LUTE1 is the best of all the sliced-pear instruments, whose 
acoustic properties we considered when dealing with the rebec. But 
the lute bas a much wider flat table, and a correspondingly larger 
vaulted back, made of jointed strips or ribs, and of remarkable 
resonance. The pear, so to speak, is a much bigger and finer pear. 
There may be an ornamental 'rose' cut in the centre of the table. T he 
ribs are astonishingly thin, and the table, of pine like most such 
sounding-board resonators, is not much thicker. The resonance is so 
free that you can feel the instrument picking up vibrations even from 
a speaking voice near by; for the same reason (lightness of construc­
tion) the maximum amplitude is not great. There are plenty of ring­
ing upper harmonics to give a fascinating tone-colouring, but not 
much massive energy in the lower harmonics to give volume. 

As a consequence, lute tone is not very loud, but (when well 
produced) peculiarly colourful and expressive. When badly played, 
however, the instrument sounds dry and prickly. It is a difficult 
instrument; chiefly because the technique has to be so very accurate 
for good tone-production; but there is also a certain problem in 
keeping a lute really well in tune. All stringed instruments are in 
some degree troublesome to keep in tune: but thick, tense strings 
stand best. Thus the piano gives little trouble; the violin, not m uch 
trouble; the viol, a little more; the lute, with its many thin strings, 
more still. But a good lutenist will contrive to keep his intonation 
very good indeed. 

Like the viol, the lute has frets of fine gut tied round the finger-

1 Plates 2, 6, 9, 10, 16-20. 
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board at semitone intervals. These help in catching full chords rapidly 
and sure!y : but ~s on the viol, their real function is to give a sharp 
and ri.ngmg quality on stopped notes. You cannot wholly trust to the 
frets co keep you properly in tune. For unless you use your fingers 
nearly as accurately as a violinist does, you may be but indifferently 
well in tune; and your tone, too, will sound lifeless, Jacking its 
proper ring and beauty. 

While t he fingers of your left hand are busy finding their exact 
position, precisely on the binder side of the appropriate frets, your 
right hand is plucking the strings, not clumsily with the ball of the 
finger, but delicately with the extreme tip of each finger (except the 
little finger, which rests on the table, to support and steady the hand), 
and the extreme edge of the thumb. Occasionally, for certain full 
chords,, you sweep fingers and thumb across the strings in opposite 
directions simultaneously. 

The strings of the classical lute ( except for the topmost string) are 
not sing!~, but tuned in unison pairs or sometimes (lowest three) 
octave pairs (courses). You must pluck each string of the pair (both 
with one fingertip) very evenly and truly to produce a proper tone: 
and you may be plucking as many as four pairs at once (including the 
thumb). There were generally six courses on a sixteenth-century 
lute, lying over the broad fingerboard, and stopped with the left 
hand as: required. But from the latter part of the sixteenth century 
there may be further courses, often lying outside the fingerboard 
and played open: that is to say, unstopped. These, the diapasons: 
add a wonderfully deep and resonant bass to the instrument· besides 
which, they vibrate sympathetically even when not played. ' 

There are many sizes and varieties of lute, from the smallest treble 
lute wi~1 no ~apason strings, to the theorbo with its separate peg-box 
m~untmg diapasons of greater length than the higher, stoppable 
stnngs: a length appropriate to their lower pitch, so as to oive them 
the b 'bl . b· 
u est ~oss1 e tone. A still larger lute, with the second peg-box 
? _to twice as far from the lower end-piece as the first peg-box 

givmg basses of quite exceptional depth and resonance might b~ 
known as ch£tarrone. Arch-lute describes any large lute. ' 

5
• The niniogs of the lute are too diverse to be listed here. A standard 

t:tee~th-century tuning would be G, c, f, a, d', g'. The left-hand 
hnique of the lute and of the viol is very similar. 
Th · b · ere is no ridge on the lute, to raise the strings near their lower 
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end, as there is on bowed imstuments, where you could not bow the 
strings separately at all if they were not raised to different levels by 
the arch of the bridge. As in most plucked instruments of the lute 
and guitar families, the striings are simply fixed, at their bottom end, 
to an end-piece glued to the table. 

There is another common difference betWeen bowed and plucked 
instruments. Violins, viols, and the like, whatever the rest of their 
outline, must needs be given waisted sides, so as to leave space for 
the bow to tilt sufficiently t:o reach the top and bottom string without 
first coming into collision with the sides of the instrument. Of bowed 
instruments, only the rebec does not need these incurved waists, 
because it is so narrow anyhow. But plucked instruments have no 
need of waisted sides, though they may have them. This fact makes 
possible the noble simplicity of the lute's outline. 

The MANDORA family is another branch of the lute family: its 
best-known relative is its tr·eble, the mandoline. But of that the strings 
are normally plucked with a hard plectrum instead of with the finger­
tips, and as the strings theimselves are mainly wire, instead of gut or 
wire-covered gut, the tone is less colourful and the technique less 
subtle and expressive. Both in form and technique this is nearer to 
the medieval lute ( often ]plucked with a plectrum and somewhat 
small in the body) than it is to the highly developed lute of the 
sixteenth and seventeenth centuries. 

The Spanish VIHUELA is a versatile instrument, with a shape 
closely resembling a guitar. Plucked with the fingers ( vihuelade mano ), 
it is musically a lute; plucked with a plectrum (vilutela de pendola), 
it is not far off a mandoline. There is also a bowed vihuela, which is 
structurally the same but technically a different instrument: in short, 
a viol. 

In, 2: The Family of Guitars1 

The GUITAR has slightly waisted sides, though, being plucked, it 
does not need them. But stringed instruments in the Middle Ages 
had a way of fluctuating be·tween the two modes of tone-production: 
as the vihuela (a very close relative of the guitar) always did. The 
waisted shape is as old as Babylon and had originally to do with the 
feminine symbolism of strilng instruments. 

The guitar back is commonly flat, like a viol. There are gut frets 
1 Plates 17-19, 21. 
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(in modern times, fixed metal frets, which are perhaps less good, 
since they cannot be adjusted at will to temper the intonation of a 
slightly false string - and most strings go a little false before their 
life is up). The table is always flat; it may have an ornamental 'rose'. 

The Renaissance guitar is double-strung, with five courses. It is 
easier than the lute, and though less beautiful and expressive, 
not excessively so. Lute music sounds very well on it. 

Early in the eighteenth century, the double-strung guitar gave way 
to the single-strung guitar, with six single strings, and a tone which, 
though good of its kind, is no longer compa.rable to that of the lute. 
This is the modern instrument, which in Spain exists as a complete 
family of four sizes : guitarillo (with five strings); requinte; tenore; 
and g11itarra (bass guitar: the one normally most familiar). Segovia 
has gained as well-earned a glory for the g:uitar today as Dowland 
once did for the lute. 

The guitar has two basic techniques: pl1Jcking proper, as in the 
lute: or thrumming. 

The ukulele is a diminutive four-stringed guitar of little resonance. 
The Hawaiian guitar has metal stritngs an,d great resonance. It is 
played unfretted, flat on the knee, with finger-pieces called 'thimbles'. 

IB, 3: The Family of Citterns 

The CITTERN1 or CITHREN has rounded sides, like the lute (though 
more nearly circular); but a flat back, like tlb.e guitar. It is not to be 
confused with the gittern, 2 which is a late-medieval relative of the 
guitar. (The so-called English guitar is, however, a form of cittern.) 

The cittern exists in many sizes, possessing from four to tWelve 
pairs of strings. That is to say, it is double-:strung, like the lute and 
the early guitar. But its strings are properly of wire, like those of the 
maodoline. It is played either with the fing,ers or sometimes with a 
plectrum;, but in neither case is it particularly expressive, unless 
~usually well played. It was an extraordinarily popular lowbrow 
mstrurnent in Elizabethan days. 

The pandora or bandora is best classed as a branch of the cittern 
family, large enough to act as a cheaper subs:titute for the theorbo in 
accompaniment. It is not to be confused with the mandora, which, 
as we saw, is the name of that branch of the lute family whose smallest 
and most familiar member is the mandoline. 

1 Plate 18. : Plate 5. 
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The orpharion and (distantly) the poliphant are further cittern 
variants, of which the first-named is interesting for one characteristic 
faature: the end-piece 1to which the strings are fastened at their 
lower end is glued slantv,ise, so as to give a greater sounding-length 
to the lower than to the higher strings ; the fixed inlaid frets are pro­
portionately slanted to oorrespond. It was a cheap substitute for the 
lute, and similarly tunedl. 

The banjo may conceivably derive its name from the bandora. 
Instead of a hollow wooden body, it has a shallow metal hoop with 
a membrane stretched across the top. It has, in one form, four pair& 
of metal strings, played with a pleetrum, when it has a hard but 
brilliant note (the mandoline-banjo). Normally it has five to nine 
single gut strings, played with the fingers. 

lB, 4: The Family of Harps 
Unlike the instruments so far described, the HARP1 has no finger­
board. You do not ordimarily stop the strings to get different notes: 
you pluck another string. There are more or less numerous strings 
of different lengths, mounted on an approximately triangular frame, 
one side of which is a hollow wooden box, acting as a resonator after 
the same fashion as a violin body. 

The Irish harp or clarseaclz has up to forty-five wire strings, and a 
brilliantly ringing tone; the so-called Celtic harp has up to fifty gut 
strings, and a softer hut more expressive tone. Each is tuned 
diatonically: that is, in a selected mode and key, without extraneous 
(chromatic) semitones. 

The chromatic harp has strings for each semitone. An early form 
was Monteverdi's double: harp with two rows of strings, one for dia­
tonic notes, another set ]parallel for chromatic notes; it was tho~ 
to be a late sixteenth-century Irish development, but this is uncertalD, 
The hooked harp is diatonically tuned, but has a set of pivoted hoo~ 
each of which, when turned sideways, can be made to press on o~ 
string, and thereby to raiise its pitch by a semitone. The single-actwlf 
pedal harp has foot-pedals for operating these hooks with the f~t, 
in the actual course of a piece; and finally, the modem double-acUO,, 
pedal harp, perfected early in the nineteenth century by Erard, haS 
pedals for raising the lowest pitch of any or all strings by either one 
semitone or two. This is the normal orchestral instrument of todaY, 

1 Plates 7, 9, II, 30, 36. 
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fully adapted to the needs of our ~reely r~o~ulating music~ and of 

!ear and telling though not espeoally bnlliant or expressive tone. 
~ \ however, extraordinarily beautiful in the orchestra when well 
c:~~osed for, and h~s the useful virtue of be~g decidedly loud. 

The Aeolian harp 1s not actually a plucked mstrument at all. Its 
srrings of fixed pitches 3:e exposed to a curr_ent ?fair, _which se:s 
them in motion as the wind sets telegraph wrres m motion (by arr 
ddies on alternate sides). As the strength of the breeze varies, 

~fferent members of the harmonic series of each string are heard, the 
esulc being that unearthly harmony descriibed by Thomas Hardy in 

~he Trumpet-Major. It was, I suppose, an aeolian harp which gave 
rise co that most fascinating of all musical fairy legends : the harp 
that plays itself. 

The PSALTERY1 and the DULCIMER are dose relations of the harp. 
Strucrurally, they both consist of strings of varying length, stretched 
on a triangular or rectangular frame, over :a sound-board. You pluck 
the psaltery with your fingers or a pleetrum: the tone is extremely 
bright and resonant, indeed a confusing jangle unless you deftly 
damp the strings by hand between the notes. The present representa­
tive of the psaltery is the zither, with five metal melody strings over 
a metal-fretted fingerboard, and a num1ber of open (unstopped) 
accompanying strings of gut (covered or uncovered), whose softer 
tone sets off the metallic brilliance of the melody. 

You play the dulcimer with a pair of hammers or drumsticks held 
one in each hand. The modern form heard in Eastern Europe includes 
chromatic semitones. The tone is colouxfuJ.; rapid tremolo effects are 
telling and exciting; but confusion likewis,e results unless the strings 
are deftly damped by hand. The current name is cembalon in a great 
variety of spellings. The virtuosity with which this simple instrument 
is played in many folk-orchestras is unforgettable once heard. 

1 Plates 9, 10, 2 I. 
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!c: THE THREE FAMILIES OF KEYBOARD STRI~GS 

Ic, 1: The Clavichord Family. 
Ic, 2: The Harpsichord Family. 
le, 3: The Pianoforte Family. 

Ic, 1: The Clavichord Family 
Beethoven said: 'Among all keyed instruments the clavichord was 
that on which one could best control tone and expressive interpre­
tation.' 1 In his day the CLAVICHORD was going out. But it was a 
favourite instrument of J. S. Bach, who wrote for it probably all, 
certainly many, of his immortal Forty-eight Preludes and Fugues. 

Such clavichord music is usually played on the piano at the present 
time. It can, of course, sound very fine: but given an equally inspired 
performance, it makes a very much finer effect still on its own instru­
ment, which has quite different and by no means inferior qualities. 

The clavichord did not come into prominence before the sixteenth 
century, though the principle is much older, and the instrument itself 
may date before the fourteenth century. This principle is what is 
called tangent action. 

The tangent is a brass wedge set upright at the far end of a pivoted 
wooden lever. When you depress the near end (the visible key), the 
tangent is raised smartly into contact with the string ( or often course 
of strings: for a unison pair is usual, the material being covered or 
uncovered brass). 

The string is divided into unequal lengths, of which the shorter is 
kept voiceless by interwoven strips of felt. The longer, however, is 
caused by the impact to vibrate, giving a note predetermined by the 
weight, length and tension of the string in question. 

But not wholly predetermined. For though the tension has been 
set within very fine limits by adjusting the tuning-pins in the ordinary 
way, within still firmer limits the player can control the tension 
directly, by pressing more or less firmly on the key. 

1 Cited in Grove's Dicrio11ary of Music and Musicians (1927 ed.), i, 662. 
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This gives him something of a violinist's direct finger control over 

that eKprcssive, faintly but regularly fluctuating variation of intona­
tion which is called vibrato. But when he releases the key the sound 
is instantaneously damped. 

Now in apparent theory, since every increase in pressure must 
needs iraise the pitch, it ought to be impossible to vary the expression 
without playing out of tune. This has misled some historians (per­
haps prejudiced already by hearing a bad clavichordist) into deducing 
that the clavichord is inherently defective. But it is the theory which 
is defective, not the instrument. 

HITCIH PIN VIBRATING LENGTH Of !>lRING 

'ir--~~~1t~::-:.===:J~_j1 .. 
V 

BRIDGE 

Fig. 21. Clavichord action 

'TUNING 
PIN 

By striking more sharply, you can heighten the velocity of the 
tangent, thus increasing the loudness, without appreciably altering 
the pitch. If, however, you are clumsy, you may then exaggerate the 
pressur-e, thus playing out of tune. This is especially Jjable to happen 
to pianists casually essaying the clavichord. For the touch of these 
instrwnems is radically different: and it is impossible for the pianist 
to unlearn in a moment the almost unconscious muscular habits 
acquir,ed by years of drawing the best results from his own instru­
ment. Even if he docs not play the clavichord out of tune, he cannot 
hope to make it speak in its finest tones without proper study. 

When well played, the clavichord, though less brilliant than the 
harpsichord and less massive than the piano, is, as Beethoven noted, 
more s,ubtly expressive than either. Its loudest tones are very soft, 
but its softest tones are unbelievably softer still: and your control 
over thus whole dynamic range is, from the nature of the action, 
more intimate than any other keyboard instrument affords. And, in­
deed, .a (relatively) loud chord on the clavichord sounds more ex­
plosiv(: than the (absolutely) loudest chord of the mighty piano itself, 

1.0.M.-D 
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so that those sudden outbursts, for example, which punctuate the 
closing passages ofJ. S. Bach's Chromatic Fantasia acquire, by sheer 
contrast, a tragic power and horror on the tiny clavichord which no 
concert grand piano c:an approach. 

Again in fugal music, to make a fugal entry stand out clearly on the 
piano, you have to play it decidedly more loudly than the accompany. 
ing parts. But on the clavichord, you have no need to hammer the 
structure down your hearers' ears; for the tone is of such clarity that 
the counterpoint is more easily made distinct, while the fugal entries 
can be given a more expressive nuance by direct finger control, as 
on no other keyboard ilnstrument. And finally, the sensuous beauty of 
good clavichord tone .is itself very moving. 

Clavichords prior to the early eighteenth century were made with 
more than one tangem striking each course of strings at different 
points (gebunden or fretted clavichords). If two notes thus effected on 
the same string were played together, only the higher would sound; 
but a good player coulld trill rapidly between them. The fretting was 
so arranged that only notes not likely to be wanted simultaneously 
in the commoner keys were 'gebunden'. But in J . S. Bach's time the 
bundfrei or fretless clavichord had become general, having one course 
,of strings to every not:e; and it is in this more satisfactory form that 
the clavichord has been put into modern production. C. P. E. Bach 
used an unusually large and excellent clavichord (his Silberman was 
famous) the tone being notably louder. Such an instrument might 
be valuable today. 

le, 2: The Harpsich,ord Family 

At about the same time at which the clavichord emerged, another 
family of keyboard so:inged instruments made its appearance upon 
the early Renaissance scene. T his is the family of which the general 
name, and also the particular name of its most elaborate member, is 
HARPSICHORD.1 

In principle, a harpsichord is a psaltery to which a mechanical 
.action and a keyboard have been attached. In its simplest form, this 
instrument has one k,~yboard working a single set of wire strings 
(covered and uncovered) stretched (but unlike the clavichord, fullY 
s tretched) above a sornnd-board; the pitch of each string being de-

1 Plates 15, 20, 22, 23. 
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rrained by its weight, length and tension, and finely adjusted by 
:ghtening it or slackening it where it :passes round_ its tuning-pin. 

T he scring is plucked by a plectrum, made of quill or leather, and 
·ed sideways on an upright jack. The jack is raised by the further 

~ n d hih ' th d ofa pivoted lever, when you depress the nearer en , w c 1s e 
e~ ible key. When you release the key, the jack falls back, bringing a 
;:all piece of felt into contact with the! string, and thereby instantly 

Fig. 22. Harpsich<Jrd action 

damping its vibrations. The plectrum does not pluck the string a 
second time, when the jack falls back; but is binged so as to slide 
past the string as noiselessly as possilole, and the slight jangle thus 
caused is damped at once. 

This simple harpsichord with a single set of strings, operated from 
a single keyboard, was the first to evolve; in England it is known 
alternatively as the virginals or the spinet.1 The harpsichord proper 
is simply a more elaborate version of the same instrument. It has 
two, three or four complete sets of strings, operated by separate sets 
of jacks. If two sets of strings, they are likely to be tuned in unison, 
and a hand stop, knee stop, or pedal may be added for throwing one 

1 Plate 16. 
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set out of operation at will. The unisons, when sounded together, 
have a peculiarly ringing quality of great beauty. Until about 1650 
the word virginals was used of this full-sized harpsichord, as well as 
of the smaller version nowadays more usually intended by virginals. 

Where there are further sets of strings, one is usually tuned an 
octave higher (the four-foot register), and when brought in, adds 
further brilliance; another, very rare prior to modem times, is tuned 
an octave below (the sixteen-foot register), and adds solidity and 
depth. Their separate pitch is not consciously detected, but merges 
with that of the unisons (the eight-foot register). But if the unisons 
are thrown out of operation, and the four-foot or the sixteen-foot 
register is brought in alone, either will be heard at its proper pitch, 
yielding two further qualities of tone. Another, very eerie tone results 
when the four-foot and the sixteen-foot are combined, without the 
eight-foot unisons. A two-foot stop two octaves above the eight-foot 
is not unknown. 

Yet other devices are found in some harpsichords. There may be a 
separate set of jacks so placed as to pluck one set of strings nearer 
to its end (lute stop): this gives a rather hard but powerful and 
brilliant tone. There may be stops which bring felt or leather pads 
lightly into contact with the strings, thus partially damping them, 
and resulting in a somewhat muffled tone (harp or buff stops). Where 
some sets of jacks are equipped with leather plectrums, and others 
with quills, their warmer and colder tones can be effectively 
contrasted or blended. 

Louds and softs can be contrived in two ways, singly or combined. 
Added stops can gradually (or suddenly) be brought in until the full 
harpsichord is sounding; or withdrawn until only a single set of 
strings is sounding. And if (as is normal on all but the simplest 
instruments) the jacks are mounted on movable slides, they can be 
brought a little closer to their strings, or a little further from them: 
in the first case, the plectrum plucks more sharply, and gives a 
louder tone; in the second less sharply, and gives a softer tone. This 
change, too, can be gradual or sudden: it is a modem device. In the 
later eighteenth century there was occasionally a third method, by 
opening or closing wooden shutters placed over the strings; but this 
is not entirely satisfactory, since, when shut, they muffle not only the 
loudness, but also the characteristic brilliance of the tone. 

It will be seen that the harpsichord, like the organ, employs a good 
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deal of machinery for its effects. The player, by his touch, cannot 
very substantially alter the volume of the resulting tone. But he can 
alter it quite sufficiently to mark the difference between an accented 
note alld an unaccented one: which is the foundation of expressive 
phrasing. And in respect of quality, the evidence of your ears will 
speedilly convince you of the difference between the brilliant cascade 
of sow1d produced by a harpsichordist whose touch is fine, and the 
relativc:ly lifeless tone produced by one whose touch is poor, or is 
more proper to a piano than to a harpsichord. 

So r:ich is a good harpsichord in high and dissonant harmonics that 
some cars find it over-harsh. This is, however, largely a matter of 
unfamiliarity. To one consciously hearing the piano for the first time, 
the ine:vitable violent accent with which every note commences, and 
the relative rapidity with which the ensuing tone dies down, might 
seem ~ntolerably forced. It is the same with the crisp sparkle of the 
harpsi<;hord : at first it may seem strange, and even jarring; in time, 
its magnificent robustness and its fitness for its own proper music 
powerfully commend it. Moreover, the harpsichord is now (1962) 
becoming almost as familiar as the piano, and it is beginning to be 
taken, as it should, very much for granted among our current instru­
mental resources. 

T he tone of the harpsichord family is, like that of the clavichord, 
well adapted to contrapuntal music, each thread of which stands out 
with r~:ady clarity. Our own Elizabethan keyboard music is often well 
design,ed for the little virginals, and is then best on this simple form 
of harpsichord. On the other hand, the great Toccatas of J. S. Bach, 
and th,e like, demand the surge and brilliance of the big harpsichord, 
for which, in this role, there is no satisfactory substitute: while some 
eighteenth-century harpsichord music imperatively demands the 
double: keyboard of the larger instruments. For accompanying music 
of the seventeenth and eighteenth centuries, the harpsichord is 
indispensable. 

It w:ill be as well to warn the reader that old harpsichords are rather 
commonly to be heard which have been very faultily restored, so 
that their tone is feeble and perhaps uneven; as well as new ones 
which, usually in a misguided endeavour to secure greater absolute 
loudness, have been given an excessively harsh, metallic tone and 
unresponsive touch. Neither the feebleness nor the harshness is 
proper to the instrument. The tone of a good harpsichord, correctly 
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played, should be brilliant, but satisfactorily sustained, full, round, 
warm and colourful. 

le, 3: The Pianofort1~ Family 

The PIANOFORTE is 1to the modem age what the lute was to the 
Renaissance, and the cilavichord and harpsichord to the Baroque. It 
is the common solo and accompanying instrument of the home. For 
this, being, like them, atn instrument of harmony, it is self-sufficient: 
a whole world of music beneath your single pair of hands. 

Besides its domestic JpopuJarity, the piano, like the big harpsichord 
of the Baroque age, has a public function to fulfil. It was no accident 
that the nineteenth century, with its taste for romantic grandeur and 
its unprecedented cul1tivation of the public concert, evolved the 
modem grand piano. A great literature has been written to exploit this 
massive but expressive :instrument, both as a recital soloist and as the 
solo partner in concertos for piano and orchestra; in which environ­
ment it is amply equipjped to hold its own. 

For public purposes, the full-size concert grand piano is used; for 
domestic purposes, the 1smaller grand pianos, down to the baby grand, 
are more suitable. Wh:ere space and expense are considerations of 
importance, a good upnght piano will give admirable results (better 
than an indifferent or o,ver-small grand); next come smaller upright 
cottage pianos, and so down to the little, obsolete, horizontal square 
piano (it is really an oblong) so popular in the eighteenth century. 
The oldest surviving pianos were made by Cristofori at the beginning 
of the eighteenth centw'Y: but these are known to have had forgotten 
precursors. 

The pianoforte (Itali:IUl for 'soft-loud') acquired its name from its 
power of passing through insensible gradations from soft to loud and 
back again, by touch alone. Now as one of J. S. Bach's sons (C. P. E. 
Bach) wrote: 'A good c;lavichord possesses -with the exception that 
its tone is weaker - all the beauties of the former [the pianoforte].' 

The novelty of the c:arly piano, in short, was not its expressive 
touch alone, nor its loudness alone, but its combination of the two. 

In its essential prindple, the piano is a dulcimer to which a 
mechanical action and a keyboard have been added, just as the 
harpsichord is a psalter:r with the same additions. But as a matter of 
historical development,, the first pianos closely resembled harpsi· 
chords provided with at hammer action in the place of a plectrum 
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action; though two or three unison strings, simultaneously struck by 
the same hammer, are normally pro1vided for each note. When you 
depress a key, the impetus is transmitted through a more or less 
complicated action to the hammer, which flies up to strike its strings 

"-22 
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Fig. 23. Piano action 

I. Hammer head u. Grand jack regulating pin 
2. Grand shank and roller and button 
3. Grand flange and repetition 12. Grand lever 

screw 13. Grand lever block 
4 . Repetition lever 14. Grand lever flange 
5. Repetition lever regulating 15. Set-off button and pin 

screw t6. Grand butt rail 
6. Repetition spring regulating 17. Grand lever rail 

screw I 8. Grand rest rail and baize 
7. Repetition lever flange 19. Grand standard 
8. Bent block 20. Brass capstan screws 
9. Repetition spring and cord 21:. Key 

10. Grand jack 22. String 

with a velocity proportionate to the impact of your finger; while at 
the same time their damper is raised, until the key again is released: 
when, unless the so-called 'loud' pe,dal (the damper-raising pedal) 
has been depressed, the damper is restored and the string falls 
silent. 

A piano action has to be more ce>mplicated than a harpsichord 
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action (and much more complicated than a clavichord action) to pro­
vide for two essential stages. First, the hammer is not merely to be 
pushed briskly up to the string, like the tangent of a clavichord; nor 
is it to be pushed sharply past the string, like the plectrum of a harpsi­
chord; it must fly towards the string at speed. Second, it must be able 
to rebound instantly, so as not to damp the vibrations of the string by 
remaining in contact with it any longer than necessary; and it must 
rebound in such a manner as to be ready for an almost immediate 
repetition of the stroke. 

In the modification known as double escapement (patented by 
Erard in 1821), the hammer can be given a renewed blow well before 
the key has returned to its original level: an arrangement greatly 
facilitating the rapid repetition of the same note. 

The tone of the first known pianos, built like large harpsichords, 
is much less different from harpsichord tone than piano tone has 
since become. This has been confirmed by acoustical analysis. 

The harpsichord and the early piano are both comparatively de­
ficient in low harmonics, but are possessed of a long and ample range 
of higher harmonics. That is merely the scientific way of saying that 
their tone has more brilliance than body. 

When all the stops of a big harpsichord are brought into action, the 
effect is not only brilliant, but full as well. The piano has no such 
added stops to bring in; and the early pianos have a not much more 
resounding tone. This, however, is not an wiqualified defect. The 
early piano is beautifully translucent throughout its compass. Even 
massive chords in its bass register, which are apt to be muddy on a 
modem piano, and are therefore usually avoided by comparatively 
recent composers, will sound sharp and clear on a grand piano of the 
time of Beethoven, who not infrequently employs them. 

By the same methods of analysis, the tone of the clavichord can be 
shown to possess a considerably fuller range still of upper harmonics. 
This range, in fact, extends even higher; but as a whole, the very high 
harmonics are rather less prominent, while the moderately high 
harmonics are much more prominent. That, again, merely confirms 
that the tone of the clavichord, though soft, has exceptional fullness, 
colour and fascination. 

The modern grand piano can be shown to possess a narrower range 
of harmonics than any of the older keyboard stringed instruments, 
including the early piano. The very high harmonics are totally 
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absent or inappreciable; so are the moderately high harmonics. But 
the somewhat low harmonics are fairly rich, and the very low har­
monics are very rich indeed. This merely confirms that modern 
piano tione has, in itself, more body than colour or brilliance. 

As we saw (page 5), only a string infinitely thin and flexible could 
perfectly execute the motions which were theoretically attributed to 
it in previous chapters. Now, the strings of the clavichord, of the 
barpsicl~ord, and of the early piano, though departing more or less 
substantially from infinite thinness and flexibility, are all decidedly 
thin and flexible by comparison with the strings of a modern piano. 
Keyboard string instruments, unlike instruments whose tone is arti­
ficially i,ustained, are not given the minute periodic impulses which 
could cause their upper partials to approximate to an exact harmonic 
series: and the less thin and flexible their strings, the less harmonic, 
as well :as the less energetic, their upper partials. 

Even the early piano needed rather stouter strings than the harpsi­
chord, to withstand the impact of the hammers. But in the course of 
the nin(:teenth century, a desire for ever greater volume overtook 
musiciruos and instrument-makers, piano-makers among them. To 
make pianos louder, their designers specified stouter and stouter 
strings, able to withstand more and more violent blows of the 
hammer. To take the vastly increased tension of the stouter strings, 
an iron frame was gradually evolved to supplant the old wooden one. 
T o ach ieve a sufficiently mellow tone from this tightly braced 
mechaniism, whose internal tension now amounts in extreme cases 
to over t hirty tons, the hammers, which were at first small and hard, 
became steadily larger and softer. To increase the volume obtainable 
from su1ch hammers, the stiffness of the touch was increased, until, 
in this particular respect, a reaction presently set in. But in other 
respects,, the tendencies of the later nineteenth century continue to 
this day .. 

T hese, tendencies all lean one way. For the stouter the string, the 
less energy it can throw into its upper harmonics; while the larger 
and softer the hammer, the greater the string-length it makes contact 
with for the longer time, and the more damping its effect on the upper 
harmonics. This is why the gain in volume on the modem piano 
has been paid for by loss in colourfulness and brilliance. These 
losses are partly remedied, however, by skilful pedalling, which plays 
an essential part in colouring piano tone. 
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Of the two pedals with which the modem piano is generally 
equipped, that to the left is known as the Soft Pedal. This operates, 
nowadays, in one of three ways. It may interpose a strip of felt 
between hammers and strings, thus still further reducing the har­
monic content, and stiffuug colour and brilliance as well as volume. 
Or it may bring the hammers nearer the strings, thus reducing the 
force of their impact; artd this, though less dtastic, has a similar 
effect. But there is a third and better method, favoured in the finest 
modem pianos: the ham.Iio.ers are so shifted as to strike only two out 
of the three strings provided to each note. The dampers, however, 
operate as usual, rising from all three strings so soon as the key is 
depressed. Result: the vibrations of the struck strings excite sympa­
thetic vibrations in the w1struck string. 

These sympathetic vib~tions of the unstruck string, unlike the 
direct vibrations of the a<djacent struck strings, are not inhibited by 
any contact with the hammer. They have therefore a more extensive 
range; and though they are not loud, they are sufficient to colour the 
resulting tone, and to lend the piano a valuable resource in soft 
passages. 

In Beethoven's day this resource could be carried further by leaving 
two out of each course of 1three strings unstruck. That is the meaning 
of the express instruction una corda ( one string) attached to many 
passages in his Piano Sonatas: an instruction which the modem 
piano has lost the power ·co execute literally. 

The pedal to the right iis known as the Loud or Sustaining Pedal. 
This operates by raising the dampers from every string of the piano 
at once: a device of immc!nse value in every respect. But what here 
concerns us is that to raise all the dampers .immediately permits 
sympathetic vibrations, not merely in the adjacent unisons, but 
throughout the instrument. These, added to the still undamped 
struck vibrations, make themselves felt as a surge of volume, growing 
rapidly until its maximum is reached, or until the dampers are re­
stored by releasing the pedal. But what is added is not merely volume. 
The subtle use of the damper-raising pedal, often momentarily, and 
never long enough to confiuse the harmony unduly, gives the judicious 
pianist his chief control oif colour. 

There is a further factor' which tends to rich colour in loud passages. 
We saw that loudness was the bait which led nineteenth-cenrury 
makers to exchange the hard, unsubstantial but colourful tone of the 
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Beethoven piano for the substantial but rather neutral tone of the 
modern piano. It may, then, seem a paradox that the piano yields 
more high harmonics, and is therefoire more colourful, when loudly 
played. But the explanation is a simple one. 

For loud playing, the hammer is 1lung more quickly towards the 
strings, and rebounds correspondingly quickly. This gives it less 
time to damp the high harmonics; especially as the felt is itself 
compressed to more than its usual hardness. The result is artisti­
cally favourable; for it is in loud p1assages that brilliance is most 
required. 

If over-soft felts are fitted (a vice. to which some manufacturers 
are prone), this welcome access of brilliance is forgone; for the deep 
pile keeps the hammers longer in effective contact with the strings. 
The result is an over-mellow and unvirile tone. Hardness is in the 
nature of hammer instruments, and any attempt to breed it out is 
quite misguided. The best modern pianos are free from this mistake, 
and make the utmost of their own p1roper virtues. 

These are very numerous. To be:gin with, the piano excels all 
other solo instruments ( otl1er than thi: organ) in sheer power: not the 
supreme musical quality> it is true, but nevertheless exhilarating in 
its proper place. 

Next, piano tone is more sustained than either clavichord or 
harpsichord or lute tone. This quality comes from the heightened 
tension and heavy metal frame: as we saw, it was purchased at a cost; 
but it is of real musical value, and is the chief recommendation of the 
modern piano in the case of music d1~signed, like Beethoven's piano 
music, for that distinctly different ii11strument, the late eighteenth­
and early nineteenth-century piano .. We should perhaps insist on 
using an early piano for early piano music: but my own experience 
suggests that the mechanical deficiencies of the early piano were very 
real. One quite practical course womld be to use a mid-nineteenth­
century piano, mechanically a very efficient instrument, and much 
nearer to the early piano in general character and tone than our 
somewhat exaggerated modern titans. 

Another virtue of the piano is the in1toxicating crispness with which, 
when played 'staccato', it can enunciate musical rhythms. This it 
owes to being, literally, an instrument of percussion, struck with 
hammers. Yet it can sustain a good and smooth 'legato' as well. And 
finally, it is capable, when the dampers are raised, of weaving a soft 
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and glamorous web of sound in which little is distinct, and everything 
melting, warm and romantic. 

That is a remarkable assortment of virtues, and precisely such as 
to commend the piano to nineteenth-century taste, which did so much 
to develop it. There are, of course, certain limitations inseparable 
from the instrument. The piano can never compete with a voice, a 
violin, and many others in producing a really unbroken, 'singing' 
flow of tone: no keyboard string instrument can. Nor can the piano 
ever sound so sparklingly brilliant as a harpsichord, or so trans­
lucently expressive as a clavichord. But this is merely to say that the 
piano, like all other instruments, has the inevitable defects of its 
virtues. 

T here are a good many fine pianists at the present time: but the 
instrument is far from easy, requiring the most delicate finger-contol 
and judgement for a good 'touch'. This consists partly of feeling 
each key with your finger before depressing it, so as not to jar the 
action by a clumsy impact (indeed, the mere noise of your finger 
clumsily hitting the key is enough to spoil the tone); and partly of 
beautifully independent finger-movements by which to match each 
note in loudness, to mould each phrase at will, to join an unbroken 
'legato', or to space an exactly regular 'staccato'. At the same time 
you must be 'pedalling' with skill and insight. 

Apart from 'pedalling', you have no more control of the tone from 
the moment the hammer flies towards the strings. Up to that moment, 
you can control the velocity of the hammer: and this, as we saw, 
governs both the loudness and the brighmess of the tone. 

VIII• Flue Instruments 

JJA: THE TWO FAMILIES OF FLUE INSTRUMENTS 

IlA, I : The Family of Transverse Flutes. 
IIA, 2: The Family of Recorders. 

The flutes a species, not a single family 

All the instruments to be considered in this chapter are, strictly, to 
be described as flutes: a name covering any pipe excited to sound by 
an edge tone, the air for which is supplied by breath. 

In. ordinary modern usage, the word 'flute' bas a more restricted 
meal!l.ing. We mean by it the family of transverse flutes represented 
in the symphony orchestra. These receive their name simply from 
being held transversely across the face when played. In the eighteenth 
centiury, they were frequently known as the German flute, to contrast 
them with another important family of flutes, known as the common 
flute. This latter we now generally call by one of its other names: 
the recorder; sometimes, the English flute. 

So important was the recorder during the early eighteenth and 
previous centuries that when we meet the word 'flauto' (flute) or its 
equivalent in music of that period, the supposition is that the re­
corder is intended. When the transverse flute is intended, we meet 
the word 'traversa' (transverse) or its equivalent. 

The playing position is not the essential point of difference be­
tween the transverse flute and the recorder . T he transverse flute is an 
example of a class of flute in which the air stream is directed to the 
edge: by the lips alon.e; and this class includes some vertically held 
members. The recorder, on-the other hand, is an example of a class 
of flme in which the air stream is directed to the edge by a mouth­
piecti; and this class (sometimes called fipple flutes or whistles) in­
cludes some horizontally held members : while the vertical flute, in 
one ,early form, has the mouthpiece of a recorder but the fingering of 
a transverse flute. 

The liquid tones of the flute species 

As we shall see, the flute species contains several distinct varieties of 
93 
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tone. But in contrast to other species the flutes contribute a peculiarly 
limpid, pure and innocent colouring to the composer's palette. These 
qualities have not the universality or the indispensability of string 
tone; but they are such as no other instruments could imitate or 
replace. 

Sabrina fair, listen where thou art sitting 
Beneath the glassy, cool translucent wave. 

If there is any tone in music glassy, cool, translucent, it is the tone 
of the flutes, with their especially pure quality, weak in high har­
monics, especially when low and soft. 

llA, 1: The Family of Transverse Flutes 

The TRANSVERSE FLUTE1 (German flute, cross flute, Querflote, etc.) 
is an open pipe played by blowing across a sharp-edged hole near 
its upper end. This end is itself blocked and inoperative; the edge­
hole assumes its acoustic functions. But the hole is narrower than 
the tube; which would cause inaccuracy, unless corrected, in the 
harmonic series. 

The simplest flute is a plain cylinder: intonation is corrected by 
the player's breath. This needs skill and a good ear; but the result is 
then very satisfactory and the tone extremely pleasant. This is the 
natural flute. 

About 1680, the flute was corrected constructionally, by giving it 
a conical bore, except for a cylindrical head-joint. Intonation still 
needs exceptional care; but it is by no means an unmixed disadvan­
tage for the player to have to keep his ear on the alert. The tone is 
very characteristic, of a cooing quality, but rather brilliant in the 
upper registers. This is the conical flute (the cone is always widest at 
the blowing end, and narrowest at the further end; unlike most other 
conical wind instruments). Since its most typical early specimens have 
six finger-holes and one closed key (for e' flat or d' sharp), its first 
form is best known as the one-keyed flute. Its main drawback is that 
it does not respond so effectively as some wind instruments to the 
cross-fingering needed for other chromatic notes than e' flat. 

During the eighteenth century, the conical transverse flute en­
joyed an astonishing popularity as a solo instrument of both amateurs 
and professionals. It acquired a number of further keys from about 

1 Plate 27. 
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the last quarter of that century onwards to fill in the semitones and its 
compass was extended downwards to c'. 

Halfway through the nineteenth century, Theobald Boehm once 
more redesigned the flute as a cylindrical pipe with conical head­
joint. This (rather than the original cylindrical instrument) is what 
is called the cylindrical flute. He had already reorganized its fingering 
on the famous system known by his name. This was to calculate the 
ideal number, positions and sizes of the holes, irrespective of the 
limitations of the human fingers; then to devise keys to enable the 
:fingers to manage them. 

These changes brought more gain than loss. ,The one-keyed flute 
is by no means easy to play well; it is quite unsuited even to moderately 
chromatic passages such as modern music abounds in; but it can be 
mastered, and has been revived with pleasing results for early flute 
music. The conical flute is still to be found; but in its modern form, 
with eight keys and six finger-holes, it has changed considerably since 
its early days. The cylindrical flute is still more different. With its 
many large and well-placed holes, almost all controlled by keys, it 
is louder, more even, and in some ways much easier to play: genuine 
advantages which commend it to modern players. Though it has 
inevitably lost something of the older flute quality in the process, it 
has become a more virile, reliable and generally useful member of 
the orchestra, less pastoral and charming than before, but thrilling 
in its own stronger way. 

The orchestral flute. The normal compass of the treble FLUTE 

(concert flute, grande flute, grosse Flote), which is the standard 
concert flute in the modern Western orchestra, is three complete 
octaves from c' to c''. (Its basic tonality is d', with a downward 
extension of one tone.) 

The j/auto piccolo. The 'little flute' or PICCOLO, as normally used 
in symphony orchestras, lies an octave above the treble flute, Its 
compass lacks the downward extension to c", but is also almost three 
octaves in expert hands: d" to c•; though the highest notes are difficult 
and need skilful management. They are the highest notes of the 
symphonic orchestra. (The Boehm piccolo is still made with a conical 
bore to lessen shrillness.) 

The fluted' amour lies a minor third lower than the treble flute; its 
silky and rather intriguing tone is caused by a proportionately narrow 
bore. The alto flute (called in England bass flute) lies a perfect fourth 
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lower than the treble flute; it is in pitch the alto of the family: the 
flute d'amour is in pitch a slightly higher alto. There is a tenor register 
bass flute (the Albisophoue) in c (with B extension), but seldom used: 
while a genuine bass flute made in 1932 by Rudall Carte, with a lovely 
tone right to its botton) note (C), is scarcely yet scored for. Some 
other tonalities and compasses have been used, especially in military 
bands or drum and fife bands; the names of all the flutes are confused 
and fluctuating. 

HA, 2: The Family of Recorders 

The R E C o RD ER 1 (English flute, common flute, direct flute, echo flute, 
beak flute, flute douce, Blockflote, etc.) does not differ in essential 
principle from the transverse flute. It is a slightly conical tube, with 
the narrowest end at the bottom; and a straight whistle edge in place 
of a round edge-hole. T he player's breath is directed towards this 
edge, not by his narrowed lips, but through a mouthpiece. 

This is a considerably easier technique: in fact, the recorder is 
possibly easiest of all tiruly satisfactory musical instruments, which 
accounts for its immense vogue since its revival in recent decades. 
There is a great place in music for amateurs with no leisure, and 
perhaps no inclination, to learn a very exacting technique, but with 
plenty of musical feeli.J;1g to play expressively in reasonably simple 
music on a reasonably simple instrument. The recorder is such an 
instrument. The viol, though much more difficult to play, is another, 
in virtue of possessing a literature of chamber music profound in 
spirit but relatively undemanding in technique. 

The chief technical piroblem of the recorder is to control the breath 
so steadily as to produce an even flow of pure and limpid tone, 
accurately in tune. You:r intonation, indeed, if your skill is adequate, 
should be of satisfactory exactness: you control it by subtle variations 
in the flow of breath. You can vary the loudness within narrower 
limits than the transver:se flute, where the intonation can be adapted 
better. The difference iin quality between a good player and an in­
differen t player is consjpicuous enough: the former,'crystalline and 
melting; the latter, breathy and awkward. The fingering is unassisted 
by keys except for the bottom notes of the largest instruments: it is 
quite rapidly acquired. Chromatic semitones are found by cross­
fingering. Of course, as 1:>n any other instrument, a virtuoso technique 
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takes a great deal of mastering. But the early stages are both easy and 
rewarding: an average quartet of amateurs should be able to play a 
Bach Chorale purely and movinglly within a month or two of starting. 

We are once more indebted to Arnold Dolmetsch for solving the 
problem of making first-class modern recorders, and to his son Carl 
for revealing their virtuoso poteutialities. Robert Goble's recorders 
are also excellent : but the same cannot be said of all the many 
makers now in the field, some of whose instruments are poor in tone . . . , 
faulty m mtonatlon, and incorreG:t in fingering. 

FLUE INSTRUMENTS 

The tone of a good recorder is: a little edgier and more colourful 
than a transverse flute. Purcell, Bach, Handel and other seventeenth­
and eighteenth-century composens, even down to Mozart and Gluck, 
have scored for the r ecorder in passages which cannot satisfactorily 
be t ransferred to the transverse flu.te: not because that is not beautiful 
too; but simply because it is not the same. And u:nlike the piccolo, 
the smallest recorder (sopranino) is capable of reasonably soft tone 
even in its highest registers: it was scored for by Handel in his operas 
Acis and Galatea and Rinaldo under the style of flauto piccolo. 

Members of the recorderfamily. The smallest member of the recorder 
family, not normally used in consort, is the little sopranino or piccolo 
recorder mentioned above. The largest great bass recorder descends 
to F or occasionally to D, when it requires a length of nearly eight 
feet; the normal bass recorder to c at lowest. There are eight sizes of 
recorder described in Praetorius's Syntagma of 1615. But for modern 
consort purposes, the family has Jfour standard sizes. 

The descant recorder (serving the treble role) has a range from c" to 
d'• (it is called soprano in America). 

The treble recorder (serving the alto role) lies a fifth below, with a 
range from f' tog"' (it is called alto in America). 

T he treble (i.e. alto) recorder is the normal solo instrument of the 
family, with an extensive repe,rtoire. Handel intended certain 
sonatas for it, by the side of others designated for the transverse flute. 
It is also the instrument most commonly used in the eighteenth-cen­
tury orchestra; though recorders m1 d' or other keys are also met with. 

The tenor recorder has a range from c' to d'", the top notes being 
rather difficult to sound. 

The bass recorder has a satisfactory range of rather less than two 
octaves, from f to about d" ; sometimes c to about b' . The tone is 
gentle when heard alone, but telling in consort with other instruments. 
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All sizes of recorder, when joined with different instruments or 
voices, are apt to deceive the ear into misjudging their pitch for ~ 
octave lower than its actual sound: a fact for composers to bear m 
mind. The probable cause is Jack of high harmonics. 

A near relative of the recorder is the ftageolet, and a lowly one is 
the penny whistle. (The French flageolet with four finger- and two 
thumb-holes was of seventeenth-century date, as used by Pepys. The 
English ftageolet with seven finger-holes and one thumb-hole was an 
early nineteenth-century instrument with double and triple flageolets 
as offspring. The quadrille was a Boehm system flageolet.) 

The three-holed pipe, another nearly related cousin of the recorder, 
is used in that ancient and honourable accompaniment of the folk 
dance the PIPE AND TABOR. You play the pipe with your left 
band:' the tabor (a little two-headed drum) with your right hand. 
Your little finger and the one next to it hold the end of the pipe 
between them, leavinf only two fingers and the thumb for stopping 
holes. 

The secret lies in using only rather high members of the natural 
harmonic series. Suppose your pipe has a first or fundamental 
harmonic c'. You ignore that (in fact it is scarcely to be sounded on 
so narrow a pipe as this, designed specially to make the higher 
harmonics easy to sound). For to play a diatonic scale up to the next 
or second harmonic c", you would need not less than six holes : 
which, of course, means two hands. 

Your scale begins with the next or second octave. You can play c" 
by merely 'overblowing' it as the second harmonic of your unused 
fundamental c': so you need no hole for that. And g" you can 'over­
blow' as the third harmonic: you need no hole for that. You only 
need holes for the three notes between : d", e", f". 

And these three holes are all the instrument requires : for every 
higher diatonic note which the instrument can reach may be sounded 
as a third, a fourth or even a fifth harmonic either of the full-length 
fundamental c', or of one of the shorter-length fundamentals estab­
lished by opening these holes one, two or three at a time. With skill, 
this gives you a diatonic compass of one and a half ~ctaves or more, 
with some chromatic notes, to be got by cross-fingenng as well. The 
tone is clear, pure and very pleasing, with its sharp, accented accom­
paniment from the tabor to mark the rhythm and keep the dancers 
alert and accurate. 

IX• Reed Instruments 

llB: THE SIX FAMILIES OF REED INSTRUMENTS 

IlB, 1 : The Family of Shawms. 
IIB, 2: The Family of Oboes. 
IIB, 3: The Family of Bassoons. 
JIB, 4: The Family of Clarinets. 
llB, 5: The Fa"n"ly of Saxophones. 
IIB, 6: The Family of Bagpipes. 

Th•~ high colouring of reed instruments 

The strings lead the orchestra: the flutes provide its coolest tones. 
But the reeds lend some of its strongest colourings. Being prone to 
some very distinctive assortments of prominent high harmonics, 
they have always a certain poignant intensity. They are often heard 
alone, or nearly so: but when blended with other instruments, they 
colour that blend pervasively, a single oboe or clarinet making itself 
felt easily through a mass of strings. Such powerful resources need 
judgement and restraint: but well used, they are among the most 
telling which the orchestra possesses. 

IIB,, 1: The Family of Shawms 

Of imodem orchestral instruments with double reeds, the basis is the 
anc:ient family of shawms and pommers. Shawm (schalmey, shalmuse, 
shallmele, etc.) and pommer (bombard, bombart,etc,) are really alter­
native names: but there was a tendency to call the smaller members 
sha•wms and the larger members pommers. Being a characteristic 
instrument of the waits (a city watch which turned into a municipal 
band), the shawm was also, in England, called the wait (wayte, waight, 
etc.); hautboy (hoboy,etc.) was another name (whence oboe), derived 
from the French hautbois or 'high wood' (meaning loud wood), but 
faidy indiscriminately used for various sizes of shawm. To save con­
fusion, I shall follow one well-authenticated usage, and call the in­
stmment, in all its sizes, the SHA WM. (Plates 9, 10.) 

The shawm has a rather wide and stiff double reed, and a conical 
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bore widest at the bottom: the tip of the reed acts for acoustic 
purposes virtually as a closed end. The bell is rather flaring, which 
helps the high harmonics and makes for colour and brilliance. So do 
the large finger-holes. The net result is a tone ofastounding pungency, 
described thus by Mersenne in 1636:1 

It is proper for large assemblies, such as Balls (though the 
Violins are now customary in their place), for Nuptials, for village 
Festivities, and for other public rejoicings, by reason of the grand 
noise which they yield, and the grand Harmony which they evoke, 
for they have the most powerful and the most violent tone of all 
instruments, excepting the Trumpet. 

The shawm, essayed by Dolmetsch, has since been successfully 
revived, and experience shows the verisimilitude of the above descrip­
tion. When the reed is taken into the mouth, the shawm is moderately 
expressive as well as magnificently virile. If played with a box 
covering the reed, the shawm can be made raucous beyond belief. In 
the West, however, there is normally a small ring or 'pirouette' which 
)eaves the tone almost as raucous while permitting some control of 
the reed in the mouth. 

The shawm family are shown by Praetorius (1620) from the small 
discant shawm, going up to b"', to the great bass pommer, or bombar­
done, going down to F,. The shawm continues to be an extant folk 
instrument in Spain (especially Barcelona) and elsewhere. 

IIB, 2: The Family of Oboes2 

During the sixteenth and much of the seventeenth century, the terms 
on o E (hautbois, etc.) and shawm were interchangeable. When French 
makers from about 1660 began to decrease the taper and narrow the 
flare, thus reducing the pungency, the oboe embarked on its inde­
pendent career as the first treble wood-wind to become standard in 
the orchestra. But not until the nineteenth century did it begin to 
acquire its present exceptional equipment of keys and holes (in­
cluding two or three speaker-holes to assist 'overblowing'). There is 
no 'pirouette'; finger-holes are relatively small. 

By far the most prominent harmonics of an oboe playing middle 
c' were shown on analysis to be the fourth and fifth; the first or 
fundamental harmonic showing, objectively, scarcely any intensity 

1 Hannonie Universe/le, ii, 303. 2 Plates 20, 28, 30. 
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at all (though the ear gives it its usual prominence). There is also 
thought to be a group of high harmonics attributed to formants, 
clos,e together in pitch, and exceeding the intensity of the first or 
fundamental harmonic by some four times.1 

The French have since developed a peculiarly silvery yet delicately 
nasail form of oboe, with a slightly feminine, very expressive tech­
nique proper to it; elsewhere, as in Germany, makers and players 
have~ remained more faithful to the veiled eighteenth-century instru­
mernt. A distinction is needed not only between these two varieties of 

Q) 

Fig. 24. Oboe bells: old; da caccill; modern; d'amore 

standard oboe, but a third: the oboes d'amore, with their incurved 
bell:, metal crook, and veiled, mysterious timbre. It might be an 
advawtage to the symphonic orchestra if all three could be developed, 
so far as is physically possible, into complete families, separately 
availlable. At present the situation is sadly confused, with different 
scho,ols of players and even different individuals producing widely 
different tone-colourings and performing styles on what is nominally 
a single family of instruments. 

The standard soprano oboe in c' has always a certain bitter-sweet 
expressiveness, with a compass from b or b flat to a'", of which the 

1 See Miller, Sound Waves, p. 54. But Saunders' findings do not confirm 
(J. Acous. Soc. Am., 18, 2, 1947). 
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top few notes are very uncertain. There has been a tenor oboe in f 
(called taille in Bach's time). 

The oboe d'amore proper is an alto instrument in a, but with 
incurved bell and veiled tone: a great favourite of J. S. Bach; and 
revived in 187 4 by Mahillon of Brussels for performances of Bach's 

music. 
The oboe da caccia is an obsolete ( often curved) tenor oboe in/, 

scored by J. S. Bach and others. It ended by acquiring the oboe 
d'amore form, in which shape it may have begotten the following. 

The so-called cor anglais or English horn is a tenor oboe d'amore 
in/. No satisfactory explanation of the odd name cor anglais or inglese 
has yet been given. 

The true baritone oboe in c, the nearest to a bass reached by the 
oboefamily,exists in both normal and d'amore forms; but is a rarity 

in either. 
The name of baritone or basset oboe is also given to an early 

twentieth-century variant of the same pitch, otherwise known as the 
heckelphane. This possesses a bore of unusually wide taper, and a 
globular bell with side outlet, from which a rich and sonorous tone 
emerges, much liked by Richard Strauss and others. 

A Boehm-pattern oboe proved loud but otherwise unsatisfactory, 

and is virtually obsolete. 

lIB, 3: The Family of Bassoons 1 

The BASSOON (fagott, curtal, etc.) has a conical bore of rather 
narrow taper, often with a contracting bell. The reed is comparatively 
wide, and resembles that of the shawm and the early oboe much 
more than that of the modem oboe. 'Overblowing' gives the second, 
third and even higher harmonics: in very skilful hands a compass of 
over three and a half octaves can be achieved, throughout the whole 
of which the technique is remarkably flexible and agile. There has 
been much the usual history of added keywork, though not quite in 
the same extreme degree. • 

Now the bassoon, though very close to the shawm, is not, like the 
oboe, its descendant, but a collateral instrument, first ap~g 
distinctly in the sixteenth century. Its special feature is the way 111 

which its tube is doubled back on itself, so that it is twice as handy as 
the awkwardly lengthy, straight bass shawm, which it tended to re-

1 Plates 30, 31. 
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place. And when the smaller shawms changed into the oboe family, 
the bassoon remained with them, to become the customary bass to 
the oboes in the modem orchestra. 

This is, theoretically, a compromise. Bassoon tone is considerably 
smoother and less colourful than modem oboe tone, especially in the 
Jow,er registers, where the bassoon has a cavernous quality which the 
oboe cannot match. Indeed, the bassoon lends itselfto comedy more 
readily than most instruments: though grandeur and even tragedy 
are by far its more important roles. It makes, indeed, a fine solo 
voic:e in the orchestra. As the standard bass to the wood-wind group 
(flutes, oboes and clarinets), it serves extremely well: but not, per­
haps, ideally well. 

It would be possible to enlarge our modem orchestra with certain 
new wood-wind members to complete its several families so far as 
they can be completed. A genuine bass flute has been proved an 
acoustic possibility: and a bass oboe should be feasible enough. We 
couJld include a full family of four sizes of oboe (perhaps further 
divided into a silvery French branch and a more veiled German 
branch); and another full family of four sizes of oboe d'amore; and 
yet :another (if not two, as with the oboes) of four sizes of bassoon. 
The: double bassoon sounds different yet again. 

The modem tendency is, on the whole, to have fewer different 
kinds of instrument playing simultaneously. We are less given to thick 
mixitures of many different instrumental tones at once: we place 
more reliance on simple, unmixed colour-washes from a single instru­
mental family at a time. Of course, mixed colourings are just as 
valuable when used with skill and imagination. But for either purpose, 
the more complete the several orchestral families, the wider the com­
pose:r's choice of resources. It must be admitted, however, that the 
orchestra as at present constituted is so superbly resourceful in 
practice that such an enlargement might well be undesirable if only 
on financial grounds. 

L:ike the oboe, ~e bassoon has itself diverged somewhat, into a 
reedy English and French version (the more traditional), and a 
mellow German version. Both have their qualities: but I hope the 
mor,e silky oboes and bassoons will not oust (as they have already 
very largely done) the reedier types: for the one is no substitute for 
the other. 

The standard bassoon. The standard bassoon of the modern 
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symphony orchestra possesses the astonishing range A, at lowest, or 
normally B, flat toe" flat,!", or even, in very skilled hands, playing 
modern instruments, a" flat: the topmost notes being, however, not 
so satisfactory as the others and very unreliable. 

The double bassoon (contrafagotto) stands an octave below the 
standard bassoon, with the range B,, flat to b flat in skilful bands, or 
three notes higher as a clifficult special effect; f is the limit in usual 
practice, since the tone above that is rather forced and lifeless. Heckel 
supplies a model going down to A,,; but few orchestral players have 
instruments going lower than C,. 

Other bassoons. In the Renaissance period, when every conceivable 
instrument was given as complete a family of members as possible, 
the bassoon famHy included a discant fagott or treble bassoon, with 
a range from a or g to c"; quint-fagott or doppel-fagott, with a range 
from F, to g; and several intermediate sizes of which the most im­
portant was the quart-fagott, a tone above the quint-fagott and a 
fourth below the standard bassoon. At various times, there have 
flourished an octave bassoon (soprano bassoon) at the octave above 
the standard bassoon; an alto bassoon, at the sixth above the standard 
bassoon; a tenor bassoon (tenoroon), alternatively at the fourth or the 
fifth above the standard bassoon; as well as a rare curiosity, the 
subkontrafagott (sub-double-bass bassoon), two octaves below the 
standard bassoon, with the phenomenal bottom note B,,, flat, though 
whether that abysmal pitch can be directly audible to the human ear 
is more than doubtful, for reasons into which we have already entered 
(pages 23 and 24). All these are obsolete. 

IIB, 4; The Family of Clarinets1 

All the reed instruments to which we have so far attended are ex­
amples of the conical stopped pipe, played with a double reed. The 
CLARINET belongs to a new class: it is a cylindical stopped pipe, 
played with a single reed. 

Of these differences, by far the most important is the shape. The 
effect on tone quality of changing from a double to a single reed is not 
crucial, as may perhaps be illustrated by the fact that for a time 
bassoons with single reeds in place of double reeds were not absolutely 
unknown. But the effect of changing from a conical to a cylindrical 
bore is crucial. 

1 Plates 29, 30. 
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Being a virtually stopped cylinder, the clarinet can, as we saw 
(page 40), only sound the odd-numbered members of the natural 
harmonic series. This, of course, affects its fingering, since certain 
notes which on an oboe might be found by 'overblowing' to an even­
numbered hannonic, must be found on the clarinet by opening a 
special bole. But what is more important, the absence of the even­
numbered harmonics affects the tone of the clarinet as well, giving it 
that finely cadaverous, and almost literally 'hollow' quality by which 
it is distinguished in its lower register. 

True, the even-numbered harmonics are not, even in theory, totally 
missing from the tone: for the tube is not a pure cylinder either at the 
mouthpiece or at the bell. Still, they are mostly weak at the best, 
especially in the lower register. The topmost register of the clarinet 
has a much brighter quality: supposedly because these high notes 
are much nearer in pitch to some high formants of the tube itself. 
These formants are alleged to be weaker than the oboe's, and more 
widely spaced. But a reed is always a potent stimulant of high har­
monics: and the clarinet, for all its strange and haunting quality 
in its lower regions, is decidedly brilliant in its upper notes. 

Analysis shows that the strongest upper harmonics of a clarinet 
playing middle c' are the ninth and - uneiq>ectedly - the eighth: 
further proof that we do not wholly understand as yet the influences 
governing the appearance and the relative strength of the harmonics 
which lend each individual instrument its characteristic quality of 
tone. The formant theory, though plausible and perhaps fundamen­
tally correct, has not received sufficient confirmation from actual 
experimental analyses to be advanced without hesitation.1 

The clarinet has fairly elaborate keywork working on various 
systems (including a Boehm clarinet). The instrument itself is a 
comparative newcomer of rather uncertain origins, apparently early 
in the eighteenth century. A pair of clarinets became standard in the 
orchestra from about 1780: Mozart being the first composer of genius 
to exploit the instrument. 

The standard soprano clarinet has the remarkable extreme compass 
of nearly four octaves, from c sharp to c'•; but most of the top octave 
is unpractically strident. B flat or A is the usual key in which it is 

1 See Miller, Sound Waves, p. 54. The clearest simple account of the 
formant theory will be found in Jeans, Scie11Ce and Music, but his conclusions 
are not all confirmed by other authorities. Saunders' recent work has been 
highly critical (J. Acous. Soc. Am., 17, 3; 18, 2; etc.). 
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pitched, since the clarinet in C is considered unsatisfactory in tone. 
The E flat clarinet, a fourth higher, is very shrill, and needs more 
discretion in the composer than is always displayed. The still higher 
clarinets in F, G and A flat are not favoured by symphonic writers. 
There is an alto clarinet in For E flat; a variant miscalled the basset 
hom in F, of narrower bore and more coloured tone; a bass clari11et, 
usually in B flat an octave below the standard clarinet; a double-bass 
pedal clarinet an octave lower still; as well as a clarinetto d' amore in 
G, with an incurved bell and a mellow tone. Other sizes and tunings 
are or have at various times been in use. 

lIB, 5: The Family of Saxophones 
The s AX OPH o NE, introduced by Adolphe Sax in the mid-nineteenth 
century, has the conical bore of an oboe, though wider; the single 
reed of a clarinet, though more massive; and the material of a brass 
instrument. It was designed as a complete family of many sizes, the 
commonest of which are now sopranino saxophone (e' flat), soprano 
saxophone (b flat), alto saxophone (e flat), tenor saxophone (B flat), 
baritone saxophone (E flat), and bass saxophone (B, flat). The compass 
is up to two and a half octaves, two speaker-holes facilitating 

'over blowing'. 
The wide taper militates against high harmonics, especially as the 

bell is not very widely flared. The first or fundamental harmonic is 
unusually strong, while the strongest upper harmonic is the fourth, 
at the double octave, with moderate intensity in the fifth and sixth 
harmonics and a dwindling intensity thence upwards to the fifteenth. 
Jeans postulates certain high formants not unlike the oboe's; but the 
effect of the saxophone on the ear is decidedly more smooth, and 
even cloying.1 

The saxophone has been recommended to symphonists as a useful 
bridge between wood-wind and brass-wind tone. Whether from 
prejudice, or whether from a dislike of so comparatively characterless 
a quality of tone, they mostly reject this advice. (But there is a fine 
use in Vaughan Williams's Sixth Symphony.) 

The sarrusophone is a conical brass instrument with wide taper, 
played with a double reed. It was evolved by the French bandmaster 
Sarrus in 1856; and it bears the same relation to the oboe and bassoon 

1 Miller, Sound Waves, p. 54; Jeans, Science and Music, pp. 148 ff., based 
on experiments by Herman-Goldap. 
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families as the saxophone bears to the clarinet family. It exists as a 
complete family in eight sizes; but, with the possible exception of the 
bass and contra-bass members, it does not now appear to have much 
hold on life. A nearly related contra-bass is at present popular in 
Italian military bands, under the name contra-basso ad Ancia; and in 
American wind bands. 

JIB, 6: The Family of Bagpipes 

The essential feature of the BAGPIPES is a leather windbag from 
which air can be squeezed by pressure of the elbow. This serves as a 
reservoir, and enables a continuous sound to be maintained, without 
pause for breath. You keep the bag inflated by blowing through a 
blow-pipe, or by bellows worked by your arm. 

To this reservoir there are attached single- or double-reed pipes 
in varying number and design. There may be only one pipe, known 
as a chanter, with finger-holes for playing melofties. But the character­
istic bagpipe has, in addition, at least one, and usually several further 
pipes, known as drones. These are tuned to a fixed pitch, at the 
octaves and fifths of the chanter's tonality. 

In the special case of the Irish uilleann pipes, there is yet another 
set of pipes, known as regulators. These have keys manipulated by 
pressure of the wrists, and they add to the chanter and drones an 
occasional simple harmony: the tone is very pleasing. The chanter 
overblows to play a second octave. 

The French musette has two chanters, one higher in pitch than the 
other: the tone is sweet and docile. (There is also a bagless musette 
still surviving: it resembles a treble shawm and is actually called 
bombarde, which is one of the names for shawm, to this day, in 
Brittany, where it is always played in company with, and at the octave 
above, the Biniou or Breton bagpipe with single drone.) At the other 
extreme come the Highland pipes, with their wonderful barbaric 
power and uncanny intervals, not quite those of any ordinary modem 
scale. Many other nations have bagpipes of varying designs and 
quality. 

Where there are the characteristic drones, the bagpipes stand out­
side our Western art of harmony, giving in return a haunting fascina­
tion which we should have to travel a long way East, or a long way 
back into history, to parallel. 



X • Lip Instruments 

Jlc: THE SIX FAMILIES OF LIP INSTRUMENTS 

Ilc, I: The Family of Cornetts. 
Ilc, 2: The Family of Bugles. 
Uc, 3: The Family of Horns. 
IIc, 4: The Fam11y of Cornets. 
Uc, 5: The Family of Trombones. 
Uc, 6: The Fann'ly of Trumpets. 

The adaptability of all lip instruments 

Lip instruments are the hardest of all to classify. To begin with, their 
exact dimensions have a crucial effect on their tone quality, so that 
by gradually changing the shape, you produce an al.most continuous 
gradation of tone quality between one lip instrument and its nearest 
relative. Yet at the extremes their tone quality is as different as could 
well be. 

Their names, too, are in a state of confusion. What denotes one 
instrument in England may have a different connotation in some 
other country; and many distinctions without a difference have 
been introduced for the sake of eluding extant patents. 

Finally, many important qualities of lip instruments are governed, 
not by their design at all, but by the skill and physical endowments of 
the player. Your lips are in effect a part of your instrument: and no 
two players are quite alike in this respect. 

The strings owe their endlessly satisfying tone quality to their 
wealth of evenly distributed upper harmonics; the flutes owe their 
limpid fascination to a relative sparseness of high harmonics; the 
reeds owe their poigrta.ncy to compact, uneven groups of high har­
monics. The lip instruments, in turn, are distinguished by an ex­
ceptionally massive array of upper harmonics; and by a remarkable 
adaptability, due to the peculiar flexibility of the human lips, from 
their loosest and most ponderous state to their most tense and delicate. 

The noble sonority of lip instruments 
The brass department includes sombre as well as brilliant qualities. 
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B_ut .it is seldom without a certain noble sonority, fit to express 
ctignity, splend~ur, sinister power, triumphant rejoicing, tragedy and 
even mystery m turns. For however you use the brass, you can 
hardly rob it of its grandeur. True, if your music is trivial the brass 
will not save it: no orchestration can. But if you have ;omething 
generous or fateful to say, the brass will help you to say it in a 
peculiarly telling manner. 
. Sibelius once called the modern symphony orchestra a perfect 
mstrument but for the lack of a sustaining pedal, which the composer 
must remedy by skilful scoring. The brass is invaluable here: the 
most intricate figuration for strings or wood-wind may be floated on 
a s~ of brass tone, comprising nothing but a few simple chords. 
Agam, the brass may carry Wagnerian melocties clean through a 
maze of surrounding fi,guration; or it may, like other orchestral 
~roup~, be he~d alone. But in every role, sonority and nobility are 
its salient qualities. 

Varieties of lip instrument 

It is not possible, for inescapable acoustic reasons, to construct com­
~lete families of every kind of lip instrument. For if you so design the 
mstrument as to excel in its higher register, where a treble instrument 
should excel, you automatically endow it with a brilliantly colourful 
tone .. But if you so design it as to excel in its lower register, where a 
bass mstrument should excel, you automatically endow it with a 
?roader and less highly coloured tone. And instruments whose tone:., 
1s substantially different cannot be regarded as members of the same 
family. 

If you use a narrow air column of more than a certain length it will 
flatly declin~ to vibrate at full length: hence, however skilfully you 
play, you will be unable to make it sound its fundamental note. But 
it will vibrate readily enough in half-lengths or less · so that there is 
no difficulty in sounding the second harmonic (an ~ctave above the 
fundamental) and upwards. 

~deed, you will be able to sound exceptionally high notes on such 
an mstrument. 1;° compensation for losing the bottom octave, you 
may be able to climb as high as four (or even, as a very freakish stunt, 
fiv;)1 octaves above the (normally impracticable) fundamental. And 

I:£arold Stambaugh, . the N~w York trumpeter and comet-player, 
published cadenzas, and mstrucnons for playiag them wjth this fantastic 
range, fundamental and all I ' 
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the reason why you can, by 'overblowing', sound such exceptionally 

high harmonics as notes is simply that there is an exceptional wealth 

of high harmonics already present in the tone itself, as colourfulness. 

That is the acoustic consequence of a tube unusually narrow in 

proportion to its length. 

But if you use a short air column of more than a certain width, it 

will almost as flatly decline to vibrate in many pans; though it will 

vibrate readily enough in one length (sounding the fundamental), or 

in a few pan-lengths (sounding a few of the higher harmonics as 

notes). And by the same token, the high harmonics will be less 

prominent in its quality of tone. That is the acoustic consequence of 

a tube unusually wide in proportion to its length. 

In practice, a good deal depends on the mouthpiece, and still more 

on the player's skill; but there are always limits to what the cleverest 

player can extract, with any mouthpiece, from a given design of tube. 

The majority of lip instruments are only practicable up to three or 

three and a half octaves above their fundamental, which is some­

times good and usable, sometimes poor, difficult or unobtainable. 

Conversely, to sound exceptionally high harmonics even from a long 

but narrow tube needs such contraction and tension of the lip 

muscles that they are sometimes damaged by the strain. Lip instru­

ments are therefore (in practice) normally used in the register where 

they excel, rather than through the total compass (theoretically) 

available with more or less uncertainty and more or less unevenness 

afsound. 
When an unusually narrow tube is long enough for its fundamental 

octave to lie within a bass compass, it will inevitably prove too long 

actually to sound that low octave, at any rate with satisfactory readi­

ness and true bass sonority. And if we think to remedy this limitation 

by widening the tube, we shall merely discourage its very high 

harmonics, thus robbing it, not only of its top notes, but also of its 

uniquely colourful tone. 

On the other hand, when even such an unusually narrow tube is 

long enough to encourage the very high harmonics, it will inevitably 

prove too long to lie within a treble compass. And if we think to 

remedy this limitation by shortening the tube, we shall again merely 

discourage its very high harmonics, and rob it, not only of its top 

notes, but also of its uniquely colourful tone. 

Hence it is that neither a true bass instrument nor a true treble 
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instrument is a physical possibility, in this kind, sometimes roughly 

known as four-octave instruments: of which the horn and the long, 

true early trumpet are the outstanding instances. The lowest is 

strictly a baritone; the highest is strictly an alto. But since with skill 

their individual range is exceptionally extensive, this limitation is 

Jess constricting than it might appear. And what are sometimes 

roughly known as three-Octave instruments, though their individual 

range is less extensive, are less subject to limitation in forming 

complete families. 

Ilc, I: The Family of Cornetts 

! he early CORNETT (zink, etc.) is nowadays so spelt to distinguish 

1t from the modem comet, an early nineteenth-century invention to 

be described below. 

The ~omett is a roughly two-octave instrument of relatively wide 

bore; with a cup-shaped mouthpiece of small to moderate size; with­

out bell. There is also a variation called the mute cornett, of which 

the mouthpiece is carved out of the tube itself; it has a less emphatic 
tone. 

The lack of a bell is probably responsible for the two-octave basic 

compass and tone quality of what we should othenvise expect to be 

~ ~ore e~tend_ed and colourful instrument. But it also permits what 

is_ 1IDposs1bl~ m an~ modem lip instruments: perfectly satisfactory 

pitch alteranon by side holes, of which there are six in front for the 

fingers, and one behind for the thumb, except for French instru­

ments, which have no thumb-hole. By opening these, the scale 

is completed, and the upper compass enlarged into the third 
octave. 

1:he material is wood, or more rarely, ivory. The shape is either 

strrught, or curved; the latter cannot be drilled out on a lathe, and is 

therefore ~early always made in two half-bores joined edgewise, and 

covered with leather to conceal the joint. 

_ During the Renaissance, the family normally included a cornettino 

m_ e' or d ' ; a cometto in a or g; and a comone or great comett in d, 

with a key c: each with an average compass of about two and a half 

octaves. There was also a high bass cornett in G; but neither this 

nor the great comett in d were very popular, and the general practice 

seems to have been to use a trombone (sackbut) to provide the bass, 

the tenor, and even very frequently the alto (leaving one or two treble 
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parts to the coroett itself). No very satisfactory bass cornett was, in 
fact, evolved. 

Towards the close of the sixteenth century, a true bass in C was 
allied to the cornett family ( without, however, anywhere superseding 
the use of the trombone). This, from its very wavy outline, is called 
the serpent. Later, a larger serpent was built, a fifth below; and even 
a monster a fourth lower yet. But these latter were the merest freak 
instruments. Nor is the standard serpent itself strictly a cornett 
proper; it bas a wider bore and thinner walls, besides lacking the 
coroett's thumb-bole at the back. It was primarily designed to 
accompany plain-chant in churches and cathedrals, and there is no 
actual evidence that it was ever employed for any other purpose 
until the latter half of the eighteenth century, when it became a 
popular military-band instrument (particularly in England) ; but by 
that time the cornett family proper had fallen into disuse. However, 
so close a cousin is the serpent of the cornett family proper that they 
are best treated together, especially since the serpent is the only 
successful bass instrument of the comett group. 1 

The serpent is a quite remarkable instrument. To begin with, it 
readily reaches three octaves above its pedal tone of C or D. Next, 
its original six finger-holes (later, several additional holes were 
operated by keys - still no thumb-hole) are placed, so as to be within 
reach, in theoretically quite incorrect positions for many notes, which 
can nevertheless be sounded, given adequate skill, in perfect intona­
tion. Finally, it can, if the player has the skill and the physique to 
loosen his lips sufficiently, take several notes lower than its funda­
mental proper : down to A, at least. 

The explanation of these last two phenomena is as follows. The 
notes which a lip instrument will sound most readily and sonorously 
are, as we know, the natural harmonics of its air column. But in any 
coupled system, the exciting partner may draw the responding part­
ner to some extent out of its natural pitch. It is by this means that 
players of wind instruments, especially lip instruments, ordinarily 
adjust their intonation to a fine exactness. 

Now it happens that on the serpent, and also, as we shall find, on 
the horn, the lips can exert this influence, in a downwards direction, 

1 The 'Lysarden' listed in the Hengrave Hail Inventory of r6o3 was, in 
Galpin's original opinion, a serpent. (F. W. Galpin, Old English hmrumems 
of Music (Methuen, r910, etc., r932 ed.), p. 195.) But he appears later to 
have considered it a tenor cornett. 

22. Viols in Modern Life (The English Consort of Viols) 
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to a rather unusual degree. Hence they can not only pull their notes 
into fine ii:itonation; they can, given the skill, actually sound notes 
which are not theoretically provided for at all. This is called forcing; 
and the nc1tes thus sounded are called factitious notes. 

The serpent outlived the remaining cometts; in France, it was still 
played in rural churches within living memory, while Thomas Hardy 
knew it in England, at least by repute. 'Old things pass away, 'tis 
true, but a serpent was a good old note; a deep rich note was the 
serpent.' 1 The indefatigable Dolmetsch family revived it; and I can 
vouch for its astonishing compass, and its full, flexible tone, ranging 
from a gemle cooing to the noisy bellow of an ox. 

Cornetts were often used to double voices, with which their rather 
pure tone. fitted them to blend. Mersenne (Harmonie Universe/le, 
1636) likeus this tone to 'a ray of sunshine, which appears in the 
shade or the darkness, when one hears it among the voices in 
Cathedrals, or Chapels'; Holme (Academy of Armory, 1688) calls it 
'a delicate, pleasant, wind rnusick, if well played and hurnered'; 
Evelyn (D1:ary, 1662) says 'now no more heard the comet which gave 
life to the organ'; and North (Memoirs, about 1720) adds: 'Nothing 
comes so inear or rather imitates so much an excellent voice as a 
cornett pipe; but the labour of the lips is too great and it is seldom 
well sounded.' (The labour for soft playing, however, as we learn 
from Men,enne, and as experience confirms, is exceptionally light.) 
Bach used the cornett in eleven of his Cantatas. 

The key bugles and keyed ophicleides (whose bass member sup­
planted the serpent in the orchestra, to give place in turn t0 the bass 
tuba) were successors and the Russian bassoon and the bass horn were 
variants (the ophicleide was still listed by Couesnon, Paris, in 1916). 
The origin.al family of cometts has now been successfully revived. 
The incredibly pure, clear and silvery sounds that can be produced 
from a treble Cornett, and the comparative ease with which it is 
sounded, augur well for the future of this once indispensable family. 

Ilc, 2: Th,e Family of Bugles 
The B u G LE family has, in general, the following characteristics: 
roughly three-octave compass; wide conical bore; large or varying 
mouthpiece; varying bells. Tone inclined to be broad and imposing, 
especially in the lower register. 

1 Under the Greenwood Tree. 
I.O.M.-1! 
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The highest bugles are generally known as ftugel hams, made in 
various pitches, of which the lowest and most important is in b flat. 
Next come three instruments varying in timbre: the most general 
names being tenor ham (E flat: medium bore); baritone (B flat: 
medium bore); and tenor tuba or euphomiun (B flat: wide bore). These 
are all in fact of baritone register; but the euphonium has the most 
solid and most bass-like timbre, and can reach down chromatically 
to its fundamental with the aid of its fourth valve. Then follow two 
bass tubas or bombardons in F and E flat, and a contra-bass tuba or 
bombardon in B, flat. The tubas (euphonium and bombardons) are 
among the most important brass units in the modern symphony 
orchestra, where, in addition to other functions, they often provide 
.a weighty bass to the trombone family.1 Finally, a giant sub-bass tuba 
has been built in (theoretical) E, flat, and even vaster sub-contra-bass 
tubas in C, and B,, flat. 

The tubas can legitimately be regarded as ophicleides ('keyed 
bugles', as we have seen) with valves instead of keys. 

It would serve no good purpose here to give further details of 
these instruments, whose compass varies with the number of valves 
provided. But N.B. the French six-valve C tuba, chromatic compass 
C, to c" or higher! - and two further complications. 

In 1845, Adolphe Sax, the inventor of the saxophone, patented a 
complete family of saxhorns, of which the lower members but not the 
upper members now valve their fundamental (pedal) octave in prac­
tice. The upper members are virtually £luge! horns; the lower mem­
bers are virtually tubas. Sax had, however, been anticipated by 
Stotzel of Berlin with a complete family of valved bugles some years 
before. 

Rather later in the nineteenth century, Richard Wagner, wanting 
to exploit a hornish form of bugle tone in full harmony, introduced 
bis so-called Wagner tubas. Of these, the 'tenor' was a roughly three 
and a half octave instrument using its fundamental octave, and in 
quality resembling the tenor horn. The 'bass', however, did not use 
its fundamental: it had a compass and timbre somewhat resembling 
the true horn in F, though a little less rounded in quality. Both tenor 
.and bass Wagner tubas were played with horn mouthpieces. Finally, 
the contra-bass Wagner tuba, unlike the others, was a true tuba, and 
played with a tuba mouthpiece. 

1 Plates 30, 34. 
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IIc, 3: The Family of Horns 
Il5 

The HORN family has the following general characteristics: compass 
extending through the fourth octave above the fundamental or even 
higher (tlb.e fundamental, when available, being of varying quality 
accordin~;to the pitch of the horn); narrow conical bore; narrow but 
more or l,~ss tapering mouthpiece; widely flaring bell. Tone superbly 
colourful,, but mellow. 

The orchestral horn (commonly called French horn) has passed 
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Fig. 2.5. Trumpet (A, B) and French horn mouthpieces 

through three main phases. First, the valveless natural horn in Bach 
and Handel's time was played (like the contemporary trumpet) with 
a special technique for sounding notes up to the twentieth harmonic, 
or even beyond, in which region the notes of the natural harmonic 
series lie close enough together to permit of melody: a technique 
subseque10.tly lost, which it would be to our great advantage to re­
cover. (Players with suitable lip muscles specialized on the top 
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register, approximately from the eighth to the twenty-fourth har­
monic, never having to adapt their lips to the lower harmonics. It 
is almost impossible to excel at both.) 

Haydn still wrote high horn parts of this character; but not Mozart, 
whose horn parts fall within the second phase, when a new technique 
was established, during the second half of the eighteenth century. 
This is hand-stopping, or inserting the hand into the bell in such a 
way as momentarily to change the pitch of the instrument, the notes 
thus modified being called 'stopped notes' as opposed to 'open notes', 
and the natural horn in this use being now called a hand horn as 
opposed to a valve horo.1 Horn parts became, at this period, less 
extreme, though the horn still kept command of its full standard 
range, up to the sixteenth harmonic, and Beethoven's horn parts are 
often of exceptional difficulty, especially in his chamber music. 

The valve horn (which is folly chromatic, where even the hand horn 
is not completely so) represents the third main phase, roughly dating 
from the second half of the nineteenth century. From Beethoven to 
Brahms the hand horn had been exploited at its best; the latter com­
poser, who played it in his youth, never really approved of the valve 
horn, as Wagner did. But in truth it is not the addition of valves 
which has changed the horn: hand-stopping is perfectly feasible on 
a valve horn, provided the player has cultivated this highly desirable 
addition to the technique. And it is only a myth that stopped notes 
need be too unlike normally unforced' open notes for the two to be 
artistically mingled, though they can be so contrasted as a special 
effect. No: what bas changed the horn is partly the established modern 
substitution of a rather wide bore (actually in German horns) for the 
narrow bore of the French horn proper, and yet more, the growing 
use of a built-in B flat alto crook (in the German 'double horn') 
which (as with the modern trumpet to be described below) turns the 
old long horn into a comparatively short-tube instrument. These 
changes make the instrument easier to play (especially in avoiding 
'cracked' notes); and good playing can go far, it is said all the way, 
towards imitating the beautiful narrow-bore tone on the wider-bore 
instruments, even with the shorter crook. But there are still some 
excellent horn players who regard the loss of the old French horn 
proper as a lamentable decline. Perhaps, once more, we really need 
both kinds. 

1 Plate 32 (valve horn). 
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Horns have been built or crooked in many tonalities from B, flat 

(or even A,) upwards. The standard tonality of the modern horn is 
still F. Like the serpent, the horn can 'force' its lower notes down­
wards to a remarkable extent (as much as a fourth at times). There are 
no horns strictly of higher than tenor register, though their extensive 
upper compass enables them to climb reasonably high in practice. 
T he lower horns would rank as bass instruments but for the fact that 
their bottom registers lack true bass sonority and power, thus placing 
them for practical purposes in the baritone class. The middle register 
is particularly characteristic, and often acts as a most effective orches­
tral cement, as when a horn holds a long intemal 'pedal' around which 
other instruments weave a shifting web of harmor,y. There are no 
other instrumental sounds quite so glowing. 

Uc, 4: The Family of Cornets 

T he CORNET family has the following general characteristics: very 
variable compass (up to five octaves as a quite exceptional stunt); 
rather narrow mainly conical bore; moderate mouthpiece; moderate 
bell. Tone very flexible and moderately brilliant. 

The cornet proper of modern usage (comet-a-pistons, cornopean, 
etc.) was developed early in the nineteenth century on the basis of the 
simple French posthorn; it has been used in various tonalities, of 
which the most important are now b flat and a. Its bore is partly 
wider than that of a modern trumpet; and it includes more of a 
conical taper. These factors make it more easy to play; it has, in 
clever hands, a quite astonishing agility. Since its tone (especially if 
it is played with a trumpet mouthpiece) has rather similar qualities, 
it has been much used as a substitute, in which role it is tonally 
inferior. In its own right, however, it has more valuable attributes. 

Lower comets have been built, but have never been of serious 
importance. 

Uc, 5: The Family of Trombones 

T he TROMBONE family has the following general characteristics: 
fundamentali usable only in smaller sizes and shorter positions of the 
slide; very roughly three-octave compass; rather narrow cylindrical 
bore; mouthpiece moderate; bell moderate. Tone rich and powerful .1 

1 Plates 30, 34. 



II8 MUSICAL INSTRUMENTS DESCRIBED 

There has existed a complete family of soprano, alto, tenor, bass 
and contra-bass slide trombones. The early trombones (sackbuts), 
which used, at least in some instances, a deeper, tapering mouthpiece, 
like that of the early horn, besides inclining to a narrower bell and 
thicker walls, favoured a quieter but mellower and richer tone, such 
as is now almost confined to German trombonists. The modern 
trombones use a cup-shaped but not sharp-edged mouthpiece except 
in France, where a conical mouthpiece is still in use. (But Adam 
Carse states that the chief difference between the old and the new 
trombone lies in the player, who now tends to force a loud and blaring 
tone, whereas his predecessors preferred to confine themselves to the 
softer and warmer qualities of the instrument.1) 

The most important modern trombones are the B flat tenor 
(especially), and bass trombones in G and F. There is an alto (obso­
lete in some countries) in e fiat, and a contra-bass in C, or B, fiat. 

The higher trombones have fallen into general neglect. In order 
to facilitate high notes on the customary tenor trombone, a tendency 
to diminish its bore, and consequently its fullness of tone, once 
threatened; but this was fortunately reversed. The proper remedy is 
to cultivate (as has been done) the necessary high technique on the 
tenor trombone, or to popularize the alto, or both. The contra-bass 
trombone was introduced into the modem orchestra by Wagner; it 
is a fine instrument, but so seldom written for that players cannot 
ordinarily afford to cultivate it. The bass trombone harmony is often, 
though not quite homogeneously, supplied by bass tuba (bugle) 
instruments. 

The slide trombones have an electric effect in the orchestra when 
boldly handled. In addition, they can create an aonosphere of majesty, 
both in full harmony by themselves, and when used to sustain other 
departments of the orchestra. 

There are also valve trombones, of which Wagner's bass trumpet has 
been called one, but wrongly; it has the true trumpet bell. 

Uc, 6: The Family of Trumpets2 

The TRUMPET is a close relative of the trombone, both possessing 
mainly cylindrical tubes of not very different bore. But the most 
aristocratic members of the trumpet family (namely, the eatly long. 

1 Musical Wind Instruments (Macmillan, 1939), pp. 261-2. 
• Plates 8-10, 33. 
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u uropets) stand out both from the trombones and from the more 
plebeian members of their own family (namely, the modern short 
rrumpets). Indeed, were it not for the fact that these two branches 
of the trumpet family merge at theit boundaries, their difference 
being only one degree, it would be necessary to treat them here as 
separate families, so considerable is that difference at the two ex­
tremes. Finally, the modern short trumpet is now even tending to 
Jose its mainly cylindrical shape, in favour of a largely tapered one, 
thus approximating to its upstart and formidably agile rival, the 
cornet. But: all trumpets have the following characteristics in some 
degree ; compass varying from less than three to more than four 
octaves ; more or less narrow and cylindrical bore; more or less small 
and angular mouthpiece; more or less flaring bell; colourful and 
brilliant tone. 

As with the horn, three main stages can be discerned in the 
orchestral history of the trumpet. 

Orchestras of the sixteenth, seventeenth and eighteenth centuries 
normally employed a long natural trumpet of bent tubing to the total 
extent of about seven feet, that being about the lengrh requited for 
the standard tonality of D. An eight-foot C trumpet was also in use, 
as well as shorter E fiat and Ftrumpets (there is little evidence for a 
G trumpet before the nineteenth century). Various further tonalities 
(down to AA at lowest) were obtainable by crooks. But by far the 
most characteristic early long trumpet is that in D, which, possessing 
as it does an unusually long and narrow tube, is capable of an ex­
ceptionally extended upper range (to its twenty-first harmonic, 
namely,!'" , four octaves and a minor third above its fundamental, 
or still higher in sufficiently able hands). The fundamental is not 
feasible in practice; but from its octave, the second harmonic, up­
wards, the tone is excellent. 

It is thought unlikely that the same player would normally have 
been expected to cover the entire long (D) trumpet range. For very 
high trumpet parts, a very shallow mouthpiece (and perhaps, though 
this is uncertain, a very narrow bore) facilitated the production of the 
extreme upper notes: in which aspect the trumpet was called clarino, 
and its specialized technique ( only attainable by constant practice 
and unusual skill, which is harder to maintain if the lips are also 
used for lower notes) was called clarinblasen. For rather lower trumpet 
pans, a second clarino player might be employed; next came the 



tromba, and after thilt the princi'pale, each probably using a slightly 
larger mouthpiece than the other, but all on D trumpets identical in 
length and fundamental pitch. Or there might be merely darini and 
principale. 

The art of clarino playing was already declining in Mozart's time, 
towards the end oft.be eighteenth century. For a time, trumpet parts 
became comparative,ly simple, being limited to the lower register, 
where the natural ha:rmonics do not lie so close together. To replace 
their difficult and novv abandoned clarino register, a curious expedient 
was evolved: the easy, brilliant upper or clarino register of the clarinet 
(literally though misleadingly 'little trumpet'), then newly establish­
ing itself in the orchestra, was used instead. It was soon found that the 
clarinet is happiest ais a clarinet, while true trumpet tone can only 
be had from trumpets: which has not, however, prevented similar 
evasions in our own day, as when we misguidedly give Bach's 
trumpet parts to an E flat clarinet or a piccolo heckelphone. 

The second main phase of trumpet history came with the early 
nineteenth-century addition of valves to the long trumpet (producing 
the valve trumpet). Slide trumpets, already ancient in Bach's time, 
had a considerable r.Lineteenth-century vogue in England; but the 
valve mechanism won. Either method enables the gaps in the natural 
trumpet's scale to be i,atisfactorily filled, This was all to the good; but 
at the same time a farther tendency set in which had less desirable 
results. To make the instrument easier to play, its standard length 
was shortened, and its fundamental pitch consequently raised. For 
a time, F, G or A flat, with crooks for E flat, D and C (yet lower by 
combining crooks) olbtained; in the second half of the nineteenth 
century, the use of cmoks went out of fashion, most orchestral players 
using the F trumpet lllllcrooked, and transposing their parts at sight 
where necessary. 

Finally, early in th,e. twentieth century, the F and E flat trumpets 
(the laner chiefly a military-band instrument) disappeared in turn, 
in favour of a yet sho:rter and higher-pitched trumpet in B flat or A 
(or both combined by a 'quick-change' valve), or often, even in c: 
instruments little ovei: half the length of the early long trumpet in D. 
Of course, standing 111early an octave higher, they can play Bach, 
Handel and other high trumpet parts relatively easily, using their 
lower and middle registers. In fact, for Bach parts trumpets in d or 
even (for the celebrated and formidably lofty Second Brandenburg 

part) in/ are now ordinarily used: which eases matters still further. 

('High D' and 'High F'.) . _ 
But what is gained in ease is unfortunately lost m quality. For as 

we have seen, it is precisely the long, :narrow tube of the early trumpet 
which favours very high harmonics, not only as high notes, but also 
as brilliance and colourfulness of to11e. To play high parts, the long 
trumpet must use its highest register, and this is difficult in the C.'<­
treme. But it is by no means impossible. And the reward in sheer 
brilliance of tone is worth the effort. 

The modern short trumpet, even in its high forms, is not to be 
belittled when the composer has specifically written to exploit its 
own virtues, as Rimsky-Korsakov, :for example, was fond of doing 
(though not quite up to the modern extreme of a piccolo trumpet in 
b' flat, which is so short as to be in danger of sinking towards two­
octave compass and tone quality, b1:ing a little shrill and bodiless). 
These virtues are great agility and certainty, coupled with a very 
passable colourfulness and brilliance: of tone. But they do not com­
pensate for the lost advantages of the early long trumpet in music 
·written for that instrument, which is, let there be no mistake, much 
more colourful and brilliant. 

For this reason, some attempts have been made to recapture the 
assets without too many of the liabilities of the older instrument. The 
most celebrated was Kosleck's so-1::alled Bach trumpet in A (in1-
proved by Morrow), a fifth above the real Bach trumpet, and con­
siderably more colourful and brilliant than the modern short trumpet, 
though less so than the early long trumpet, as might be expected 
from its intermediate position between the two. li'<cept for its two 
valves, it is picturesquely made su·aight, instead of being bent on 
itself like an ordinary trumpet: butt it is no more than a halfway 
compromise. A similar but shorter 1and higher Bach trumpet in d is 
also used: but this, though markedUy brighter than the cornet-like 
modern short trumpet now fashionable, is itself a short instrument, 
lacking the noble qualities which Ollly the long, narrow bore of the 
long trumpet brings. 

Rather over a decade ago, true long D trumpets on the original 
pattern, with the justifiable addition of two valves for correcting the 
intonation, were reintroduced by Mc~nke, together with an F trumpet 
for the Second Brandenburg; but without, unfortunately, being taken 
up. The obstacle is less the difficulty of the high clarino technique 
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(which modem players have shown that they can master) than the 
economic problem of providing a livelihood for trumpeters special­
izing, as of old, on that te,chnique, for which there is not at the moment 
an adequate demand, though there will be, so soon as our composers 
wake up to the possibiliities of this prince of instruments. 

Meanwhile, the mod~:m short trumpets, though not so brilliant 
as the true long trumpets, remain by far the most brilliant instru­
ments in the symphonic orchestra, through which they can ring with 
magnificently stirring an.d exalted effect. They have, indeed, a more 
powerful kind of brilliance than the old long trumpets, whose tone 
is of a lighter character. Having all the advantages of agility and 
certainty, the modern trumpets can play freely in melody throughout 
their compass; and whe:n supported by their near kith and kin, the 
slide trombones, they yield full harmony of splendid character and 
brightness. 

XI • The H urr1an Voice 

Singing a combination of two processes 

The HUMAN VOICE, as we have seen,, is a reed instrument; unless~ 
indeed, you are whispering or whistling, in which case you do not 
use the vocal cords. 

When you whistle, and also when you vocalize (sing wordlessly on 
a vowel or near-vowel sound) or hum (vocalize nasally with the mouth 
shut) you produce melody, but you do mot enuncia~e. : he~e p racti_ces, 
however, are not musically very important (vocalizanon 1s occasion­
ally used in serious music). What is musically important is song, 
which is a combination of melody with enunciation. 

The apparatus of vocal melody :and the apparatus of verbal 
enunciation, though they are connected, are essentially distinct. It 
will be simplest to take verbal enunciation first . 

How language is enunciated 

Language is made up of two chief classes of sound: consonants and 
vowels. A consonant is, roughly, the explosive sound with which a 
vowel is attacked or concluded. For e1tample, you may start or end a 
vowel by bringing your tongue against your teeth, thus giving a 
'dental' start or finish, such as D or T; or you may close the throat, 
thus interposing a 'guttural', such as G or K. There are also semi­
vowels like L or M, which can be co,ntinued without leading to or 
following a true vowel sound (you can vocalize on L and hum on M). 

Vowel sounds are continuous sounds into which two definite pitches 
enter, though you do not stop to think of them as such. The two 
pitches are produced in the two parts of a resonating chamber con­
sisting of your mouth and throat, the relative sizes and opening~ of 
which you control by changing the position of the tongue and lips. 
The two pitches thus produced evoke, in tum, their own different 
upper harmonics; and the whole elaborate compound makes up one 
or other of the familiar vowel sounds . For example, you open your 
lips and raise your tongue, and 'ee' ,:merges; or you protrude and 
nearly close your lips, and 'oo' emerg;es. 
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If you adopt like positions, but merely breathe without setting your 
vocal cords in motion, you enunciate like vowels, but at a whisper. 
The whole of speech is possible at a whisper, thus showing that 
enunciation is controlled in the mouth, and not in the vocal cords, 
which merely reinforce it. 

Melody can also be produced and controlled in the mouth, as in 
whistling. But melody combined with enunciation cannot be so pro­
duced: both the vocal cords and the control of the mouth are needed: 
the former to contribute the melody, and the latter to contribute the 
enunciation. Try 'singing' without the vocal cords, i.e. at a whisper: 
you can produce 'ee' on high notes and 'ah' on low notes; but not 
the other way about. 

How vocal melody is produced 

The pitch of the vocal cords can be varied at will, within a compass 
which generally extends over about two octaves, by varying their 
tension, and the pressure of air brought to bear on them. The neces­
sary adjustments are involuntary, but can be improved by practice. 
This is part of what is called voice training. A further part is learning 
the best way of controlling the breath needed to excite the vocal 
cor~, and incidentally to sustain life. Since a long vocal phrase may 
considerably exceed the duration of an ordinary breath, and, if loud 
and high, requires unusual volume and pressure, breathing must be 
exceptionally controlled and steady. 

The quality of the voice, like that of other instruments, is governed 
by th~ upper harmonics, presented in this case by the vocal cords, 
and reinforced by the throat and head cavities. Both factors are largely 
determined by sex, age and personal idiosyncrasies; but within these 
limits, they can be controlled at will, and this control, too, can be 
improved by training. 

Voice training is no novelty. Medieval and Renaissance choirs were 
expected to sing with virtuoso accuracy and perfection. In the Baroque 
seventeenth and eighteenth centuries, voice training became almost 
an obsession: many obviously went to the opera to enjoy not so much 
the drama, or even the music, as the vocal acrobatics. In the romantic 
nineteenth century, operatic reforms culminating in Wagner necessi­
tated a style of singing declamatory enough to match the emotional 
tension, and powerful enough to match the massive orchestration of . ' the new music-drama. This, too, was triumphantly achieved. 

L.ike most techniques, trained voice-production is capable of mis­
use. Folk songs can be hopelessly falsified by an inappropriate so­
phistication, which makes the song sound trivial, and the singer 
insincere. The sort of tone at which he has become an adept is quite 
un1i:tted for the purpose; and in acquiring it, he has overlaid his 
unaffected voice. A born folk singer, on the other band, has his own 
skill., suited by nature and cultivation for his own folk purposes. 

Our problem today with the vocal music of earlier centuries is not 
our usual one of adapting an excellent modem technique to the 
different requirements of the older styles. It is the special problem 
of r,ecovering a consummate technique we no longer command. The 
art ,of virtuoso singing is no longer in so sound a condition as it was 
even a generation ago. As we listen to the pathetically primitive 
gramophone recordings made on crude apparatus by the great 
sin~;ers of the beginning of the twentieth century (often in old age 
after their voices had long passed their best) we cannot help realizing 
how serious our loss in this respect has been. Not even our rare best 
singers of the present time can produce the effortless flow and pro­
digiLous accuracy which were by no means uncommon at that com­
par:atively recent period, and which were the subject of innumerable 
ear--wimess accounts at earlier periods. We simply cannot do some 
of the things the older singers are known to have been able to do. 
The tradition is no longer fully with us. 

l['here is only one fundamental tradition of great singing as the 
West understands it. This is the grand Italian tradition. All other 
good styles of singing have been based on it. The most important 
elements in it are a very forward voice-production, and a strong 
ad.mixture of what singing-teachers call the chest voice, not only in 
t he low notes but through the whole register. The forward produc­
tion gives a carrying-power and an incisiveness beyond anything 
which mere forcing can achieve. T he admixture of chest voice gives 
a rilchness and colour to the lower notes and a power and accuracy to 
the: upper notes of which many modem singers have no real con­
ception. Every note can be placed exactly in focus; and it is voice­
pla.cing such as this which reaches easily to the back of the largest 
hall through the largest orchestra. It does not sound particularly 
lo\nd either from far away or from near by; but it carries and it cuts 
thrnugh clean and clear, as very little modem singing does. The 
vibrations are not exceptionally massive; they are exceptionally free, 
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and that is the secret of good and telling tone on any instrument, the 
voice included. Only a few teachers of singing are in touch with this 
traditional technique at the present time, and there is some danger 
of its dying out. But recently there have been signs of a recovery, 
and it is certainly not yet too late to save the situation. 

Some methods of voice-production, which all good teachers would 
now repudiate, are so forced and fruity as to be unfit for any_~~ic 
worthy of the name. The same is true of a certain exaggerated division 
into 'chest' and 'head' registers; the two need to be consummately 
blended and proportioned. Nor have we, since the early nineteenth 
century, favoured castration as a means of carrying into adult life a 
male treble voice of peculiar power, such as was extravagantly 
fashionable in the heyday of Italianate opera. As a modem substitute 
in performances of early castrato parts, we use either a female voice 
(soprano or mezzo-soprano or even contralto) or a high male voice 
of the counter-tenor quality (see next paragraph but one below). 

How enunciation and melody are combined 

Since, broadly, enunciation is controlled in the mouth, and _melo~y 
and timbre in the throat, the judicious singer can range over his enure 
compass, and produce his utmost range of tone quality, without 

obliterating his words. 
True, he must be at pains to sound his consonants effectively; _but 

this has the added advantage of imparting articulation to what might 
otherwise be too uninterrupted a flow of vowel tone. As it is, Italian 
song always sounds comparatively soft, whereas German sounds 

comparatively rugged. . 
Again, the singer must sound his vowels from the best pos~1~le 

position of mouth and tongue; but this is usually ~e best ~os1uon 
for singing them. Some nasal vowel sounds ( conspicuous m s~g 
French) are always a trifle acid. Worse, some vowels need fo~uve 
harmonics not presented by certain notes in the human (especially 
the female) compass: in that event, enunciation and melody cannot 
be reconciled; and it is enunciation which goes to the wall, the vowel 
being inevitably falsified in the act of pitching the note. But for the 
most part, so far from conflicting, enunciation and melody enhance 
each other in a true marriage of the separate arts of poetry and 

music. 
And what a marriage! We sometimes call music, metaphorically, a 
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language. But poetry is literally language, with all the verbal power of 
narirating and describing, of evoking associations and visual images, of 
bringing before the mind a whole dramatic situation. Combine with 
this the musical power of conjuring up a mood and playing upon it, 
and you have, at worst, the most incongruous, but at best the most 
imaginative, of all artistic alliances. 

Song may be unaccompanied, like most true folk song; or set to a 
mere supporting tissue of simple harmony. It may trace one from 
among a network of contrapuntal melodies, the rest of which are 
instrumental, as often in Elizabethan settings or Bach arias. It may 
carry the whole network without instrumental support, as in Pale­
strina; or with it, as in an oratorio. It may be matched with a com­
ple~:, independent lute or harpsichord or piano part. It may be 
brought, as Mahler brought it, into a great symphonic pattern. And 
finally, it may join with the drama, and sometimes with the dance 
as well: it may culminate in opera. In all these situations, it remains 
a colourful and satisfying instrument. 

Ilo, 1: The Family of Human Voices 

The, family of human voices has four main members, two female and 
two male; their average compass being: soprano, b flat to a" or b" 
flat; contralto, e or f to e" or a little higher; tenor, c to about b' flat; 
bass" about E to about e'. 

These limits are considerably exceeded in exceptional and highly 
trained voices. A coloratura soprano must ascend, with the utmost 
agility, to f"', and higher notes have been attained. A fine dramat£c 
s~pr,~no must reach c" ' with full power, as well as possessing that 
rrng:1:°g yet e~pressive timbre which is the mark of true soprano 
quality; a lyric soprano has a lighter version of the same quality. A 
boy soprano will cover a bout a to a", with a certain cool innocence of 
timbre. A mezzo-soprano can reach almost as high as a dramatic 
soprano; but her most effective register (tessitura) lies rather lower, 
and her quality falls midway between soprano and contralto quality. 
!he true contralto quality is extraordinarily deep, rich and resonant, 
m complete contrast to the bright soprano timbre; indeed, it includes 
~ome of the most sombre of vocal tones, and can be peculiarly effective 
m opera. 

Contraltos are sometimes called altos; but alto properly means a 
male: cathedral alto: this is a natural tenor or bass who has cultivated 
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the art of using only part of his vocal cords, 1 and of thus singing 
harmonics in a falsetto alto register from about f ' to c" . A co_unter­
tenor is a tenor with a very high natural tcssitura (the male eqwvalent 
to the female coloratura soprano). 2 

A fine operatic tenore robusto or Heldentenor (hero tenor) must rea~h 
c" with sureness and power, and his voice m~st have ~ spec~al 
shimmering ring. A lyric tenor has a lighter quality. A baritone lie~ 
between a tenor and a bass, ranging from about A flat to perhaps a 
fiat. A basso canta11te is a bass who excels in his high rcg~ter, an~ 
tends to a light quality; a bass-baritone is one who has culovated his 
high register and his low register equally, and has the necessary 
weight for such an operatic part as Wagner's Wotan; a bas~o profu~do 
has an exceptionally fine and deep low register, :113d a m~ss1ve quality; 
a contra-basso is that specialized bass found m Russia, capable of 
descending to the astonishing pitch of F,. 

1 It is not certain whether this can be regarded as a satisfactory explana-tion or whether one has yet been offered. . . if M . d t Denis Stevens (article 'Countertenor'. i~ Gr'!"e's Dict1~nary o usic an Musicians, th ed., London, 1954) disungu1shes a high ~unter-tenor (ranging fro~ about g cod" or e" ) from a low counter:tenor, goIDg do~ to d He rightly calls the high counter-tenor (of which Alfred Deller is a fa:ou's example) virile in quality ~y comparison with a male alto. The article is valuable and worth consulting. 

XII· The Organ 
be organ many instrum ents mechanically combined 

,.he organ is many instruments in one. In order to bring these many 
i:lstruments within reach of a single player, machinery of consider­
ible complexity is necessary, and this interferes in some degree 
rich his direct control of expression. Nevertheless, effects are possi­
tle which no other means can offer; and when well designed and 
];lndled, the organ can be a magnificent instrument. 

In essentials, an organ is a set of pipes, an apparatus for supplying 
vind under pressure, and a means of joining one with the other as 
r:quired. The Romans and Byzantines bad a rather elaborate form 
0-organ ( the hydraulus ), with several sets of pipes; an apparatus for 
seadying the wind supply by water pressure; and a keyboard for 
jdning the required pipes to the wind supply. The keyboard later 
dsappeared, to be replaced by a cruder system of sliders; but re­
an,eared in the twelfth century. T he pneumatic organ as we know 
it was also known to antiquity. 

The organ was of great importance in the Middle Ages, whether 
ll! a large and important church organ, in one case with as many as 
tei pipes to each note (this example needed seventy men to work the 
bellows) ; or as a small hand instrument (the portative organ), easily 
ca-ried by a strap across the shoulder, and played with one hand 
wlile the other worked the bellows.1 T he positive organ was larger 
aiti normally left in position rather than carried ; but it was trans­
pcrtable at need. The larger medieval organs were for mechanical 
reisons quite incapable of subtlety, and were valued mainly on 
ac.:ount of their prodigious power and sheer raucous volume. 

During the Renaissance, the portative declined in fashion . Its 
place was taken by the chamber organ, i .e. positive (a pipe organ 
ge:ierally somewhere about the size of a large bureau, and usually 
wi:h one or two sets of stopped wooden flue pipes of sweet soft tone, 
bll sometimes with several sets of pipes of differing tones); and the 
reg:zls (a little reed organ with beating reeds as in the clarinet, but 

1 Plates 4, 9, u . 
129 
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tiny pipes hardly long enough to affect the pitch, though they affect 

the tone quality by picking out some high harmonics). 

The harmonium 

The regals, a more powerful instrument than its small size might 

suggest (at its smallest it was no larger than the tiny portative), is the 

forerunner of a not wholly satisfactory modern instrument, the 

HARMONIUM, with its smaller and less pretentious relatives, the 

acurrdion and concertina. But these three latter have 'free' instead of 
'beating' reeds ( closing the air-passage incompletely instead of com­

pletely); and no pipes. 
The harmonium, and its softer variant, the American organ (which 

sucks air in, instead of blowing it out), have registers of different tone 

quality, contrived by different shapes and thicknesses of the tongues. 

The accordion may have a keyboard and studs for sounding the 

notes required; the concertina has studs alone, but it is the more 

virtuoso instrument. In both, the bellows are worked by the hands, 

while the fingers find the notes. The mouthorgan is, in effect, a tiny 

accordion played with the breath. 

The chamber organ 

To return to the Renaissance: the portative, the chamber organ and 

the regals were alike in serving, on the whole, secular rather than 

religious purposes. When the Renaissance merged into the Baroque, 

the chamber organ became of still more importance. Throughout 

the seventeenth and eighteenth centuries, it stood in many homes. 

It was probably almost as common an accompanying instrument in 

seventeenth-century England as the harpsichord or the lute, not, it 

is true, for music in the lighter vein, but for serious fantasies, motets 

and the like. 
Early in the eighteenth century, Handel wrote some fine concenos 

for the organ, which require a not very elaborate or powerful 

chamber organ, or a small Baroque church organ, for their proper 

performance; the big modern organ has neither the right tone nor 

the right ability to blend with an orchestra, especially a rather small 

chamber orchestra such as Handel used. Haydn wrote a concerto, 

and Mozart wrote seventeen sonatas for the organ;1 but in their day 

1 Geiringer, Musical Instruments, p. 219. 
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(the latter eighteenth century) the chamber organ, with its secular 

repertoire, had already begun to pass out of fashion. Dolmetsch 

revived it; and a very pleasing l1strument it is. In recent years, it has 

rak~n its place again as one ofhe ~ccessary instruments for a fully 

sausfactory performance of thcearlier schools of music. 

TI1e medieval church orgar 

The great monastic cliurclz or~ of the Middle Ages had multiple 

sets or ' ranks' of pipes, but no p~ of playing the ranks separately. 

I_f a key was pushed down, all thl pipes attached to it came into opera­

ao:n. !hat was one main reascn why the action was so heavy; the 

combmed air-pressure built ur a tremendous resistance to be over­

come. The pipes attached tc each key might include pipes of 

different scaling and proportioro and perhaps material, giving differ­

ent' tone-colourings; they migJt also include pipes at a different 

pitch from the note in question e.g. at the octave or double octave; 

at a fifth plus one or more octtves ('quint'); at a third plus one or 

more octaves ('tierce'). The e,rfect of these different pitches is to 

reinforce the upper harmonics ;orresponding to them: a quint rank 

wi1 I reinforce the third harmcmc; a tierce rank will reinforce the 

fiftlh harmonic (see Fig. 18 on p. 12). Such ranks are called 'mix­

~ur1:s•~ and add very greatly to the colourfulness of any organ tone 

m which they take part. By an (ffort of attention we can quite easily 

hear them as separate notes iJ' their own right, but we ordinarily 

hear them (like the upper hartlOnics which they reinforce) only as 
ton,e-colouring. 

Thie Renaissance church orpn 

By the fourteenth century, mttltiple keyboards (including a pedal 

board) ~re added to multiple ranks of pipes, as a means of playing 

on t:he different ranks not only Ill one vast and glorious mixture, but 

separately for distinct effects of tone-colouring. By the fifteenth 

century, there were added multiple stops, i.e. systems by which air 

can be directed at will into atlY desired selection from the pipes 

atta1:hed by a given key, thu~ giving much greater control over 

distiinct effects. The variety of the ranks was also greatly developed. 

Some pipes, being narrow for their lengths, are rich in high har­

montics, and yield a brilliant sound. Others, being wide for their 

lengths, are weak in high harm('WCS, and yield a veiled sound. If the 
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exit to the pipe is stopped, the pitch drops an octave. If the exci~g 
tone is made to overblow, the pitch rises to the second bannoruc 
(i.e. the octave) in an open pipe, but to the ~d hannoni~ .(i.e. the 
tv,elfth, or octave plus a fifth) in a stopped pipe. If the excmng tone 
is an edge tone (flue :pipes) there tends to be less colourfulness 
caused by high harmonics than if the exciting tone is a reed tone 
(reed pipes, including Degals with their very short resonating pipes). 
Reed pipes are generally conical; if they are made cylindrical, the 
pitch drops an octave. A number of such varied ranks might be 
attached to the keys of each keyboard; and devices (known as 
'couplers') were also developed by which two keyboards can . be 
linked so that notes played on one will also operate the corresponding 
notes on the other. 

Organs of this refinement and complexity were first developed in 
North Germany; and Cecil Outton, a great English expert on early 
organs, considers that by the late fifteenth century they were so far 
in advance of their time there that they have the essential character 
of Baroque rather than of Renaissance organs.1 The typical Renais­
sance church organ was much simpler, and to judge by a fascinating 
tape-recording brought by Mr Clutton to a recent meeting of the 
Royal Musical Associatiion in London, much fiercer. The difference 
was in the 'voicing', which is a term for the fine adjustment of the 
exciting tone to produce the kind of attack desired. Forward voicing 
yields a comparatively explosive attack which incidentally favours 
high harmonics and fiery tone-colouring; mild voicing yields a com­
paratively reticent attack which moderates the high harmonics and 
the tone-colouring. T h:is particular organ, a very rare survivor of 
Italian Renaissance work, had such fonvard voicing that it nearly 
shot you out of the roonn. I have never in all my life heard anything 
more magnificent. It was certainly lacking in refinement; but it 
compensated for this by such a character and virility that I suppose 
for the first time in my life I completely forgot that an organ, how­
ever good, is after all a machine as well as a musical instrument. 

The fierceness was e:ircessive for average musical purposes. The 
machine reached its highest stage of development not in this Renais­
sance form (which must resemble the crude medieval form in this 
respect, and indeed incllines me to a more favourable view of what 

1 Cecil Clunon, Ch. TI, 'The Organ', in the symposium Mu.ical Instru­ments, ed. Anthony C. Bai.Iles, London, I961, pp. 6o ff. 
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that crudity must have sounded like) but in tle next stage, the 
Baroque organ proper. 

The Baroque church organ 
During the seventeenth century, and the first par. of the eighteenth 
century, the organ received, besides several imrrovements in the 
wind-supplying apparatus, a number of new registers, notably 
(eighteenth century) narrow open flue pipes to si.I,ulate string tone. 
The tremolo stop (agitating the wind supply so JS to give a wavy 
effect, very susceptible of abuse) and the swell (a shuttered box 
enclosing part of the organ, and permitting crescendos and diminu­
endos when opened and shut, as in some eighteenth-century harpsi­
chords) were added; and couplers linking different registers were 
much elaborated. Wind pressure remained very low. The voicing 
was moderately fonvard, giving a much more ~irile attack than 
subsequently, though much less fierce than in the true Renaissance 
organ. 'Mixtures' remained numerous and of strong tone-colouring. 

There were many varieties of l3aroque organ .tt different times 
and places. The best of them were about as good ,s an organ needs 
to be with all the character and expressiveness .1 musician could 
desire. 

The modern organ 

In the course of subsequent development, two tendencies set in, 
which reached their peak in the nineteenth-cenniry organ. Many 
registers were included which did not greatly differ, but were rather 
intended to blend imperceptibly than to contrast decisively. And 
wind pressure was increased to meet the ever-growing demands on 
the air supply, until the action of the keys, when many stops were 
brought on, became almost as heav:y and laborious as it had been in 
the strenuous medieval days; for the valve which lets air into the 
pipe must always be pressed open against the air pressure within; 
and the greater the pressure, the gr1::ater the resista11ce of the key. 

To meet this latter difficulty (becoming really acute early in the 
nineteenth century when motors took the place of manpower for 
supplying air pressure, which could thus be raised beyond all pre­
cedent), an action was devised in which most of the work of opening 
the valve is also done by machinery, either pneumatic or electric, or 
a combination of the two. Of these, tl~e most mechanically successful 
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is probably the electric, which can be very light, and is instan­
taneous while the console (keyboards and register controls) can be 
placed ~uite separately from the organ itself, _being connecte~ with it 
merely by electric cables: whence the peculiar freedom en1oyed by 
players of cinema organs, whose console may be a species of electric 
lift. But the arrangement has other and more solid advantages, as 
when it is desired to join a modern organ with an orchestra, and the 
player and his console can be placed conve~ently ~ong ~e other 
players where he can see the conductor easily. But high wind pres­
sure h~ greatly changed the tone. Much of the old virility bas gone, 
and a more mechanical character been substituted. 

The nineteenth and twentieth centuries have also brought a nwn­
ber of other mechanical developments. One of the most valuable is 
a system of combination pistons ~y which ~dvance preparations can 
be made for blending several registers, which can then be brought 
into simultaneous operation at the touch of a single control: rath:r 
like the preselector gear change on certain motor-cars. Or there 1s 
the double touch: press the key normally, and you sound a com­
paratively reticent register by means of an electric contact of ~e 
normal sort; press rather harder, and you make a second electric 
contact, bringing in another and louder register. M:any good effectS 
are thus possible, including a sudden accent on a smgle_note; how­
ever, the effect, like so many mechanical substitutes for direct conn:ol 
of expression, is necessarily a little unsubtle. There are also special 
pistons for producing a sforzando accent; a~ well as a crescen?o 

dal operating a roller for bringing in and taking out a graded series pe b b. . . of stops, much as a harpsichordist increases volum_e y ringing in 
more stops, and decreases it by taking them off again. Indeed, th~re 
is no end to the variety and ingenuity of the modem organ; mac~-

bas placed powers at its disposal which have proved a temptauon 
~ome organ builders. Having heard a num~r of~ar?e early organs, 
I cannot help agreeing with those who t~ this ms~ent ~as 
been badly spoiled since the Baroque period, though in varying 
degrees by different makers and in different instances. . 

French organists and organ builders have tended t~. subordinate 
the solid, comparatively uncoloured diapason qu~ues to more 
dramatic colourings. In Germany, and on the whole in Englan_d, the 
diapason is still, and I think preferably, treated as the fo':1°danon. A 
certain dignified impersonality is in the nature of the instrument, 
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and is not to be despised, still less exchanged for over-mechanical 
effects or freakish registration. 

There is no 'sustaining pedal' on the organ, but none is needed. 
The foot (pedal) keyboard can always hold a long note or two at will 
to bind the harmony together (this is the origin of the term 'pedal 
point', or 'organ point'). In general organ tone is more likely to be 
too much sustained than too little. No direct accentuation being 
possible, phrasing on the modern organ, even more than on other 
insttuments1 depends on the minute but indispensable silences be­
tween one phrase and another: a good finger legato must, and can 
be, learnt; but its misuse is fatal. 

So long as organ keys were not power-assisted, not needing to be 
so because the wind pressure was kept within modest bounds, the 
player, by striking the key more smattly, could cause the pallet (air 
valve) to open more swiftly, so that the pipe responded more 
promptly, and a slight but appreciable accent resulted. This slight 
yet valuable resource was lost when high wind pressure and power­
assisted actions (especially electric actions) became the rule. Thus 
the organ, always a comparatively impersonal instrument, has be­
come more impersonal than it was when J. S. Bach played it and 
composed for it: while we have also tended to lose the old clear con­
trasts of tone in our new smoothly matched and graded resisters. 
For ~es~ reasons, ~ough a modem organ can render Bach finely 
when it mcludes swtable stops, and (yet more important) is played 
with understanding of the style, there has nevertheless been a deter­
mined attempt in Germany and America to restore the classical 
ch~ch organ as Bach knew it and loved it. Whatever their respective 
merits, the Baroque organ and the modem organ are very different 
~struments. I find the former more lively, sensitive and interesting 
m every way. But some very modem organs have recaptured these 
qualities. 

The organist has certain special responsibilities from the special 
resources at his command. Even when the composer indicates his 
wishes in the matter of registration, organs differ so much that it 
really rests with the organist to use his judgement. This is much as if 
a sympbonist left his orchestration to the conductor. 

However, the worst heresy that can infect an organist is the am­
bition literally to imitate an orchestra. It is in keeping with the best 
traditions to give the organ a wide range of registers, and even to 



136 MUSICAL INSTRUMENTS DESCRIBED 

refer to them by their nearest equivalents, as geigen (violin), v?x 
humana (human voice), oboe, trumpet and the r~t. ~ut_ to_ twist 
what should be a living instrument into a mechamzed _mutanon of 

ething it can never truly resemble is mere degradation. som . 1 t That is, I think, the radical defect of the cinema organ. canno 
pretend to treat this with impartiality: I hate its bl~tant_tones ~d 
soulless mimicry. Its wntiring lungs offer no respite; its goansh 
tremulant makes a mockery of decent feeling; it is as ~l of stunts as 
it is devoid of genuine intelligence or sincere emono~. As I have 
watched it rising from the infernal regions, slow!~, m ~~I blast, 
illumined luridly, I could no longer doubt its diabolical ongms. 

XIII- Percussion 
How percussion is used in m,nsic 
There is a wide variety of peroJSsion instruments. Some yield a 
fluctuating fundamental, and upper harmonics too irregular to rein­
force it with difference tones: the result is a noise of no definite pitch. 
Others yield a sufficiently stable fundamental and a sufficiently 
regular harmonic series to result wt tone of more or less definite pitch. 
But both kinds have their uses in bringing out rhythms, colouring 
the tone, or even simply adding t,o the volume of sound. 

You have clearly to be careful how you use this more or less noisy 
percussive 'kitchen'. But it is of great orchestral value. Drums, 
cymbals, gongs and the like are capable of a tremendous crescendo 
from quiet beginnings to a powerful climax. Or they may be brought 
in at the last moment to bring already heated emotions to the boil: 
a single brilliant clash of the cymbals will often do as much. Soft 
drum-beats, again, may be heard throbbing through a lightly scored 
passage, or even playing fragments of melody unaccompanied. 
Barbaric splendour is by no means the only function of the per­
cussion: indeed, the only percussi,on instruments to hold a standard 
position in the orchestra are the :kettledrums, which can be runed 
to a choice of notes definite in pitc:h, and beautifully musical in tone. 

In music without harmony, there is less danger of obscuring the 
tonality by including overmuch percussion. Hindu orchestras have 
been brought to Europe and America, in which a leading part is 
taken by complete sets of drums, bowls, bells, clappers and the like, 
some beautifully clear in tone and definite in pitch; others less so, or 
not at all. An Oriental drummer's judgement and sheer manual 
dexterity may equal those of a superb concen pianist. Many native 
orchestras consist of percussion instruments alone, in a combination 
of different tone qualities and rhythms so intricate as to effect what 
in Western music we should call counterpoint. The finesse, the 
virtuosity and the musicianship of such performance are often a 
magnificent demonstration of the lengths to which percussion can 
be carried at its most refined. 

137 



MUSICAL INSTRUMENTS DESCRIBED 

IIIA: Membrane percussion 
The KETTLEDRUM1 is now usually employed in sets of three, wbch 
may be tuned to a choice of three notes, normally ranging from abiut 
E to g (but four kettledrums is by no means extreme). The tUDDg 
can be changed during the course of a composition, provided _the 
drummer is left a few bars' rest in which to make the change. Snee 
composers are not always as considerate as they might be, :he 
drummer may at times be seen very rapidly at work making Jie 
necessary adjustments in the tension of his vellum, by tighteninf or 
loosening the screws which hold its outer hoop in position. Numeous 
devices have been patented for effecting changes of tuning h a 
single screw (machine drum) or even by means of the feet (pdal 
drum), the best of which are reasonably satisfactory. 

The pitch of the kettledrum does not only depend on the temon 
of the vellum, but also on the diameter of the drum. Stan~d 
diameters are 29 in., 26 in., and 23 in. or thereabouts, though 3c m. 
and 19 in. would not be too extreme for a low Dora high g 11t a. 
(Schubert and Mendelssohn asked for f sharp; Elgar for g; and cren 

higher notes are not unknown.) 
The quality of the tone depends primarily on the fineness md 

uniformity of the vellum - what a tympanist will call a 'good hmd'. 
It is also affected by the material used for covering the stick hods. 
Piano felt soft or hard is standard, but composers (e.g. Berlioz) :lave 
indicated wooden sticks for special effects. A bigger, tighter lead 
and a smaller, slacker head yield different timbres for the same rote. 
The player's skill can make a radical difference in .the beauty o:the 
tone and will give him considerable control over its character. 

The side-dl'um, 2 the tenor drum and the bass drum, 2 unlike the 
bowl-shaped kettledrum, have a vellum at either end; they are ~te 
indefinite in pitch. The side-drum has a set of catgut strings or netal 
spirals tightly stretched across ~e opposite end to th~t . whid the 
player strikes : these rattle agamst the parchment, g1':7111g a dry, 
crisp sound; they are called snares, whence the alternat1ve nane of 
snare-drum for this instrument. The tenor drum is not commm in 
the orchestra; but the bass drum is fairly frequently employed when 
a deep, thunderous sound, either loud or soft, is wanted. 

1 Plates 30, 35. 
s Plate 30 (showing a single-headed bass drum, peculiar to Ledon 

orchestras). 
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The tabor is a double-parchment drum of varying size (but usually 

small) which can be tuned to a note fairly definite in pitch, though 
not nearly so definite as the kettledrum. It is the time-honoured 
associate of the three-holed pipe, as we have already seen; and was, 
furthermore, a virtually indispensable member of the Renaissance 
dance orchestra. In all revivals of Renaissance court dances, it should 
take its part; and it would likewise be invaluable for country dances, 
drum rhythm being desirable in the accompaniment of almost any 
dance. 

The tambourine1 is a small, flat drum open at one end, and carry­
ing tiny round metal plates, known as jingles, round its edges: it is 
struck, shaken, or rubbed with the thumb. 

IIIB: Solid percussion 

The cymbals2 are a pair of brass plates which can be clashed or 
jangled; or one may be struck or rolled on with drumsticks. They are 
normally indefinite in pitch, though cup-shaped ancient cymbals 
tuned to high notes are very occasionally used (e.g. by Debussy in 
L'Apres midi). The normal orchestral cymbals have a vibrant power 
which can add greatly to the emotional quality of an orchestral score; 
but they must be sparingly used. 

The triangle is a metal rod left open at one corner, played by being 
struck with a straight rod of the same material. A roll can also be 
executed in one of the corners. Its tone is much lighter and more 
tinkling than the cymbals; it has a comparable emotional effect, but 
in a higher register and lighter timbre. Its use must again be sparing; 
but it can make an exquisite effect in the right place. 

The tone of the triangle is a product of numerous high partials, all 
close to each other in pitch, and all of roughly equal strength. While 
it is of quite indeterminate pitch when heard alone, it always appears 
to belong to the prevailing tonality of the orchestra; for this rein­
forces the appropriate partials; while the mind itself tends to pick 
them out from the whole ringing mass, just because they are 
appropriate. 

The tuning fork is a U-shaped steel bar with a very prominent 
fundamental harmonic, which is heard almost pure, because the 
only upper partials are very high and distant, and quickly die away, 

1 Plates 6, 9. 2 Plates 6, 9. 
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140 1 d discordant while they last. Much though they are ver:1 comp exd an is true of the wooden bars of though 1ll lesser egree, . ttl the same, . k .th two beaters held like ke e-d 1 gth and pitches, struc wi grade :~ s bicb form the xylophone with its dry resonance, extra­drum soc s, w . well used. sometimes resonators are placed ordinarily effect1v~ wheh~ h case m;rimba is the more usual name, or beneath each bar, 1ll w ic 

. if the bars are of metal. marimba gongs . f h 11 w wooden clackers shaken together to Castanets are a p~ o ~ o sound. Rattles, wind-machines and produce a rhythmic i:a allg. troduced for special purposes, some­other 'effects' are occasion . y m 
. 'cally rather dubious. al umes mus1 . bas bad a fluctuating orchestr The anvil'. struck wi

th ~ b7i~r,Martin Agricola includes it in his ex.isten~. V1rdung notes .1: (:~t~~entalis deudsch, I 529), but rather list of mstruments (~iffllc ·ca1 r-~~k model Pythagoras (who was fu:nent to bis c ass1 u1~~ , A be as a comp . . . ) than from conviction. However, u r, always associated with it ' . d other operatic com-. V di Wagner, Gounod, Bizet an . d Berlioz, er , il ften a pair tuned a thir . 1 ded parts for anv s, o posers have _lllc u . fair! definite. It must be confessed that apart, the pitch bembg . y mere steel bar, unless the anvil is to orchestras tend to su sutute a 
appear visibly on the stage. . • vils and six ' Rh . Id six little anvils, six larger an In Wa~:v~s ar::~~red for, eighteen in all, though un_fo~at~ly very larg . . ually intervene to cut down this imposmg financial cons1deraoons us • the orchestra as W otan and vil gradually permea,e force. The an s h d labouring dwarfs. The orchestra h the cave of the wretc e . ffi . Loge reac b d alone with strangely moving e ect, ff d they are ear , . leaves o , an . d the anvils die away, as the gods pass on. the orchestra re-ent:rs, an . . d if the eye beheld it, although the the whole scene bemg as VlVI. as 
curtain remains ~o"'.n the while. metal bars of graded lengths and The glockenspiel is a row of held like kettledrum k . th two wooden hammers pitches, struc wi . . • with an unearthly, fairy-sticks. The tone is pure, light ancld rmgmb tg~ extraordinarily effective uali bich would soon oy, u . . land q . ty w . The itch is quite definite. There is a variety on the nght occas~on. l pf lates known as the tttbophone, and 'th l tubes m p ace o p , ) wi ste~ . (For the keyed version see Illo, p. 142. popular 10 dance music. 

PERCUSSION 
Ille: Hollow percussion 
The bell has somewhat peculiar acoustic properties. You hear two prominent partials: the strike tone, and the hum tone about one full octave below; together with a mass of moderately unstable and irregular further partials, which are much more prominent, as notes separate in pitch, than is ordinarily the case. The strike tone appears to be the fifth partial of a rather unusual series: the ear misjudging it for the octave below, and accepting it as the fundamental of the series. That the strike tone is in some sense an aural illusion is no longer doubted: the most likely explanation is that it is a perceptual effect, possibly a difference tone created subjectively by the ear from two objectively existing partials. The hum tone, which both can and should be the exact octave below, is the actual first or funda­mental partial, though English bell founders call the strike tone the fundamental, since it is the note which the ear accepts as the effective pitch of the bell, when tuned on the English principle. The best and sweetest bells are tuned, most skilfully, by removing metal from the correct places, in order to bring their partials into as harmonious a relationship as possible. Care is taken to secure uni­formity of thickness elsewhere, so as to avoid the unpleasant beats resulting from the nearly but not quite identical series of partials which accidental unevenness or 'loading' introduces. (Big Ben gives prominent beats, as every English radio owner knows; but these are due to actual cracks.) 
The most accurately tuned bells, especially in their smaller sizes, will still give a somewhat confused sound, not suitable to very general orchestral use. They are occasionally employed to good effect, the ear no doubt assisting by picking out chiefly those partials which suit the prevailing tonality (just as it does when listening to the triangle). T hey are, however, more often replaced by what are called tubular bells (hollow steel tubes of graded lengths and pitches), appar­ently in the expectation of a more strictly harmonic tone: but analysis shows that they are in fact more inharmonic. The true bell shape is the outcome of many centuries of skilled empirical crafts­manship, supported of late by scientific research; and it is certainly not to be improved upon by a simple tube.1 

One such tube of quite exceptional magnitude is sometimes used 1 By far the best available general account of the properties of bells will be found in Lloyd, The Musical Ear, iv 



to yield a bell or gong tone of great depth and resonance, at once 
noble and horrific in an orchestral ensemble. The gong (tarn-tarn) 
proper is a special variety of very shallow bell, and largely shares its 
qualities. 

Other materials may be used for bell-like or bowl-like objects of 
more or less definite pitch, such as are exploited with peculiar effec­
tiveness in the East. Glass, if thin, is highly resonant and tunable; 
pottery rather less so, but tuned pottery bowls in graded pitches 
have a subtle role in some Eastern orchestras. Musical bowls do not 
seem to have caught the Western fancy; but musical glasses, played 
not by percussion, but by the friction of the wetted finger, were all 
the rage at the end of the eighteenth century, though they would 
perhaps be regarded as an eccentricity today. 

The tone and volume of bell-like instruments can be largely con­
trolled by varying the point of percussion, the hardness of the striking 
implement, and the force of the blow. The pitch, so far as it is 
definite at all, is fixed, depending on size and weight; except that in 
markedly asymmetrical structures, it will vary with varying points of 
percussion. The beauty of tone depends not only on good tuning, 
but equally on an adequate weight of metal for the note produced. 

IIln: Keyboard percussion 

Keyboard mechanisms have been added to certain percussive instru­
ments, notably the glockenspiel: this then becomes an extremely 
versatile and agile little instrument, of a certain innocent, but, when 
well used, incredibly touching charm. When a resonator of wood is 
attached to each steel bar, the instrument is commonly called the 
celesta; it is then normally larger in size and deeper in pitch, with a 
rather fuller but still quite unearthly tone (the Silver Rose scene in 
Der Rosenkavalier is an excellent example of its beauty when well 
employed). Glockenspiel is the generic title, broadly speaking: it 
means literally 'bell-play', and the instrument used by Mozart in 
the Magic Flllte and by Handel in Saul had small bells, not bars. It 
was, in fact, a small orchestral adaptation of the carillon, or set of 
bells (often of good size) with a suitable keyboard: an instrument of 
great beauty in its own very individual fashion, of particular im­
portance on the Continent. 

The dulcitone is a series of graded tuning forks played with key­
board-operated hammers. Its excessively pure tone makes it rather 
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dull; ~ut it is cheap, it is handy, and it is always in tune: and so it is 
~omenmes used as a miniature substitute piano. A rather beautiful 
mstrume~t has also existed in which the tuning forks stood in glass 
tubes, acong as resonators. 



XIV• Electrophones 

The future of electrophones 

I have no means of formin.g an opinion as to the future of electronic 
instruments. Either composers of genius will exploit their especial 
characteristics as the means to .inspired and moving music; or they 
will fail to be thus inspired. In the former event, we shall judge these 
instruments, as usual, by their fitness to the ends pursued; in the 
latter event their case will fall by default.1 To this, however, elec­
tronic org~s form an exce:ption, since it is their remarkable achieve­
ment to imitate one of the best established of existing .instruments, 
the normal organ constructed of pipes. 

IVA: Melodic electroph1ones 

The aetlzerophone (therem.in, thereminvox, etherophone); the elec­
tronde· the trautonium; the: ondes musicales (rnartenot, ondium m.arte­
not); tlie croix sonore; the hellertion; the dynaphone; the Wurlitzer 
electronic piano: these are more or less melodic electrophones, capable 
of .infinite gradations of pitch, so that quarter-tones or any other 
desired microtones can be: obtained, for which rather dubious pur­
pose some of them were originally designed. The spherophone has a 
keyboard of more than ordinary multiplicity, with this end in vie':; 
but only melody is obtainable. The emicon bas a keyboard, but agam 
only melody is obtainable,. There are frequently means for varying 
the quality of tone. 

IVB: Keyboard electrophones 

By this I mean electronic instruments capable of harmony, which is 
the normal implication ,of a keyboard. The partiturophone is a 
development of the sphe:rophone. The Givelet-coupleux electronic 
organ, the rangertone, the: Compt01l electronic organ, the Hammond 

1 There is a good and ,informative book entitled Electronic MusiCf!l 
Instruments by S. K. Lewer, published in London at the offices of'Electr~ruc 
Engineering', to which the, reader is recomme_nded for more, detailed 
information. And there is a very readab~e ac~ount ~ Percy Schol~s s Oxford 
Companion to Music, under the headings Organ and 'J?le~trlC Musical 
Instruments'. Melville Clark recommen~ed me to a des~npuon. of a new 
musical instrument, Journ. of the Aco11St1cal Soc. of Amenca, April 1959. 
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electronic organ and the orgatran are instruments designed to cover 
electrically much the same ground as the organ proper covers by 
pipes: hence they are sometimes called pipeless organs. Of these, 
the Givelet-coupleux electronic organ, the Compton electronic organ, 
the Hammond electronic organ and certain others are by now ex­
tremely well-established instruments. 

There is also a considerable vairiety of instruments, such as the 
electric guitar, the Vierling violt'n and the neo-Bechstein piano, which 
use electrical apparatus, not to produce sound, but to amplify and 
modify sound produced mechanic:ally by more or less traditional 
methods. Similar amplification is sometimes used when playing the 

Fig. 26. Hammond electronic tone generator 

clavichord in public, to carry its widle but quiet range of volume to a 
larger audience than is otherwise foasible. Electric amplification to 
fill large spaces or to overcome faulty acoustics is, of course, a fairly 
common recourse. 

The Hammond electronic organ. In the Hammond electronic organ, 
the tone is generated magnetically. A number of metal wheels,bumpy 
in shape, revolve at different but constant speeds, so that the bumps 
of each approach a permanent (but wound) magnet the requisite 
number of times per second to induce an electric impulse of the 
frequency of the note required. When a note is wanted, this impulse 
is admitted to the amplifying circuit by a contact resulting from 
pressing the appropriate key. The k<:yboards are normal. 

Tone colour is controlled by innroducing in variable strength a 
I.O.M.-F 

, 
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selection from a choice oJf eight further tones from the harmonic 
series. Their generators are: not additional, but 'borrowed' from other 
notes of the keyboard; he:nce they are all, unlike true harmonics, 
tuned to equal temperament (see Appendix IV). Within the limits 
imposed by this slightly inh~onic te~pering and by the. com­
paratively restricted range of parttals provtded, an excellent variety of 
tone-colourings can be compounded, and the instrument has by 
now reached a high degrei~ of complexity and satisfactoriness. 

The Compton electronic organ. The Compton electronic organ is a 
still subtler and more remarkable electrophonic imitation of the pipe 
organ. Here the tone is ge:nerated electrostatically. You have a num­
ber of fixed non-conducting disks, coated in electrically charged 
metal except where scored by insulating circles plain and wa~. 
Each wavy circle represents the integrated curve of a harmoruc 
series which can not only be calculated in just tuning instead of ' . . . 
being tempered, but can include a range of harmorucs varying, m 
principle, from zero to the limits of its maker's skill in integrating 
exceedingly compound cuLIVes. 

Each charged and stationary disk is 'scanned' by a suitably corru­
gated metal-faced disk re:volving at a speed designed to pick u~ a 
series of electric potentials from the different segments of the disk 
which it scans, at the frequencies of the notes required. Notes are 
admitted to the amplifyi.t1g circuit, as in the Hammond organ, by 
normal keyboards. A pair of disks is shown in Plate 37. 

Tone colour is already iincorporated in the shapes of the stationary 
rings, the width of which at any point deter~cs the degree_ of 
potential picked up by tlb.e revolving corrugations of the scanning 
disk. As with any other organ (including the Hammond organ) the 
tone-colourings required are controlled by stops. 

On the Hammond it is also possible to compound individual tone 
colourings by graded drawbars; but the total choi~e, though ~ense 
in theory is limited in practice, since no barmoruc above the eighth 
is available. The Compti;,n organ already employs the first thirty­
two harmonics, and it is hoped to carry the series to the first 164 

harmonics at a later stage. 
The range of subsidiairy devices incorporated is also somewhat 

greater than in the Hammond organ, and in<:1udes a particul~rly 
valuable mechanism for iimitating the far from instantaneous build­
up and die away of normal organ tone. 
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The fidelity with which the nc,rmal organ is imitated in all its 
immense variety and beauty by 1the Compton electronic organ is 
remarkable, and since its inventor,. Mr Leslie Bourn, is still suffici­
ently dissatisfied to be continually improving his astonishing, com­
plex, yet basically simple instrument, this result augurs well for the 
future, not necessarily of all electJronic instruments, but at least of 
the best and most musical among ithem. 

Can music do without the performer? 

All the electrophones so far menti,oned are instruments of music in 
the commonly understood sense of requiring a performer as inter­
mediary. There are also, however,, new methods of sound-produc­
tion which do not require this intermediary, but pass from composer 
to listener solely through electrical apparatus. 

Musique concrete may consist of an assortment of sounds some or 
all of which were not produced with musical intention, but as casual 
noises of the everyday world. It iis the assortment itself which is 
produced with musical intention. ,!Vhen such an assortment is com­
bined as a recording on tape, this tape may be reproduced in an 
auditorium, and the occasion may be called a performance, but no 
performer has entered into the process at any stage. Deliberate noises 
have always played a part in musk, since many percussion instru­
ments produce noise rather than tone. Casual noises are another 
matter, and the idea of borrowing them to form elements in a musical 
composition, though it does not exactly lead nowhere, does not lead 
very far, and is already (1962) probably on the way out. 

Electronic music in the strict sense consists of compositions whose 
elements have been fed directly on to a tape in the form of electrical 
impulses. By mathematical calculation, these impulses can be made 
to include any desired harmonic co.CLtent, distributed in any volumes, 
at any speed, over any durations, in any rhythms, subject to any 
articulation and any steepness of attack and decay. The tape is 
reproduced in the usual way; theire is no performer. (There are, 
however, mixed forms in which both tapes and performers operate 
in conjunction.) 

Musical images are symbols which convey inner experiences. In 
theory, they can be as well produiced electronically as otherwise; 
and I can see the fascination of searching for new acoustic contents. 
Yet most of these seem only variants on what our conventional 
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instruments already cover with extraordinary satisfactoriness in most 
respects. And in practice it is a mistake to go too far in favouring 
mechanical factors at the expense of the human factor. There were 
people at first who thought that photography would take the place 
of painting. They were very wrong. 

In musical performance, the performers are literally present to us, 
in the same room and at the same time. We react on one another: 
our receptiveness warms them, or our indifference chills them; they 
need and sense our cooperation as active recipients. We are enjoying 
not only music but a human relationship. This relationship, which 
is mutual as all relationships are, disappears when the performance 
is heard only as a reproduction. We no longer share: we can no 
longer give out; we can only take in, passively. 

It is mainly for this reason that not even the highest of Hi-fi is a 
substitute for live performance. Electronic music carries the principle 
of Hi-fi to its logical conclusion, and is in keeping with a certain 
flight from emotional reality into cunning machinery which is some­
what characteristic of our age. So many of our best minds seem 
afraid to know that they have inner experiences which previous ages 
put into the category of spirit, as well as outer experiences of the 
material realities which it is the function of science to measure and 
explain. But there are always these two sides to a human personality. 
We look outwards and we look inwards. Music is one of the means 
by which we look inwards; and the more the machinery pushes out 
the man, the less the music can fulfil its complementary function of 
showing us what our inner reality is like. 

PART FOUR 

I NSTR UMENT S IN CON SORT 

XV- Chamber Music 

Which instruments are suited for solo music 

Keyboard instruments like the clavichord, the harpsichord, the piano 
and the or~an, because they can play so easily in full harmony, are as 
mu.eh solo rnstruments as they are consort instruments (a 'consort' is 
simply the good old English word for any grouping of instruments 
playing together in a united ensemble). Indeed, the clavichord with 
its 1tiny voice, is of very limited use for consort purposes. Hence' these 
inst:ruments, whatever their other uses, each possesses an extensive 
ancil magnifice?t literature of solo music both superficial and pro­
found; both sunple and ambitious; both brilliant and expressive. 

Some plucked instruments, of which the lute is the foremost are 
equally suited to play solo music unaccompanied: the solo liter;ture 
of the lute is largely unexplored, but much of it is known to be of 
the finest. Bowed instruments are occasionally used as instruments 
of foll harmony, without accompaniment : J. S. Bach's famous and 
difliicult Suites for Unaccompanied Violin are the most extreme 
exaimples. But this is forcing the nature of most bowed instruments, 
and only successful as a rare tour de force. 

However, instruments whose natural bent is melody rather than 
~annony_can play unaccompanied music provided that this is genu­
rnely designed to be heard as unharmonized melody. 

Oi~ 1!1e whole, music o~ this latter kind has not been written by 
sopl11sncate~ composers 10 our Western tradition, for the simple 
reason _that if y_ou are accustomed to write music based on harmony, 
you will find 1t very nearly impossible to write melody which is 
genuinely free from all suggestion of harmony. Your melody tends 
to suggest harmonies by implication, even though they are not 
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played : for the shapes of our Western melodies are so influenced by 
the sort of progressions (sequences of chords) which would ordin­
arily accompany them, that we have lost the art of writing melodies 
which do not suggest some sort of chord progressions to the inner 
ear, and make us miss them if they are not played. The only sophisti­
cated composers of the modern West who make their melodies 
genuinely independent of harmony are Arnold Schonberg and those 
who follow him in using his twelve-tone technique. 

But composers who have never been in the habit of employing 
harmony at all are not at this disadvantage in creating melody which 
is absolutely complete in itself, without a hint of implied harmonies. 
The great Eastern traditions are primarily melodic: in fact, they 
carry the art of melody to its subtlest extremes by using minuter 
intervals than those which can be intelligibly combined in chords. 

In the West, the great body of purely independent melody is folk 
music, hardly any of which, at least in its early periods, is pervaded 
by a sense of harmony. It is often possible, with humility and skill, 
to find harmonies which will accord satisfactorily and not incon­
gruously with a European folk song or dance tune. But you never 
miss an accompaniment when your real folk singer or piper or fiddler 
is rendering the tune as it was meant to be rendered, by itself. And, 
of course, almost any instrument of melody lends itself admirably 
to such solo music as this, provided only that you know the true and 
authentic style in which to render it. 

Accompanied solos 
There is another class of music illogically but quite understandably 
spoken of as solo music. This is music in which one melodic instru­
ment (voice; violin, viola or violoncello; treble or bass viol; recorder; 
flute; oboe; clarinet; horn; or what you will) has most of the interest, 
while another instrument fills in the harmony with an accompani­
ment of subsidiary interest. 

This category ranges from quite simple songs depending for their 
beauty almost entirely on their expressive melody, to very_ ornate 
displays of virtuosity on the violin, the viola da gamba or some other 
instrument capable of dazzling feats of technique. The pianist may 
display his virtuosity unaccompanied; the violinist ordinarily requisi­
tions a discreet accompanist: that is the only difference between 
what is in either case essentially a one-man display. 
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But whenever the partners share the musical interest on a more 
equal footing, it becomes misleading to speak of solo and accompani­
ment. Thus this class of accompanied solos very quickly merges into 
the next class of chamber-music partnerships. For even an accom­
paniment whose function is entirely subsidiary needs to be given a 
reasonably satisfactory musical shape, however simple. And the more 
complete in itself the accompaniment becomes, the more nearly it is 
likely to approach the leading melody in interest. 

Chamber partnerships 

When all concerned have parts of roughly equal interest, two broad 
methods, or a combination of them, are possible. You can give each 
performer the same melodic themes to interweave in turn after the 
fugal manner (not by any means necessarily in the actual musical 
form called fugue). Or you can give one performer a melody of his 
own, and the other performer or performers more fragmentary 
figures, or perhaps an equally tuneful melody, but not the same 
melody (which does not by any means preclude their taking the chief 
melody tum and tum about). Or you may use both methods in 
different parts of your composition. And, indeed, the distinction 
itself is not a rigid one: there are countless border-line cases. 

But broadly speaking: while all concerned are simultaneously 
playing tuneful melodies, which combine together to form the 
harmonies, your music is of the kind called contrapuntal. While one 
player has a tuneful melody, but the others have, at least for the time 
being, more fragmentary figures, or simply chords, your music is 
not of the kind called contrapuntal. And between these two extremes, 
the more you give your players tuneful melodies at the same time, 
the more contrapuntal your music is: for counterpoint is a matter 
of degree. 

Now the degree of counterpoint to which a composer is addicted 
will depend on his traditions and predilections. But the question is 
also bound up with the instruments for which he writes: for, although 
their limitations are very elastic, and can cater for an immense 
variety of needs, different instruments do lend themselves most 
naturally to different styles of treatment. 

What instruments best suit what styles of music 

We have already considered the reasons for some of these differences. 
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We saw, for example, how the clavichord and the harpsichord have 
both a sufficiently transparent tone to make contrapuntal music, 
woven of several strands of melody at once, sound clear and easy to 
follow: though the clavichord is on the whole more suited to tender 
and expressive moods; the big harpsichord to brilliant and bravura 
moods; while the little harpsichord or virginals stands midway in this 
respect. The piano excels in rather different directions: it has its 
expressive and its bravura aspects; but it is markedly inferior in 
sounding contrapuntal music translucently. It is, perhaps, at its best 
in romantic situations calling for dramatic contrasts and a rich and 
rounded surge of tone, in which it is all the better for the finer details 
of the inner parts not to stand out too clearly. 

And naturally, the qualities most proper to these instruments in 
their solo music likewise influence their most characteristic treat­
ment as instruments of accompaniment. Harpsichord accompani­
ments are often very contrapuntal: for example, Bach's sonatas for 
viola da gamba and harpsichord, or for violin and harpsichord, are 
really trios, in which the bowed instrument plays one thread of 
melody; while each hand of the harpsichordist simultaneously plays 
another thread; and the three systematically interchange their 
melodies from time to time. This is real chamber music in the fullest 

sense. 
Piano accompaniments are less apt to weave independent melodic 

strands, and more apt to use short, rhythmical figures, full chords, 
chords broken up into arpeggios up and down the keyboard, or into 
other, more tuneful figures: and many characteristically 'pianistic' 
effects. (But 'broken chords' are also very telling on the harpsichord.) 
I do not necessarily mean that such piano parts are less independent: 
in a sense, indeed, they are more independent; they may use quite 
separate material, instead of exchanging the same material in turns. 
Many of the finest songs are written on this pattern. Violin sonatas 
are more usually so designed that the violin and the piano have each 
the main tunes by turns: but only comparatively subsidiary and 
fragmentary material (largely broken chords) when it is the other's 
turn. This, of course, is quite a different pattern from the threefold 
melody of the Bach sonatas: but it is just as genuine a chamber 
partnership, since neither partner monopolizes the interest. 

The lute, again, both as a solo and as an accompanying instrument, 
has its own special brand of sketchy but expressive counterpoint 
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and full but delicately ringing chords. The viols suggest a more 
contrapuntal style than the string quartet of violins. And so through 
the whole range of diverse instruments: each has its special features, 
which include both its virtues and the defects of those virtues. 

Good composers have always known how to exploit to the best 
effect the peculiar virtues of the instruments for which they write: 
and to a very substantial extent their style is modified to fit them. 
This is no slavery: it is mere common-sense co-operation. When the 
composer conceives a different effect, he does not try to force it on 
the instrument (though sometimes he may see possibilities in it that 
others had not thought of); he uses another instrument: or if no 
suitable instrument exists, he harries the instrument-makers, as 
Wagner did, to evolve one suited to his novel purpose. Changes in 
instruments and changes in musical idiom go hand in hand: some­
times the one leading, sometimes the other; and both profoundly 
influenced by the changing climate of the age itself. 

What instruments sound best together in chamber music 

We have already noted in passing that the same chord may sound 
smoother on some instruments, and harsher on others: the cause 
being that concordance and discordance depend on the degree of 
beating among the high harmonics; which in turn vary in strength 
on various instruments. Our use of 'tempered' intervals in place of 
acoustically just intervals (for necessary reasons, discussed in Appen­
dix IV) makes this problem still more acute, especially on the organ, 
where you can produce the most fiendish racket of beating high 
harmonicsfrom a very moderate progression of chords, by injudicious 
indulgence in your mixture stops, heavy tuba stops and the like. 

On the whole, the smoothest and purest effects are produced by 
keeping your instruments in single families: thus, the same chord is 
likely to sound harsher when played by mixed brass and wood-wind 
than when played by one or other group alone. 

That is perhaps why the most intimate of all chamber music has 
always been written either for a single instrument such as the lute, 
the clavichord, the harpsichord or the piano; or else for a single com­
plete family, such as the consort of viols or the string quartet of 
violins. And there is no doubt that such severely limited means do 
afford an austere beauty of tone and an u.ndistracted inwardness of 
expression which no other form of music can rival. Indeed, there are 
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no sounds more lovely, even sensually: but, of course, their variety 
and range of contrast are inherently restricted. That is their very 
appeal: but there is another kind of appeal, likewise very strong, in 
the almost infinite variety of tone-colouring to be effected by com­
bining instruments of different families. And in this lies endless art. 

Some Consorts of lnstrume11ts [remarked Francis Bacon in 1626] 
are sweeter than others; (A thing not sufficiently yet observed:) 
As the Irish Harp, and Base Viall agree well: The Recorder and 
Stringed Musick agree well: Organs and the Voice agree well, &c. 
But the Virginalls and the Lute; Or the Welch-Harp; and the 
Irish-Harp; or the Voice and Pipes alone, agree not so well; But 
for the Melioratia11 of Musick there is yet much left (in this Point 
of Exquisite Consorts) to try and enquire.1 

Much has been 'tried and enquired', both successfully and un­
successfully, since this passage was written, in the Golden Age of 
English music. Many combinations have been written for with 
excellent effect on special occasions; others have become standard 
groupings, the vehicle of very diverse styles of music. 

When a composer writes for some small group of instruments 
which do not form a standard combination, he probably does so 
either because on some particular occasion or occasions precisely 
that selection of instrumentalists happens to be available for his 
use; or because he conceives the notion of trying out the particular 
potentialities of some one instrument in such a setting; or beca~se 
he has some music in his mind for which the most expressive 
medium strikes him as being just that one unusual combination, and 
none other. 

Bach's Braden burg Concertos are a fair instance of the first case: 
which does not imply that they are in any way less exactly and 
imaginatively scored to suit the instruments in question than they 
would have been if an unlimited choice had been available. Brahms's 
Trio for Horn, Violin and Piano illustrates the second class: the 
composer, a horn player himself in his youth, retained an especial 
affection for the instrument, and composed this lovely work to ex­
ploit its most characteristic effects (incidentally, he insisted on a 

1 Sylva Sy lvarum, Cent. Ill, No. 278. Cited from ed. of r658 (rst ed. 
r626). 
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natural horn, considering that the valve horn relieved the player not 
only of many special difficulties but also, unless he were unusually 
conscientious and imaginative, of many of the special beauties 
associated with them). The third case might be exemplified by 
Schubert's pastoral song, 'Der Hirt auf dem Felsen', with an 
obbligato part for the clarinet, which is quite indispensable to the 
whole mood and texture of the piece. But in not one of these examples 
should the music be considered apart from the special characteristics 
of the instruments for which it is designed. 

Of the standard combinations, only the most familiar can be in­
stanced here. Many of them are based on the piano: voice with piano, 
violin with piano, and so forth. Now the piano is never the instru­
ment to blend imperceptibly with other qualities of tone, and least 
of all with highly colourful tones like the voice or the violin. This is 
not necessarily a defect: but it is an unavoidable feature for the com­
poser to take into account. The piano can either take its own way 
on a footing of equality, or it can fall unobtrusively into the back­
ground: it cannot merge with its companion as if into one single 
instrument. 

Hence it is that so many chamber works in which the piano is 
more than a mere servant have an air of friendly rivalry rather than 
reposeful team-work. This is less noticeable with the voice than ,vith 
the violin, but never wholly absent. If anything it is still more con­
spicuous when a string trio or quartet joins with the piano: these are 
forms in which great care is needed to prevent friendly rivalry from 
degenerating into open conflict. But as so often, the very difficulties 
can lead to peculiarly strong and satisfying results when their 
divergencies are sensitively reconciled. 

Both the lute, in its quiet way, and the harpsichord, after its more 
brilliant fashion, are unusually good mixers. Although the lute has 
a much sharper attack than the voice, these two make a beautifully 
matched combination of tone qualities (but the singer must produce 
an appropriately pure and unforced tone, and the lutenist must be 
capable of a really full and singing tone). The harpsichord will also 
enter into a not very much less intimate union with the voice: while 
its capacity for merging with the bowed strings, whether viols or 
violins, is more remarkable still. The bass viol with the harpsichord 
and the violin with the harpsichord offer two of the most natural 
and pleasing blends available. Harpsichord and violin music possesses 
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quite a different atmosphere~ from piano and violin music: the one a 
fusion of closely united partners, the other a balance of strongly 
contrasted partners. 

Unmixed families in chamber music 

Of the unmixed families used in chamber music, the chief at present 
is the string quartet of violins (violin I, violin II, viola, violoncello). 
The very fact that, as we :saw, this ensemble lacks one previously 
normal member of the violiJO family, to wit the tenor violin, gives it a 
peculiar quality of brilliancl:!: for the three upper instruments are all 
grouped together in a comparatively high register, upon a bass 
which stands considerably liower; and when chords are spaced in this 
fashion, they are likely to produce a brilliant effect. 

Of course, closer spacings are physicaUy possible on these four 
instruments: but this is a less natural use of them, and less in 
evidence in well-written s:tring quartets (note, by the way, that 
'quartet' can refer either to the instruments or to the music- or 
even to the players). Indeed~ the loss of the tenor violin was probably 
the result of pursuing this particular effect of brilliance. The period, 
too, at which the tenor violin dropped out was, on the whole, one of a 
decreasing complexity in part-writing. It is much more probable 
that the tenor violin was forgotten because for a time composers had 
no use for it, than that composers could not use it because it had 
mysteriously lapsed. 

The string quartet as it actually settled down (two violins, viola 
and violoncello) is in every respect a satisfactory combination of 
instruments for intimate chamber music. This does not mean that 
it covers every possible vadety of string sonority; the combination 
of viols next to be described has different qualities, and for its own 
particular kind of scoring is actually superior to the violin quartet. 
In a more general sense, the violin quartet is superior to the consort 
of viols, since it is more v1~rsatile. But the two sonorities are each 
superbly beautiful in its ovvn kind. 

The sonority of the strfog quartet happens to be my personal 
favourite among all the many diverse and glorious sounds of music. 
It has a certain chasteness, so that it never oversates the listener, yet 
it is rich enough, too, to be endlessly satisfying. For all its restraint, 
it is deliciously sensuous. It is equally capable of warmth and of 
coolness, of brilliance and of contemplation, of passion and of serenity, 
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or better still of a fusion of these natural opposites into a unity 
which transcends them, as in th,e last five quartets of Beethoven. 

Before the rise of the string quartet of violins in its present form, 
a comparable role was taken by the consort of viols, which, after a 
silence of more than two centu1ries, is now being heard again for 
the sake of the fine and serious music (particularly the early seven­
teenth-century English music) composed for it. This family, as we 
saw, was not lacking in any norD!lal member; and its most character­
istic music is not spaced uneveittly, with three high instruments to 
one low one, as in the violin q1uartet. Hence it does not share the 
peculiar brilliance which this feature lends: the lower registers tend 
to be as well filled out as the upper ones. 

The rather sharper and clearer tone of the viols is not only, as we 
have seen, an asset in making contrapuntal melodies in the inner 
parts easier to follow: it has also the effect of making the lower 
intervals in an evenly spaced chord somewhat brighter. There is less 
risk of their sounding thick and muddy. 

Again, the viol consort at the best periods, though it might range 
from two to seven in number, was at its most standard a group, not 
of four instruments like the violin quartet, but of five. And of these 
five, much the most normal arrangement was to include two treble 
viols, whose parts often cross and recross until it is an open question 
which is Treble I and which is Treble II. This effect is also one of 
extraordinary brilliance, though for different reasons and in a differ­
ent way. 

Both the consort of viols and the quartet of violins make, in addi­
tion, a wonderful setting for a solo voice: the former matching it 
more closely, so that voice and viols can pursue their own contra­
puntal melodies in equal partnership; the latter standing rather more 
apart from the vocal line. 

A very pleasant and effective grouping on the borders of chamber 
music consists of a small orchest:ra of violins in all sizes : what we call 
a string orchestra, or sometimes, more loosely, a chamber orchestra 
(a term which may, however, ,cover a small orchestra including a 
sprinkling of wind instrumenti,). Besides first and second violins, 
violas and violoncellos, the string orchestra originally included tenor 
violins; and it has always inc:luded one or more double basses 
(originally, as we have seen, true violones). The number of players 
to each part should not be very large, or the chamber-music quality 
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is speedily destroyed. The family of viols has never been used in this 

way as a standard form, though viols took their share in many of the 

highly various and colourful small 'occasional' orchestras of the 

Renaissance centuries, along with lutes, keyboard instruments, and 

wind instruments of every species. 
The remaining chamber family of prime importance is the human 

voice itself, in all its registers. T his is heard at its purest when there 

is a single singer to each part (for example, soprano, alto, tenor, bass), 

just as there is a single player to each part in a viol consort or a violin 

quartet. When the singers are as good and as well practised in the 

subtle art of keeping perfectly together in time, style and expression, 

the result is the ideal means of rendering the finest madrigals and 

other music for this combination. But it is also quite legitimate to 

use two, three or four singers to each part, or (though this needs a 

judicious touch) to back the voices with instruments playing the 

same parts in unison (viols, recorders, cometts and other instruments 

were not uncommonly thus used in the heyday of vocal counterpoint). 

For sacred music intended for cathedral, church, or even private 

chapel, a rather different vocal group is commonly intended, in 

which the upper parts are sung by boy sopranos, and adult male altos 

using their 'falsetto' register in the manner already described. The 

effect is not radically different: but it is quite distinct, being some­

what cooler, less human, more withdrawn from the emotions of this 

world: I would have written, more dispassionate, but for the fact 

that religion has its own deeper passions, to which this intense but 

W1worldly a cappella (chapel-style) vocal tone is singularly apt. 

As with the madrigals, or those sacred motets for mixed voices of 

either sex designed less for church or chapel than for domestic piety 

and pleasure, the singers, once again, must not be too numerous if 

they are not to pass from the intimacy proper to chamber music into 

the robuster atmosphere of the concert hall. 

XVI- Public Music 

Public music. broadly distinct from chamber music 

There is, of course, no rigid distinction between chamber music and 

what, for want of a better word, we may call public music (chamber 

music is often heard in public, but, on the whole, is not primarily 

designed for that use). To a considerable extent, the same instru­

ments serve either purpose. Yet there is no mistaking the difference 

in mood and manner between a typical string quartet and a typical 

symphony. (Chamber music is mainly 'one to a part'.) 

In the former case, there is something comparable to the philo­

sopher's passionate and unswerving devotion to ultimate truth, 

setting aside all inessentials, and single-mindedly aspiring to reach 

the simple heart of the matter if he can. I do not mean that the 

composer of chamber music will despise the graces of his art: on 

the contrary, every tum of phrase that can add to the sheer beauty 

of his work will be lovingly exploited. But the beauty aimed at will 
be of that quiet, inward kind which Keats must have had in mind 

when he avowed that 'beauty is truth, truth beauty': a remarkable 

saying, of which I should not care to be pressed for the exact mean­

ing, but which is certainly not to be dismissed as mere poetic vapour­

ing: for up to a point, one's feelings when confronted with a glimpse 

of philosophic truth and with the beauties of Beethoven's post­

humous quartets are strangely similar. 
In the case of public music, the trappings of outward splendour 

and display take a much larger share. It is in the very nature of music 

intended primarily for public performance to include an element 

of bravura. This does not imply any lack of sincerity: it is simply 

that striking effects are on the whole more appropriate than reticence. 

The music may be just as thoughtful, but the thought is likely to be 

conceived on broader lines. That is why the instruments chosen to 

convey it are normally the richest and most colourful combinations 

obtainable. And conversely, if you choose to employ the wealth and 

variety of a full symphonic orchestra, you will not ordinarily write 

for it in the same pure lines and restricted colourings which are 

offered by the string quartet: you will make the most of the dramatic 
r59 
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contrasts and excitements peculiar to large-scale orchestral music. 
You will make good use of all your available instruments severally, 
and at least to some extent jointly. 

It is important to bear this general difference between the func­
tions of chamber music and public music in mind, even though the 
two merge together at their nearer boundaries, so that some works 
scored for full orchestra nevertheless possess a flavour reminiscent 
of chamber music, while many works for the solo piano, and many 
piano trios, quartets and quintets, are conceived in vinually sym­
phonic terms. Half the secret of good instrumentation simply lies in 
choosing the truly appropriate instruments for your mood and pur­
pose; the other half lies in the skill to use them to their own best 
effect, letting their special character and the character of the parts 
you write for them react upon each other as you proceed. For each 
phrase as you conceive it you will select the instrument best fitted to 
express it; for each instrument you choose to bring in you will mould 
your phrase to make the most of it. The two aspects cannot properly 
be conceived apart from one another. 

The symphonic orchestra and the wind and brass bands 
Roughly speaking, the symphonic orchestra is a development of the 
past two hundred years. There were many admirable orchestras of 
much earlier dates: but they were not symphonic orchestras; they 
were occasional orchestras - assembled for a given occasion, or at 
most a given locality; and they were based on no standard pattern. 

What we should call the orchestras of the Renaissance centuries 
were what an Elizabethan would have called 'broken consorts', by 
which he meant any grouping of instruments not all of one kind 
('whole consort'), but of diverse kinds together. Many of them were 
in effect chamber orchestras with a kernel of bowed strings (both 
viols and violins), an often very strong contingent of wind instru­
ments (flutes, recorders, cometts, shawms, trumpets, trombones and 
others), frequently an equally remarkable array of plucked lutes and 
harpsichords, probably a drum (certainly if dance music was in 
question): but the whole subject to wide variation as taste or oppor­
tunity dictated. This does not by any means imply that they were 
casual assortments: all the evidence goes to suggest that the taste 
which assembled them was both imaginative and sensitive, and that 
the opportunity was often highly prodigal. Many such groupings 
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were assembled on a scale and conceived in a spirit which were no 
longer of the chamber, and might very loosely be termed symphonic, 
so long as we remember that while they were imaginatively and 
sensitively exploited, they were not systematically exploited. Rena: 
it is that the best word for them, without disparagement, is 'occa­
sional' orchestras. 

During the seventeenth and eighteenth centuries, a substantially 
standard orchestra evolved, based on a strong and regular contingent 
from the violin family. The wind department was much less stable; 
but from the late seventeenth century onwards, flutes, oboes, 
bassoons, trumpets and one or two others might normally be present, 
as well as a keyboard instrument (usually a harpsichord, or when 
suitable an organ, or both) and drums. The orchestra was more 
often led by the first violinist or the harpsichordist or both than by a 
conductor beating time with a baton or a roll of music-paper. The 
average numbers were much fewer than in our present symphonic 
orchestras: perhaps some twenty to thirty, as opposed to some sixty 
to a hundred or more. But what still chiefly presents our regarding 
them as symphonic orchestras in the modem sense is not their size, 
but the manner in which they were used. 

The commonest rule (it was not, of course, invariable) was to 
write long passages, or even whole movements, in one instrumental 
colouring or blend of colourings: then to change to some other 
colouring for a contrasted effect. But that is the exact opposite of 
the typical symphonic method evolved during the past century and 
a half or thereabouts. There are, in this method, occasions for con­
tinuing a fairly lengthy passage with the instrumental colouring un­
changed; but they are exceptional. In the ordinary way, the blend of 
instruments is changing continually. Even a single chord may require 
a special shading or distribution of emphasis: and much will depend 
on which instruments you cause to play each several note of it. Or 
half a phrase may be given to one group; the other half which bal­
ances it may be passed to a different group. In such ways a subtle 
nuance is imparted to each thread in the whole shimmering network. 
This art of systematic orchestration for its own sake, which has been 
carried to the utmost finesse by recent generations of composers, is 
an essential clement in what we call symphonic composition; and 
unlike most basic musical resources, it is a fairly new development. 

The modem orchestra, like the eighteenth-century orchestra, has 
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a solid foundation prov:ided by the violin family, which varies only 
in the number of players: allotted to each part. Flutes, oboes, clarinets 
and bassoons; trumpets, trombones, horns and tubas; kettledrums: 
these are all equally staI1dard members; while further wind and per­
cussion instruments, h:arps, etc., are, up to a point, regarded as 
reasonable requests. The one regular eighteenth-century instrument 
to vanish is the keyboard instrument: otherwise, the modem sym­
phonic orchestra is notbling but a greatly expanded and systemati~d 
eighteenth-century orchestra, differing chiefly in the manner of its 
use, and in being now almost invariably controlled by a conductor, 
on whom falls primary iresponsibility for interpreting the composer's 
wishes with fidelity and imagination. 

Besides the symphonic orchestra, there are other combinations 
in regular modern use. These are the brass and wind (military) bands. 
As their names imply, 1they are based not, like the orchestra, on the 
violin family, but on brass instruments of different kinds, with which 
may be mixed a larger or smaller number of other wind instruments 
from the reed and flute~ groups. The result, particularly where the 
brass is quite unalloyed with other, wood tones, is of an extra­
ordinarily silky mellow:ness and power. On tile whole, this magnifi­
cent musical resource :has not been very significantly exploited, at 
least in modern times. Wind bands tend to reject music specially 
composed, in favour of transcriptions; and composers have mostly, 
in turn, neglected the opportunity they offer. When, however, such 
a genius as Vaughan Williams uses brass as he did in his share of the 
celebrated Abinger Pageant, the result is novel, colourful, and 
moving in the extreme, besides being uniquely suited to the open 

air. 

Concertos of solo an,d orchestra 
The symphonic orche:stra is not only heard alone, but in various 
further combinations. 

Some of these take the form of conce.rtos. It was an eighteenth­
century practice, under the name of concerto, to alternate passages 
for a string orchestra with passages played only by the leading two 
violins and viola da g;a.mba or violoncello; a beautiful effect, but 
rather different from our present type of concerto, which was, how­
ever, more nearly apprc)ached in other cases, as, for example, in some 
of Bach's Brandenburg Concertos; or his incredibly glittering Con-
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certo for four harpsichords based on a four-violin concerto by 
Vivaldi; or his romantic Concerto for two violins. 

Our present type of concerto was becoming standardized in the 
period of Haydn and Mozart. Here, a normal symphonic orchestra 
is joined with one or more definitely solo instruments, whose role 
it is to display a high degree of virtuosity. At times the soloist may 
be silent, and at certain conventional points the orchestra may leave 
the field to the soloist alone for a culminating display ( originally 
improvised), termed a cadenza. But for the most part the two 
partners do not alternate, but ,combine. The main themes w:il1 be 
heard sometimes from the orchestra and sometimes from the soloist; 
but there are certain to be long and important passages in which the 
latter is engaged in weaving an intricate web of ornamentation and 
variation over a plainer stateme:ot by the orchestra. 

It is clear that some instruments are much better suited than 
others for this bravura role: alnd much the most customary are 
either the violin or the piano. The result in these two cases is rather 
different. A solo violin is like a member of the orchestra itself, pro­
moted to a virtuoso status, and set off against its fellows, without 
losing its close kinship with them. What the orchestra sounds 
broadly, the solo violin echoes or embroiders in its own fine and 
subtle tones. The partners are complementary, blending naturally 
with one another. 

But a piano is not a normal o,rchestral instrument: it is quite dis­
tinct from any such, even from its nearest orchestral relative, the 
harp. As we have already seen, 1it is not of a nature to blend readily 
with other instruments. Introducing the piano as your solo instru­
ment is like inviting a distinguished guest to rule your ceremonies 
for the occasion. The partnership, though it can be remarkably 
effective, will have rather more friendly rivalry about it, and rather 
less of a purely family character. There may even be times when the 
rivalry does not seem particularly friendly; concertos such as have 
been facetiously styled less for 'P'iano with Orchestra' than for 'Piano 
against Orchestra'. Eve.n such a contest may have its exhilarating 
qualities; but as a whole the proper ideal for a concerto is partnership, 
not competition. 

Concertos for other instruments afford opportunities of various 
kinds. The violoncello makes a very rich and mellow soloist: the 
harpsichord a very sparkling one. No instrument which is suitable 
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for a bravura solo role at all is an impossible soloist for a concerto: 
but some require a more tactful setting than others, and only those 
with a certain aggressiveness in their disposition and a certain volume 
of tone at their disposal can hold their own with a full symphonic 
orchestra freely handled. 

Opera and symphonic song 

The human voice and the orchestra combine in a number of import­
ant ways. Some of these involve one or more solo voices, others 
employ a large choir, and others again may make use ~f both. 

When a large choir is composed for, it is customary m our present 
tradition, though by no means invariable, to support it with an 
independent part for a symphonic orchestra. In such a case, the 
choir will normally be given (just as it is when singing alone) com­
paratively broad melodies and straightfo~ard harmonies o~ the kind 
which it can most effectively perform, while the orchestra 1s allotted 
whatever :finesse and elaboration is required. Where there are also 
solo singers, they can be given far more virtuoso parts. 

An opera is a combination of these resources with a drama con­
ducted through the words and actions of the singers. The first operas 
(early seventeenth century) were an attempt to ~ve the most f~thful 
possible musical expression to the words and actton. Thus the singers 
were given very little formal melody, and a great deal of tuneful 
declamation closely fitted to the rhythms and inflections of the speak­
voice. But later in the seventeenth century this original ideal was 
obscured by a desire to exploit what may be called the instrumental 
qualities of a perfectly trained voice singing very ornate and formal 
melody indeed, until many operas became little more than stage 
concerts in costume, with a somewhat disjointed plot to justify the 
scenery. Not that this plot was necessarily lacking in dignity and 
effect: but no one doubted that it was the star singers who were the 
centres of attraction. 

There has since been a partial revolt against this conception : a 
revolt of which Gluck was one of the most conspicuous pioneers, in 
the eighteenth century, and Wagner, in the nineteenth, the final 
engineer. Wagnerian opera is, from one aspect, a revival of the earliest 
operatic ideal of an informal fl~w of declamato?' mel~dy closel_y 
expressive of the words and act1on. But Wagner s solutton to this 
difficult problem, though not more expressive than Monteverdi's, is 
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:~uch richer and more elaborate, being, in fact, the very apex of 
10Jneteenth-century romantic art. 

Wagner never abuses the vocal resources which his novel demands 
did so much to develop in new directions; nor, unless improperly 
conducted, does he bury his singers with an overload of orchestral 
~tccompaniment_: but he causes them to share much more intimately 
m a closely knit orchestral texture than had previously been at­
tempted. He thereby made opera symphonic in our modem sense 
a1I1d in doing so evolved new uses for the solo voice. A choir or choru; 
has also still a share in the developed Wagnerian opera, though a 
much less prominent and artificial one than in some other operatic 
styles. 

Or~hestral song is very close to opera. Beethoven, besides writing 
one m~ensely moving opera (Fidelio), brought solo singers and 
c.horus mto the last movement of his Ninth and last Symphony, with 
the effect of an inconceivably sublime hymn of joy and goodness. 
1'.fahler, a supreme Wagnerian conductor who yet wrote no opera, 
followed this example in certain of his symphonies, as well as com­
p,osiog song cycles for solo voices and orchestra which tend (especi­
ally ~s m~sterpiece, The Song of the Earth) to be symphonies in 
fact if not ID name: but here, though there is neither stage, scenery 
nor plot, the music is essentially dramatic, with every dramatic 
resource of harmony, instrumentation and impassioned declamation. 
Aud such has also been the case, to some extent, with oratorio: for 
this is, virtually, unstaged opera on sacred subjects. 

This is not the place to discuss the many different forms here in­
stanced. I merely wish to emphasize the principle that each different 
musical purpose demands its different instruments and instrumental 
usages, to be judged not as ends in themselves, but in the light of 
th•:>s: musical ends to which they are the best fitted means: in short, 
as,, literally, the Instruments of Music. 
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Glossary 

A select glossary of t11chnical terms used in this book, or commonly met 
with in discussions of this subject. 
ACCIDENTAL. As adjec.:tive, foreign to the prevailing scale; as noun, 

any symbol or note implying an alteration in the prevailing scale. 
Antonym: Natural,. (And see Diatonic, Flat, Sharp.) 

ANSWER. In Fugue !(see), the second entry of the theme (see), 
usually a little mo,dified from the first, or subject (see) proper. 
Subject and answe:r tend to alternate throughout the fugue. 

ATONAL. The adjecti,•e of atonality. 
ATONALITY. Literally,, 'no-tonality', which is a musical impossibility. 

Loosely used of a Bystem of composing known as the twelve-note 
(twelve-tone) technique, in which the twelve semitones of the 
tempered scale (see Temperament) are treated so far as possible 
on an equality, as all diatonic (see) and none chromatic (see). 

AUGMENTED. Of inte:rvals (Interval, i): increased by a chromatic 
semitone; of cho,rds: including such an interval. (See also 

Semitone.) 
BAR. (i) A convenient unit (measure) of musical time, usually kept 

constant until the metre changes. (ii) The line of division drawn 
to demarcate each such unit: also known as bar-line. 

BASS. (i) The lowest i:iart. (ii) That note in a chord which is taken by 

the lowest part. 
CANON. Literally, 'rule'; in effect, a composition proceeding on the 

rule that a melody appearing in one voice or part shall soon recur 
exactly (but sometimes transposed in pitch) in another voice or 
part ('two in one'); or in several other voices or parts ('three in 
one', 'four in one', etc.). Each entry, in short, imitates its pre­
decessor: the result may be called a melody overlapping with 

itself. 
CHORD. Two or more~ (some would say three or more) notes heard 

simultaneously an.d appreciated as harmony (see). 
CHROMATIC. Literally, 'coloured'; in effect, introducing notes or 
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intervals or chords such that they would not occur naturally (see 
Natural) in the prevailing i,cale (see). Antonym: Diatonic. (See 
also Semitone.) 

COMPASS. Literally, 'boundary'; in effect, the maximum range of 
notes obtainable by a voice: or instrument, or demanded by a 
part. 

COMPOSER. Literally 'putter-t,ogether'; in effect, one who writes 
music. 

COMPOSITION. A work of musk 
CONCORD. A musically reposefiul chord (see Chapter I). 
CONSONANCE. Relative smootlbness of sound-vibration, due to a 

comparative absence of bea1ts (see Chapter I). 
CONTRAPUNTAL. The adjective: of counterpoint (see). 
COUNTERPOINT. Literally 'counter-note'; in effect, (i) any reasonably 

independent melody set against another or others. (ii) More 
strictly, such a melody in fugue (see). (iii) A passage (or the 
structure of a passage, or tlite art of constructing a passage) thus 
constructed of reasonably iJ1dependent melodies simultaneously 
heard: such a passage is said to be 'contrapuntal' or written 'in 
counterpoint', or 'linear' . .S~nonyms: Polyphony (see); (loosely) 
Part-writing (see). (iv) More strictly, such a passage (or the 
structure of such a passage, or the art of constructing such a 
passage) in fugue. 

The antonym of counterpoint (iii) and (iv) is harmony (ii) 
(see) : or melody unaccompanied; i.e. monophony (see): or 
melody accompanied by vertical harmony (see Vertical); i.e. 
monody (see). Homophony (see) is often composed as a some­
what restricted variety of counterpoint (iii). Polyphony (see) is 
virtually a synonym for counterpoint (iii) and even (iv). But it 
would be much more convenient and precise if we could restrict 
the word counterpoint to counterpoint (iv), and the word poly­
phony to counterpoint (iii); introducing some such term as 
counter-melody for countexpoint (i), and confining ourselves to 
the strict technical terms Subject, Answer and Countersubject 
(see Entry, Fugue) for counterpoint (ii). 

CRESCENDO. Literally, 'growing'; in effect, increasing in loudness 
(volume, amplitude). Antonyms: Decrescendo. Diminuendo. 

CROOK. An extra length of tubing inserted in some lip instruments 
to lower their pitch. 
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DAMPER. A device incorporated on some string keyboard instru­

ments to check the vibrations of their strings at will. 

DECRESCENDO. Synonym of Diminuendo. Antonym: Crescendo. 

DEGREE. Step, note, tome of a scale (see); e.g. the fifth degree of the 

scale is the dominamt. 
DIATONIC. Literally, 'through the tones'; in effect, introducing no 

note or interval such that it would not occur naturally (see 

Natural) in the prevailing scale (sec). A11tonym: Chromatic. 

DIMINISHED. Of intervals (Interval, i): decreased by a chromatic 

semitone; of chords: including such an interval. (See also 

Semitone.) 
DIMINUENDO. Literally, 'diminishing'; in effect, decreasing in loud­

ness (volume, amplitude). Synonym: Decrescendo. Antonym: 

Crescendo. 
DISCORD. A musically restless chord (see Chapter I). 

DISSONANCE. Relative harshness of sound-vibration, due to a com­

parative prevalence of beats (see Chapter I). 

DOMINANT. Fifth degree (now) of any scale; so called because, in 

modem Western harmony, this note, when employed or implied 

(see Root) in the bass, exens a dominating tension in the direc­

tion of the tonic (see) of the same scale (and see Sub-dominant, 

Modulation). 
DRONES. Notes held unchangingly while another part proceeds 

melodically; the whole not forming true harmony (see) in the 

normal sense. (And see Pedal, ii.) 
ENHARMONIC. Differing as do, for example, G flat and F sharp, i.e. 

by a minute intervml when justly tuned, but not at all, objectively, 

under Equal temperament. (Sec Just, Temperament, and 

Appendix IV.) 
ENTRY. An appearanc1~ of a theme or subject; e.g. the second entry 

of a normal fugue is called the answer. 

FANTASY, or FANTAS[A. (i) A free composition, not in any strict 

form. (ii) In the sixteenth and early seventeenth centuries, a 

loosely fugal (see Fugue) composition for instruments, con­

structed broadly iJ:1 the form of a motet (see). 

FIGURATION. Free melodic patterns ornamenting a progression (see) 

which could be less ornately traced. 

FLAT. As adjective: (i) low in pitch: e.g. the singer is flat, i.e. out of 

tune (see Tune, ii) by being lower than the proper pitch, such as 
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the pitch of an accompanying piano. Antonym: Sharp. (ii) Low­

ered by a semitone: e.g. B flat, the note a semitone below B 

natural (see Natural). As noun: (iii) the injunction to lower a 

given note or notes by a s~mitone: e.g. there are three flats in the 

~ey of C minor (see Key, ii; Mode; Minor). Antonym: Sharp. 

(1v) The symbol (t,) indicating that injunction: e.g. there are three 

flats in the signature (see) of C minor. Double flat (t,t,) indicates 

lowering by a further semitone: i.e. by a tone in all. (And sec 

Accidental.) 

FORM. (i) Any basic, more or less standard pattern to which a com­

poser may choose to conform: e.g. sonata form, rondo form. 

Consult a text-book for such standard forms. (ii) The pattern 

taken by a given composition, whether standard or not. Ant011ym: 
Content. 

FREQUENCY. In acoustics, the rate of vibration, measured by the 

number of complete vibrations (cycles) of a sounding body per 

second; c.p.s. (cycles per second) for short. (See Chapter I.) 

FUGUE. Literally, 'flight'; in effect a species of modified canon (sec) 

~n which each entry of the main theme, after the first such entry, 

1s normally accompanied 'by a second theme (a continuation of 

the first), known as the coumtersubject; and usually relieved from 

time to time by contrasting episodes in a freer style. Each entry 

imitates its predecessor, though not so rigidly and continuously 

as in canon proper. Towards the end, the entries often follow 

each other at shorter inter"Vals (see Interval, ii), in what is called 

a stretto; but since the earlier entries never quite catch up with 

the later, the result is like a perpetual pursuit: whence the name 

fugue. (Sec Counterpoint, Answer.) 

GLISSANDO. Literally, 'gliding'; in effect, rapidly rushing up and/ or 

down a series of notes: e.g. a Glissando passage for the harp. 

HARMONIC. (i) As noun, strictly speaking an element in a periodic 

vibration (see Chapter I), but commonly used of the partial-tone 

thereby produced. Also used as an adjective, to describe such 

partials. (ii) As adjective of harmony (see), composed primarily 

of chords. Antonym: Melodic (i). (iii) The name of one of the two 

basic forms of the minor scale. Antonym: Melodic (ii). (See 

Mode.) 

HARMONIZE. To employ or add chords. 

HARMONY. (i) Simultaneous notes heard and appreciated as chords. 
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(ii) That aspect of harmonized music which consists, not in its 
melody or melodies, but in the harmonic progressions (see) 
which support that melody (where the music is monodic - see 
Monody), or which re:sult from those melodies (where the music 
is polyphonic - see Polyphony). Antonym: Melody (ii); or 
Counterpoint (iii) or (iv). 

HOMOPHONIC. The adje1::tive of homophony (see). 
HOMOPHONY. Literally 'like-voice'; in effect, harmonized music 

whose parts all mov(: (more or less) in the same rhythm, pro­
ducing block chords, and as it were speaking with one accord. 
(Also called Homorbythm. And see Monody, Monophony, Poly­

phony.) 
HORIZONTAL. Composed of markedly independent melodies (appear­

ing, in notation, hori';:ontally across the page: see Score) from 
whose combination the desired chords result; i.e. more or less 
contrapuntal (see Co1mterpoint, iii). Antonym: Vertical. 

INTERVAL. (i) The interval of pitch between two notes, whether 
heard successively or simultaneously. (ii) The interval of time 
between various entt:ies of a fugal or quasi-fugal (see Fugue) 
composition. 

INTONATION. (i) Pitch adjustment. (ii) Congruity of pitch (see 
Tune, ii). 

INVERSION. (i) The act: of transposing the notes of an interval 
(Interval, i) or a cho1rd into a different order of pitch. (ii) An 
interval or chord so transposed: e.g. the chord e, g, c' is the first 
inversion of the triad. c, e, g; their common root (see) being c. 
(There are other important meanings in connection with the 
technique of fugue: but they can be ignored for the purpose of 
the present book.) 

JUST. Of temperament, based on acoustically perfect intervals 
(Interval, i); of into1Jation, truly in tune. (See Temperament, 
and Appendix IV.) 

KEY. (i) The lever operating the action of a note on a keyed or a 
keyboard instrument, when designed to be depressed by a finger. 
Antonym: Pedal. (ii) A selection of notes to which a composer 
chooses, basically, to confine himself for a time: these notes 
being called diatonic (see); and any alien notes which he may 
permit himself, being called chromatic (see). There are theoretic­
ally as many differen.t keys as there are notes employed in our 
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present musical system. However, in this system, notes very 
nearly identical, e.g. A flat and G sharp, can be treated as 
identical, by being tuned to a compromise between the two (see 
Temperament). Therefore,1 for example, the key of A flat and 
the key of G sharp can be tireated as interchangeable, and may be 
notated as whichever is moist convenient. A key such as B sharp 
would never be notated lite:rally; it would always be set down as 
C major. Thus in effect there are only twelve distinct notes and 
twelve distinct keys in our present musical system. (See also 
Mode. Some reckon twenty-four keys, counting major and minor 
separately: but this is less accurate language, as the difference 
between major and minor ils one of mode, not of key.) 

There are seven notes diatonic to each key, and five chromatic. 
Of the seven diatonic notes,1 five are reached from the note below 
by the interval of a tone; two are reached by the interval of a 
semitone. The order in which the five notes and the two semi­
tones are arranged is the same for every key: thus every key is 
alike except for its relative pitch. For this reason, it is easy to 
carry the music smoothly and continuously through the changing 
keys,returning eventually to the starting-point. (See Modulation.) 

Key~ may be used in a variety of modes, of which two only, 
the maior mode and the minor mode, are in regular use today. 

LEADING-NOTE. The seventh degree of the scale (see; and see Sub­
tonic for an explanation of its name and function). 

LEGATO. Literally 'bound'; in 1effect, smooth in style because virtu­
ally devoid of minute silences between one note and the next. 
Antonym: Staccato. 

LINEAR. Synonym of horizontal; but used in particular with refer­
ence to counterpoint conducted with unusual disregard for harsh 
harmonic consequences. 

MAD~IGA~. A moderately connrapuntal (see Counterpoint, iv) vocal 
piece, in the same general form as a motet (see). 

MAJOR. Literally, 'greater'; in i~ffect, an adjective indicating (i) that 
co~on ~ode_~se:) in which the third degree of the scale (see) is 
m~ior (~~Jor, u); ~.e. a to~e above the second degree. Antonym: 
Minor. (u) The wider variety of any interval (Interval, i) such 
that it has two basic varieties, one wider (by not more than a semi­
tone) than the other. Antonym: Minor. 

MEDIANT. The third degree of the scale (see: and see Progression). 



172 APP1!N-01X I 

Only less useful as a harmonic pivot th~ the domin~t (see) 
and sub-dominant (see). (And see Sub-mediant, Modulation.) 

MELODIC. (i) The adjective of melody: composed primarily of 
melody. Antonym: Harmonic (ii). (ii) The name o~ on·~- of the 
two basic forms of minor scale. Antonym: Harmoruc (w.). (See 

Mode.) . 
MELODY. (i) Successive notes heard and appreciated as tuneful 

(Tune, i). (ii) That aspect of harmonized mu~ic which consists, 
not in its harmonic· progressions (see) but m the melody or 
melodies (Melody, i) which those progressions support or are 
constructed from. Antonym: Harmony (ii). 

MICROTONE. Literally, <small-tone'; in effect, any interval (see 
Interval, i) smaller than a semitone. . 

MINOR. Literally, 'lesser'; in effect, (i) that common mode (see) m 
which the third degree of the scale (see) is minor (Minor, ii); 
i.e. a semitone above the second degree. Antonym: Major. (ii) The 
narrower variety of any interval (Interval, i) such that it has two 
basic varieties, one wider (by not more than a semitone) than the 
other. Antonym: Major. 

MODE. Like key (Key, ii), a selection of notes to which a composer 
chooses basically to confine himself for a time. Medieval and 
Renaissance composers recognized up to eight (in the sixteenth 
century up to twelve) modes: today, we usually, though not by 
all m~s always, confine ourselves to the two we call major and 
minor, using thelatter, however, in two slightly vary~g vers~ons. 
(Melodic minor and harmonic minor - the former slightly differ­
ent again, in its ascending and descending forms.) 

Modes (unlike keys) differ in th7ir distribution of ?1e ~o 
semitone intervals and the five tone mtervals (Interval, 1) which 
each includes: thus no two modes are quite alike. Whereas the 
difference between different keys is relative and can only be 
sensed when they are juxtaposed, the difference between different 
modes is absolute, and can be sensed in itself. Hence, for example, 
major remains unmistakably major, an~ mino~ remains unmis­
takably minor, in whatever key. So too, m varymg degrees, when 
any other distinct mode is introduced.; with the important r:sult 
that further modes than major and mJnor may also be exploited, 
given discretion, in music primarily based on key, as a n~ber of 
successful experiments have lately shown. (See also Key, 11.) 
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MiODULATION. A journey through diverse tonalities (see) so con­

ducted that each stage is felt to be a logical continuation of the 
preceding stage. 

MONO DY. Literally, 'alone-song'; strictly, a school of Italianate music 
c. r6oo-50; loosely, music in which a single melody has out­
standing importance, while the accompanying harmonies have 
merely a supporting role. Antonym: Polyphony. 

M ONOPHONY. Literally, 'alone-voice'; in effect, unaccompanied 
melody. (See Homophony, Monody, Polyphony.) 

MOTET. A more or less contrapuntal (see Counterpoint, iv) vocal 
composition, usually to sacred words, each sentence or phrase 
of which is set to a separate theme, a new musical section be­
ginning with each new verbal sentence or phrase. 

MlUTE. A device designed to damp or check partially the vibrations 
of certain instruments, thus temporarily reducing both the 
volume and the brilliance of their tone. 

NATURAL. As adjective: neither flat (see) nor sharp (see). As noun: 
the symcol (~) cancelling an accidental (see). Antonym: Acciden­
tal. (And see Diatonic, Flat, Sharp.) 

NOTATION. (i) Symbols by which music is set down in writing. 
(ii) The act of so doing. 

NOITE. (i) A musical tone at its perceived pitch; ordinarily, the pitch 
of its fundamental harmonic (see Chapter I). (ii) The written 
symbol for such a tone. 

OCTAVE. (i) The eighth degree of a scale (see); i.e. the degree at 
which the scale is regarded as repeating itself, though at a pitch 
one octave (Octave, ii) higher. (ii) The interval thus spanned. 
Consecutive octaves are a blemish in pure part-writing, owing to 
the fact that the ear perceives them, not as two parts, but as one 
part differently coloured (the same occurs, though in lesser 
degree, with fifths, and even, in certain circumstances, fourths). 
The reasons are physical (see Chapter I). 

PART. (i) In counterpoint, or part-writing (see) of any kind or degree, 
one of the more or less independent melodies which combine to 
produce the harmony. (ii) More loosely, the notes assigned to 
any instrument in a concerted composition: e.g. the piano part 
ofa song. 

PARTIAL. Any ingredient ofa compound tone, whether its ingredients 
(partials) are harmonic (see Harmonic, i) or not (see Chapter I). 
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PART-SONG. Vocal music w:ritten in parts (Part, i; Part-writing); it 

being generally implied that the highest voice has a more o~ less 

prominent tune, and the remainder more or less subordinate 

accompanying parts. 
PART-WRITING. Roughly the synonym of counterpoint (iii); it being 

generally implied, however, that less independence in the se~e~ 

combined melodies, oth1er than the highest melody (Tune, 1), 1s 

required to justify the description part-writing, than to justify 

the description counterpoint (see). Some minimum degree of 

part-writing must result where there is even a melody with a 

passably independent bass. 
PEDAL. (i) The lever operating the action of a note on an organ or 

other keyboard instrum1ent, when designed to be depressed by a 

foot not a finger (Antonym : Key); or operating the stops of such 

an ~strument as the harpsichord, or operating the pitch-changing 

devices on the pedal harp, or the like. (ii) An effect in harmony 

produced ( or like that produced) by keeping one's foot do"'.° on 

an organ pedal for a substantial time, during which ~e rem~der 

of the harmony progre:sses with greater freedom, m rclauon to 

the held note, than wm:Lld normally sound well. Somewhat like a 

temporary drone (see). 

PERPENDICULAR. Synonym of vertical (sec). 

PISTON. (i) A tap or valv<: for introducing a permanently attached 

crook (see) into the effective length of certain lip instruments. 

(ii) A device on many organs for operating a quick change of 

stop, or other special effect. . . 

P ITCH. Acuteness or gravity. Acute, or high notes, are those with 

rapid frequencies; gra•ve, or low notes, are those with slow fre-

quencies. (See Append/ix III.) . , . . . . 

POLYPHONY. Literally, 'many-v01ce ; m effect, music m which 

every part has a melody of more or less equal importance, these 

melodies resulting in the desired harmony when combined. 

Antonym: Monody. (And see Counterpoint.) 

PROGRESSION. In harmo:ny (see), a succession of chords compre­

hensively related; i.e. in such a way that it is possible to grasp 

some genuine affinity between each neighbouring link in the 

succession. For examiple, the progression, common chord of G 

major to common chord of C major (G, B, D, to C, E, G), is 

easily comprehended,, owing to the presence in each of the 
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note G; the fact that the tonic of G major (G) is the dominant 

(see) of C major; and the ease with which the mcdiant (see) of 

G major (B) presents itself to the mind as the leading-note (see) 

ofCmajor. 

QUARTERTONE. A microtone (see); by definition, half a semitone 

(see). (See Scale.) 

REGISTER. (i) A pan of the whole compass (see); e.g. the bottom 

register of the clarinet is cadav•erous in quality. (ii) A synonym 

for stop (i). 

REGISTRATION. In connection with the organ or harpsichord, choice 

of stop of stops (Stop, i). 

RHYTHM. (i) That aspect of music which most nearly corresponds to 

rhythm in poetry; i.e. more or less regularly recurring stress, or 

emphasis, or duration of sound. Where the rhythm is exception­

ally free, as in recitative, the rhythm of prose would be a better 

analogy. (ii) Any specific variety of musical rhythm. (See Time.) 

ROOT. That note, called the fundamental bass, which is either the 

bass (Bass, ii) of an uninverted chord (see Inversion); or which 

would be the bass of an inverted chord if this chord were not 

inverted; or which would be the bass of an incomplete chord 

nowhere including it, if this ch.ord were both complete and un­

inverted. For example, in the key of C major, the root of the 

incomplete chord of the dominant ninth: b, d',f', a', is g. (But 

there are certain objections to this latter theory of 'omitted 

roots', at least if pressed too far.) 

SCALE. Literally, 'ladder'j in effect:, all the notes diatonic (sec) to a 

given tonality (see), arranged in ascending order of pitch under 

the following names: tonic, or key-note; super-tonic; mediant; 

sub-dominant; dominant; sub-mediant; leading-note or sub­

tonic. Such a diatonic scale is simply a convenient rationalization 

of that choice of notes to whic:h. the composer proposes, f 01· tlze 

~~me being (however short), basically to restrict himself (see Key, 

u; Mode). The chromatic (see) scale is simply a similar rational­

ization of all the notes normally employed by modern Western 

composers at any time: i.e. a total of twelve semitones, which 

may, however, be notated, according to the context, in more ways 

than one (see Key, ii; Temperament). The octave (see) may be 

divided into more than twelve notes by using smaller intervals 

than the semitone: i.e. microte•nes. This is quite customary in 
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purely monophonic music (see Monophony) such ~s many 
Eastern schools cultivate in great subtlety and perfecnon: but 
is not a possible basis for harmony, in my view, notwithstanding 
occasionally repeated experiments to the contrary. (See P. A. 
Scholes, Companion to Music (Oxford, 1938), s.v. 'Quarter-

tones' .) 
SCORE. A notated copy of :all the parts of a concerted composition, 

set out horizontally one above the other in such a way that a 
vertical line drawn fr<>m top to bottom would more or less 
accurately represent a synchronized moment in all the parts 

alike. 
SEMITONE. A twelfth part of an octave (see), given equal tempera-

ment (see Temperamelllt). The smallest normal interval of our 

modem Western music:. 
SFORZANDO. Literally, 'forcing'; in effect, with a pronounced accent 

or stress. 
SHARP. As adjective: (i) high in pitch: e.g. the singer is sharp, i.e. out 

of tune (Tune, ii) by bc!ing higher than the proper pitc~.' sue~ as 
the pitch of an accompanying piano. Anto~ym: Flat. (u) Raised 
by a semitone: e.g. C sharp, the note a semitone ~bove ~ natural 
(see Natural). As noun.: (iii) the injunction to raise _a given note 
or notes by a semitone: e.g. there are three sharps m the key of 
A major (see Key, ii: Mode; Major). Antonym: F lat. (iv) The 
symbol(#) indicating that injunction: e.g. there are thr~e s~arps 
in the signature (see) of A major. Double-sharp (x) wdicates 
raising by a further semitone: i.e. by a tone in all. (And see 

Accidental.) 
SIGNATURE. The symbol or symbols notated at the beginning of 

each line of a composition to indicate which sharps or flats 
(Sharp, iii; Flat, iii), if any, are diatonic (see) to that composition, 
unless and until a chan1ge of signature occurs. 

SPICCATO. Literally, 'cut-•off'; in effect, (i) on bowed string instru­
ments, rather detache:d in style, with a delicat~ separation of 
each note from its successor, produced by causing the bow to 
rebound slightly from the string between each stroke. (ii) More 
generally, a style like that so produced. . 

STACCATO. Literally, 'separated'; in effect, markedly detached m 
style, because prolonging unusually the minute silences between 

one note and the next. Antonym: Legato. 
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STOP. (i) As noun: on organs, a de:vice for bringing into operation 
a rank ( or ranks) of matched piJpes similar in timbre but graded 
in pitch, hence, such a rank (or combination of ranks) itself; on 
harpsichords, the corresponding device for bringing in a set of 
strings: hence such a set itself. (ii) As verb: on stringed instru­
ments, to curtail the sounding length of string by pressing it with 
the finger; or on wind instruments, to increase the sounding 
length of tube by closing a hole with the finger; hence, to play a 
note: e.g. a violinist playing in the first position stops e" with 
his little finger. 

SUB-DOMINANT. The fourth degree of the scale (see), exerting a 
harmonic tension only second to that of the dominant (see) itself, 
of which it is the inversion (Inversion, ii; and see Modulation). 

SUBJECT. (i) Synonym of theme. (ii) A more formal and fully pro­
pounded section of musical material for subsequent develop­
ment, especially in sonata form (see standard text-books). (iii) 
The subject of a fugue. 

SUB-MEDIANT. The sixth degree of t:he scale (see), scarcely less useful 
as a harmonic pivot than the mediant (see), of which it is the 
inversion (Inversion, ii; and see Modulation). 

SUB-TONIC. The seventh degree Qf the scale (see); always, in the 
major mode (see Mode), and often, in the minor mode, leading 
by the enticing step of a semitone~ to the tonic: whence its alterna­
tive name of 'leading-note'. 

SUPER-TONIC. The second degree of the scale (see); particularly 
useful in modulation (see) as the: dominant of the dominant. 

TEMPERAMENT. Such modificatiom of the true acoustic intervals 
(Interval, i) as is necessary in freely modulating music. (See 
Appendix IV.) 

TEMPO. Literally, 'time'; in effect, the speed at which a composition 
is performed. 

TESSITURA. Literally, 'texture'; in 1effect, that part of a vocal com­
pass on which a given voice part most continuously draws. For 
example, a soprano song with a high tessitura is one which 
demands unusually frequent us,e of the highest register of the 
soprano compass. 

THEME. A musical fragment or short entity capable of extended sub­
sequent development; in particular, the subject of a fugal work 
or passage. 

1.0.M.-G 
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TIMBRE. Quality of toni!, in contradistinction to pitch, or to 
volume. 

TIME. The nearest musical equivalent to metre in poetry; the group­
ing of rhythmic accents in more or less constant units known as 
bars (but the subject is complex, and has been more so in the 
past). (See Rhythm.) 

TOCCATA. Literally, 'touch-piece'; in effect, originally a free and 
brilliant preluding in ~vhich the player warmed himself up and 
loosened his fingers: h1~nce a standard Baroque form in which a 
certain element of bravill.ra, reminiscent of a virtuoso improvising, 
remained. 

TONALITY. A general term for the effect of the prevailing key (Key, 
ii) and/ or mode. Tonality depends on a sense of the prevailing 
tonic (see), ;maintained. throughout any passing modulations or 
chromatic modifications which the composer may indulge in. 
If he permits the tonality to become obscure for more than a 
short time, either deliberately or unintentionally, the listener will 
lose his bearings. Polyt:onality (more than one tonality at a time) 
and atonality (no-tonality) were thought, when first invented, to 
represent the overthrow of tonality; but subsequent familiarity 
has shown that, whel'1: successfully used, they are merely the 
most recent extension of tonality into fields where its lines of 
force would not previously have been recognized. I do not think 
we shall ever really get away from what Prout said half a century 
ago (Musical Form, 1893): 'Without a clearly defined tonality 
music is impossible.' lit is merely the application of the principle 
which changes, and no1t, as the newest rebels and their opponents 
always think, the principle itself. The term 'atonality' was in fact 
repudiated by Schonbe:rg, the pioneer of the twelve-note (twelve­
tone) technique (see Atonality). 

TONE. (i) A note. (ii) A musical sound (see Chapter I). (iii) A 
synonym for timbre. (iv) That interval (Interval, i) which, given 
equal temperament (i.ee Temperament), is twice a semitone 
(see); sometimes called whole tone. 

TONIC. The first degree i:>f the scale (see; and see Tonality); also 
known as the key-note: or final (but this last term strictly refers 
to the tonic of a mode, which is its first degree if the mode is one 
of those called authentic, but its fourth degree if the mode is one 
of those called plagal: yet always with the same implication of 
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representing the tonality arow1d which the music centres, and 
to which it must return). 

TRANSPOSE. Literally, 'carry acroi,s'; in effect, change to another 
pitch without otherwise alterin1g. 

TRIAD. Any three-note chord, in root (see) position, bounded by the 
interval of a fifth, and containing two intervals of a third; or any 
inversion (Inversion, ii) of such a chord. 

When, in root position, the l<>wer third is major and the higher 
third is minor, the triad is majcir. When the lower third is minor 
and the upper third is major, the triad is minor. These triads, 
and their inversions, are also known as common chords. 

When both thirds are majo1r, the triad is augmented. When 
both thirds are minor, the triad is diminished. 

TUNE. (i) A succession of notes at various intervals (Interval, i), and 
usually of varying lengths, suC:h that it is expressive of emotion 
in the manner hinted at in Chapter II; a virtual synonym of 
melody (i), but carrying more of the implication of a completed 
melody. (ii) A synonym of int1:>nation (ii), e.g. the singer is out 
of tune with the piano. 

TWELVE-NOTE (TWELVE-TONE) Ml/SIC. See Atonality. 
VALVE. (i) A synonym of piston (i). (ii) A device controlling the 

passage of air in sundry mechanisms on the organ. 
VERTICAL. Composed of markedly unpolyphonic, block chords 

(appearing, in notation, vertically on the page: see Score), on 
which rests a more or less prominent melody, normally in the 
highest part; i.e. more or less monodic (see Monody). Synonym: 
Perpendicular. Antonym: Hori;wntal. 

VIBRATO. Slight, fairly rapid but controlled variations of pitch for 
purposes of expression, chiefly used in the voice (tremolo -
strictly variations not of pitch but of intensity), on bowed string 
instruments, and on the clavichord; but possible on some wind 
instruments, especially the oboe; and also imitated with rather 
questionable effect in the tremolo stop of many organs. Always 
easily susceptible of abuse. 
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Alphabetical Notation Symbols 
used in this book 

Where it is not intended to specify any particular octave, plain 
Roman capitals are used: as in the phrase, the key of C. Whenever 
a specific octave is intended, the letter is italicized. 

The specific octave beginning on the thirty-two-foot organ bottom 
C is notated C,, to B,,. 

The next higher octave is notated C, to B,. 
The next, C (bottom note of violoncello) to B. 
The next, c (tenor C, bottom note of viola) to b. 
The next, c' (middle C) to b'. 
The next, c" to b". 
The next, c'" to b"' . 
The next, leading to the top note of the piano (cv), is notated c" to 

b'v. 
To make all clear, the following is the staff notation and the short­

hand notation of a complete diatonic octave, from c' (middle C) to 
c": 

i 1 J· J J J J f F 
c' d1 e' f, 9 1 a' b1 c" 

Chromatic notes are indicated by the usual suffixes; for example: 

c 1 double ·flat c'flat 

J_ # 
c' natural c' sharp 

11 
c 1double-sherp 

In the system of tuning known as Equal Temperament (see 
Appendix IV), on which the modern keyboard is based, C sharp and 
B double-sharp are treated as the equivalent in pitch of D fiat; 
D double-flat and B sharp are treated as the equivalent of C natural; 
C double-sharp and E double-flat are treated as the equivalent of 
D natural. The same principle applies throughout the scale. The 
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t:quivalence is strictly only a convenient compromise; but this need 
not concern us here. In practice, the complete chromatic scale in the 
octave shown above can most conveniently be notated, upwards, 
simply as c', c' sltarp, d', d' sltarp, e', f', f' sltarp, g', g' sharp, a', a' 
sharp, b', c"; or, downwards, as c", b', b' flat, a', a' jlat,g',g' fiat,f', 
e.,, e' fiat, d', d' flat, c' . 

STAFF NOTATION 

Cycles per second 
32 • 116 64 128 

ave ........... . 
256 f'- :r-

E in altf g 
~ 

~ I 

(Cello C) . M~ dleC) • 

~ ~ j ~ ---ii C cles y rsecond 5 pe 12 I 024 2048 4096 

8"e· basso .. J loco 

':HELMHOLTZ' NOTATION as used in this book and by acousticians 
g;enerally 

(c"" b1111J 
c.,, 811 C, 8, C 8 C b c' b1 c" b11 c"' J,111 c" b,. c• 

{c' b1 c• b• c1 b1 c" J,4 cs) 

ENGLISH ORGAN-BUILDER'S NOTATION 

cc:cc Baas CCC BBB cc 'SB C 8 C b c' · b' c11 
• d11 c111 df PI c"" 
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Standards of Pitch 

Pitch can only be defined exactly by the frequency in vibration cycles 
per second(c.p.s.). Written standards of pitch are a matter of arbitrary 
convention, and have va.ried widely and continually throughout 
musical history.1 Today, :,ome approach to a uniform agreement on 
the subject has at last been achieved. In England, our most usual 
standard in the decades before the war wrote a' for the note given 
by 439 c.p.s. (New Philharmonic pitch). In 1939 British Standard 
Concert Pitch was officially based on a' = 440 c.p.s. This is the 
present international standard, and any conductor who allows it to 
rise again is doing us a gt'eat disservice. Unfortunately, several such 
are at large. 

Medieval and Renaissance standards of pitch varied bewilderingly 
and widely. Early,however, in the eighteenth century, a fairly general 
standard had been deduced probably lasting till after the death of 
Beethoven. This is known as Classical pitch, standing at about a' = 
415 c.p.s., or roughly a :,emitone below New Philharmonic pitch. 
During the nineteenth cerntury, standards of pitch rose extravagantly, 
under the illusion that brilliance would be enhanced thereby; our 
present standard represe:nts a reaction towards a more. traditional 
level. (Old Philharmonic pitch put a'= 452.5; ~ou~ this had be<:11 
raised from 433.2, and that in turn from an earlier pitch, chosen m 
1813, of 423.7.) Muchmu:sic down to Beethoven's death ought ideall_y 
to be dropped another semitone, to Classical pitch: what makes this 
impracticable is chiefly th1! fact that modem insmunents are designed 
for modem pitch. Wind instruments in particular cannot change 
their pitch substantially without structural alteration. 

1 Thorough research in A. Mendel, 'Pitch_ in the 16th and E:i~ly 17th 
Cenruries', Pcs. I-IV, Musical Quarterly, XXXIV, u3 Oanuary, Apr1J, July, 
Oct. 1948). 
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T empi~rament 

Where, and in What Form, Just Intonation is Attainable 
We have seen in Appendix III that the pitch we indicate by a given 
note-name is arbitrary. But once that choice is made, the pitches 
indicated by other note-names are no longer arbitrary. How were 
they arrived at? 

By instinct and tradition. Eastern tradition, which made no 
essential use of harmony, allowc:d a freer choice of intervals than 
Western tradition since this became based on harmony, which does 
not sound well unless its main mttervals are just or very nearly so. 

By a just interval is meant one: tuned to evince the least possible 
roughness due to beating. As we saw in Chapter I, the most consonant 
interval after the unison is the octave; for which very reason it is the 
most narrowly hedged about by dissonance, since the contrast be­
tween its beatlessness when perfectly tuned and its beating when 
imperfectly tuned is particularly marked. The remaining intervals 
are progressively less beatless; thus the augmented fourth, for 
example, beats so little the worse for being slightly mistuned that it is 
in practice difficult to give it an exact tuning at all. 

In short, some intervals both can and need be tuned less exactly 
than others; and this is fortunate. For it is very doubtful whether 
our objective universe is such as to permit us to employ just intervals 
consistently. 

Three musically paramount intervals are the octave, the fifth, and 
the major third, with ratios as 2 : 1, as 3 : 2 and as 5 : 4. Now 2 , 3 
and 5 happen all to be prime numbers to one another: i.e. such as 
cannot be divided without remainder by any other number except 
unity. This means that ifwe calculate our intervals from a given note 
by octaves, by fifths and by major ·thirds, we can never hope to reach 
another note exactly the same by any two, still less by all three 
routes. 

Stan with a note C,,. Now{,= :2 and i = 1·5, so that to reach the 
Octave you multiply by 2 and to re:ach the fifth you multiply by 1·5. 
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But 27, which gives the se:venth octave, is 128, while (1·5)1 2
, which 

gives the twelfth fifth, is 1.29·75. 
Thus the b" sharp reached by going up twelve fifths, though it is 

very nearly the same note ats the c• reached by going up seven octaves, 
is not quite the same; it is sharper by a vexatious little gap of almost 
a quarter of a semitone, kn.own as the ditonic or Pythagore.m comma. 
Conversely, the D,, doubl1e flat reached by going down twelve fifths 
from , •, though it is almost: the same note as the C,, reached by going 
down seven octaves, is no,t quite the same; it is flatter by a ditonic 
comma. And likewise with all other notes, so that, if reached in this 
way by a series of fifths, B flat is not quite the same note as either A 
sharp or C double-flat, et1c. 

Or you can reach a quLite different b'• sharp by going up three 
major thirds from c'•; this will be flatter than c• by an even larger gap, 
known as the diesis. You c:an reach e" by going up four fifths from c; 
this will be sharper than the e" which is the major third above c" by 
yet another gap (minutely smaller than the ditonic comma), known 
as the syntonic comma or merely as the comma. And likewise with all 
other notes, so that if we tune our fifths true, we necessarily mistune 
our major thirds, and if w1~ tune our major thirds true, we necessarily 
mistune our fifths. 

The pure scale 
Now suppose we want a diatonic major scale starting on c' . We may 
take its octave c", its fifth, g', its fourth, f', and its major third, e', 
all as just intervals to c'. 

Next to the tonic triadl C E G we shall most want its dominant 
G B D and its sub-dominant F A C. So we may add d' as the just 
fifth tog, b' as the just ma;jor third tog', and a' as the just major third 
to f'. This completes a scale which may fairly be called pure. 

We shall find that our major seconds c' to d', f' to g' and a' to b' 
are 'major tones', while our major seconds d' toe' and g' to a' are 
'minor tones', smaller by- a comma. Our diatonic minor seconds e' 
to f' and b' to c" are 'majo:r semitones' ( always different letters in their 
notation), slightly larger than chromatic minor seconds such as from 
c' to c' sharp, which are 'minor semitones' ( always the same letter: 
N.B. these two kinds of J;emitone). 

Now rise the major sill:th from c', and you will reach a' . Rise the 
fifth from d', and you will reach, not the same a', but one sharper by 
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a comma; for a major tone (c' to d') plus a perfect fifth (a' to d') is a 
comma wider than a major sixth. What is to be done? 

Rather than sound your a' at two different pitches running (c' a' , 
d' a'), you will instinctively flatten your d' instead, making it the 
minor instead of the major tone above c' . But if the major sixth d' to 
b' should chance to intervene (c' a:', d' b', d' a'), you will instinctively 
keep your d' unchanged and sharpen your a' at its second appearance. 

In yet other contexts, you may instinctively modify each note a 
little. The circumstances in ordinary music are usually far more 
complicated, and demand a very :subtle interplay of pitch, involving 
several notes at a time and a continual subconscious vigilance on the 
performer's part. 

The notes thus liable to be modified are called mutable notes; and 
clearly all notes must become ~mtable as a result of modulation 
through all the keys. 

For G major the tone g' to a' must become major instead of minor, 
the tone a' to b' must become miinor instead of major, and f' must 
be replaced by a new note, f' sharp. For A minor the tones c' to d' 
and f' tog' must become minor instead of major, the tones d' to e' 
and g' to a' must become major ittstead of minor, andf' and g' must 
be supplemented by two new notes,/' sharp andg' sharp. And so on. 

The pitch at which a note is taken, particularly when not essential 
to the harmony, is also modified by the melody. In an ascending 
phrase such as c', d', e',f', g', in which the second and fourth notes 
are not part of the prevailing harmony, these two notes will probably 
be made sharper than they would be in the same phrase descending, 
as g',f', e', d', c'. A leading note, !mch as b', leading up enticingly to 
the tonic c", would almost invariiably be taken decidedly sharp. A 
returning semitone, such as d' flat :reached from but falling back upon 
c', would usually be taken decidedlly flat. Both are diatonic semitones, 
and should justly be wider than chromatic semitones such as c' to c' 
sharp; but in these circumstances they are likely to be taken narrower, 
and will sound much better if they are. 

In a word, good intonation is not fixed, but flexible; and so too, 
therefore, must our pure scale be .. 

For if it were fixed, the mutable notes could not be brought into 
tune, nor the melodic line humou:red, as they are instinctively by all 
good singers, string and wind players. 

But being thus flexible, good int,onation, approximating to the pure 
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scale, can properly be called just intonation.1 In practice, however, 
the term is apt to be misleading, and is therefore best avoided. The 
point is that in practice good intonation is always a compromise. It is 
never 'exact' and to some e.x:tent is even a matter of taste. 

Where, and for what rea1,on s, temperament is required 
T here are certain instruments, such as the piano and the organ, which 
cannot employ 'just intonation', because their notes are fixed. They 
have therefore to be tuned to some compromise, which we call a 
temperament. 

All just scales are flexible; but all tunings are fixed. Hence all fixed 
scales are tempered scales; and all tunings are temperaments. 

It might be thought that by providing enough alternative notes 
within each octave, an unte:mpered tuning could be achieved; but 
this is not the case. For fixed :o.otes, however close, are not continuous. 
Each time you took a mutable alternative you would commit yourself 
to a slight but general chang;e of pitch which you could not recover, 
as you do on flexible instruments, by edging imperceptibly back. Nor 
could you slide imperceptiblly to an enharmonic ncighbour. 

Even Bosanquet's celebrated harmonium with fifty-three subdi­
visions to the octave gave faintly tempered major thirds. It was, how­
ever, a near enough approximation to sound untempered to normal 
listeners, and was described as smooth and sweet but quickly cloying. 

Our present keyboard with five black and seven white notes, 
making a total of twelve (semitone) subdivisions to the octave, 
possesses two overwhelining advantages. It has a feasible and familiar 
technique. And it affords us the now indispensable ability to modulate 
enharmonically by at least imagining the same note, e.g. as B natural 
when striking it but as A double-sharp or C flat when leaving it. 

Untempered tuning is thuH as undesirable as it is unattainable. And 
the only temperaments of practical value are those adapted to our 
standard keyboard. 

Just temperament 
This name can fairly be applied to a tuning similar to the normal 
position of the pure scale c:xcept in being made rigid instead of 

1 American usage seems a little differ1:11~: cf. J. Murray Barbour, Music 
and Leuers, January 1938; LI. ~- Lloyd, 1b1d., October 19.39 and July 1943. 
By just intonation American wnuers mean what I sball_call JUSt ~l:Illperament, 
following LI. S. Lloyd, for this tc:rm is now so defined m the Brmsh Standard 
Glossary of Acoustical Terms. 
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flexible. Now we saw that the majoI" sixth (as c' to a') less the major 
tone (as c' to d') gives a comma sho1rt of a perfect fifth; and likewise 
the perfect fourth (as c' to f') less the major tone (as c' to d') gives 
a comma short of a minor third (as d' to f') . 

That gives a supertonic minor third and fifth each tempered by 
almost a quarter of a semitone, which makes supertonic harmony 
unendurable, and renders just temperament useless save as an 
arbitrary but convenient reference tuning with which to compare the 
mistuning implied in other tempero:ments. 

Mean-tone temperament 
Here you tune your major thirds just, and you abolish the distinction 
between major and minor tones by splitting the difference (whence 
the name 'mean-tone'), which makes all your tones the half of the 
just major third. 

Your fifths you make a little narrow (fiat), so that by going up four 
of them from c you arrive exactly at the e• which is the major third 
above c", instead of overshooting it; while by going up twelve of them 
you would arrive at your b" sharp actually about two syntonic commas 
short of c', instead of a ditonic comma beyond. 

That reconciles your major thirds (which being just sound wonder­
fully well) with your fifths (which bcing only slightly tempered sound 
very tolerable); but at the price of positively aggravating the dis­
crepancy between C, B sharp and D double-flat, etc. 

The result is exceptionally good im the keys (usually B flat, F, C, 
G, D, and A major, and G, D, and A minor) which need no notes 
beyond those provided (usually E fi:at, B flat, F, C, G, D, A, E, B, 
F sharp, C sharp, G sharp). You caia, in short, modulate through a 
sequence of eleven fifths; but there your cycle breaks, because, on a 
twelve-note keyboard, you have now .run out of new notes with which 
to continue it. Thus if you want, for example, A flat which is not 
provided, you must make do with G sharp, which is: but that will 
be nearly three-fifths of a semitone ,off the just major third with C, 
and nearly one-third of a semitone ,off the just fifth with E flat. It 
was this horrible gap which earned the name of 'wolf'. 

You could move the wolf round a little by providing A fiat at the 
sacrifice of G sharp, or D sharp at the sacrifice of E fiat. You could 
drive the wolf a short way back by i.Jaserting divided finger-keys for 
striking both G sharp and A flat, both D sharp and E flat. You 
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could cook the position of your 'black' notes, bringing G sharp 
midway between G and A, so as to serve rather better as A flat at the 
cost of serving much worse as G sharp (sometimes called unequal 
temperament, a term also used of non-cyclic temperaments in 
general). 

But no modification will make mean-tone temperament, which is 
the best of all temperaments where remote sharps and flats are 
excluded, suitable where modulation is carried to extremes. 

Equal temperament 

This is a cyclic temperament using twelve subdivisions (there have 
been others using 19, 31 or 53) to the octave, and is our present 
system. You cut the Gordian knot by making every semitone equal 
(whence the name) as the twelfth part of the octave; your tones twice 
your semitones; your major thirds four times your semitones; your 
fifths seven times; etc. 

That leaves no interval just save the octave. Every chord is de­
cidedly worse out of tune than the best chords in mean-tone tempera­
ment; but no chord is as painfully out of tune as the worst chords in 
mean-tone temperament. You have slain the wolf; amalgamated your 
enharmonic neighboUis C, B sharp, D double-flat, etc.; and recon­
ciled your thirds, fifths and octaves. 

You can go up or down twelve fifths and reach a B sharp or a D 
double-flat which is the same as C. You can go up or down three 
major thirds and reach a B sharp or a D double-flat which is the 
same as C. You can go up or down four fifths and reach an E or an 
A flat which is the same as the major third above or below C. You 
can strike a note as G sharp and leave the same note enharmonically 
as A flat. You can modulate without restriction, either sharpwards or 
flatwards. For you have brought the infinite spiral of non-cyclic 
temperament into a closed cycle of the requisite twelve notes, neither 
more or less. 

Equal temperament imposes a certain hardness due to no single 
chord ever ringing perfectly in tune. (Choral or string music can 
never be judged properly at the piano, which harshens some of it and 
deadens the rest.) Most Renaissance and Baroque keyboard music 
would sound better in mean-tone temperament (the exact choice of 
notes to be made available being determined by the remotest 
accidentals chiefly needed). 

TEMPERAMENT 

Bach's keyboard music probably calls, not for equal temperament 
( despite the legend that he sponsored it) but for a mean-tone 
temperament brought very near to equal temperament by sharpening 
(widening) its major thirds; and the same may be true of earlier ex­
periments in unrestricted modulation, though the principles and 
perhaps the practice of equal temperament were familiar to the 
Renaissance, if not to ancient Greece and still more ancient China.1 

Equal temperament, despite its very appreciable imperfection, is a 
necessary condition of keyboard music as we now practise it. 

1 J. Murray Barbour, 'Bach and the Art of Temperament', Mus. Quart., 
January 1947. See also Percy A. Scholes, Oxford Companion to Music, 1938 
etc., s.y. 'Temper3J!l~nt'; and consult LI. S. Lloyd's articles on Tempera~ 
me~tsm_the ~ edition ~1954) of Grove's Dictionary of Music and Musicians. 
This article 1s the most important recent treatment of the subject and is a 
classic of its kind. ' 

~ach's cel~brated Fo~-eight Preludes and Fugues in all twenty-four keys 
maJor and mmor, of which the first volume was published in 1722 under the 
title Das wohltemperierte Clavier (which may as correctly be rranslated 'well­
tuned' a~ 'we4-tem_pered' k~yboard), may have had a partial model in 
J. C. F. ~!Scher s 1nadne musica neo-organoedum of 1702, in nineteen different 
keys maior and mmor. Matheson used all the keys in his Organistenprobe of 
1719. Some extreme enharm~nic keyboard modulations by John Bull ( c. 1562-
1628) and others appear to imply completely equal temperament. But it is 
y,,orth remembering that there is one Renaissance and Baroque keyboard 
ms~_ent ?f whic:!1 th~ tuning is not ~ed rigidly, but is flexible enough to 
permit Just mtonauon 10 theory, and with skill perhaps in practice: namely 
the clavichord, Bach's reputed favourite. 
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Reading List 

The following is a short list of books to which in varying degrees I 
have myself been indebted, and which many readers may find 
valuable. English eds. cited; most also published in America. 

APEL, w. Harvard Dictionary of Music. (London, Foyle, 1944.) -
Despite the sprinkling of mistakes inseparable from a comprehensive 
and largely one-man survey of this kind, a remarkable achievement 
and an invaluable general work of reference. 

BAINES, ANTHONY. Bagpipes. (Oxford, Pitt Rivers Museum, 196o.) 
- A special study carried out with exceptional width of knowledge. 

BAINES, ANTHONY (Ed.), and BIRCH, ALBERT; BLADES, JAMES; 

BOYDEN, DAVID; BUNTING, CHRISTOPHER; GLUTTON, CECIL; DART, 

THURSTON; HALFPENNY, ERIC; HOWARTH, JAMES; MACGILLIVRAY, 

JAMES; MONK, CHRISTOPHER; PEGGE, MORLEY; PRYNNE, MICHAEL; 

RUSSELL, RAYMOND; SKEAPING, KENNETH; WACHSMANN, KLAUS. 

Musical Instruments. (London, Penguin Books, 1961.)- By far the 
most valuable popular survey of the field. I am not in complete 
agreement with all the statements made, but the standard is extra­
ordinarily high, for reliability, comprehensiveness, good editing and 
presentation. Excludes the human voice and gives no general account 
of acoustics nor any particular explanation in elementary terms of how 
the instruments work, why they sound different, etc.; but in com­
pensation for this, includes a large variety of instruments not men­
tioned by myself in the present book, and treats many of those I do 
mention at greater length than I have done. Anthony Baines contri­
butes a preface and a fascinating chapter (on Medieval and Folk 
Backgrounds) in addition to editing the volume, on behalf of the 
Galpin Society. I most strongly recommend my readers not only ~o 
read this important book, but also to become members of the Galpm 
Society to which it owes so much - as I do myself. 

BAINES, ANTHONY. Woodwind Instruments and their History. 
(London, Faber & Faber, 1957.)- Much the most valuable study in 
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the English, perhaps in any language. A great range of knowledge is 
combined with unusual imagination and sheer human curiosity. 
A book for scholars and above all for musicians. Particularly 
recommended. 

BARBOUR, J. MURRAY. Tuning and Tempel"ament. - East Lansing, 
Mich., 1951: by the most eminent specialist on this subject since 
Ll. S. Lloyd. 

BATE, PHILIP. The Oboe. (London, Ernest Benn, 1956.)-A first­
rate study by an expert and enthusiast. Particularly recommended. 

BESSARABOFF, N. Ancient European Musical Instruments. Preface 
by E. J. Hipkiss, Curator of the Department of the Decorative Arts 
of Europe and America. Foreword by F. W. Galpin. (Published for 
the Museum of Fine Arts, Boston, by the Harvard University Press, 
1941.)- This book is not arranged for easy reading; but the amount 
of accurate, detailed and fascinating information which it contains 
is prodigious. 

CARSE, A. Musical Wind Instruments: A History of the Wind 
Instruments Used in European Orchestras and Wind-bands from the 
Later Middle Ages up to the Present Time. (London, Macmillan, 
1939.) - Still a most valuable concise survey of this very tricky and 
important field. Some judgements are expressed from which I differ. 

GLUTTON, CECIL, and DIXON, LT-COL. GEORGE. The Organ. 
(London, H. Marshall, 1950.)-A fascinating survey of the greatest 
expert knowledge and presented with a high degree of musical insight. 
Particularly recommended. 

DART, THURSTON. The Interpretation of Music. (London, Hutchin­
son, 1954.) - Highly recommended on the relationship between 
instruments and interpretation. 

DOLMETSCH, A. The Interpretation of the Music of the Seventeenth 
and Eighteenth Centuries, Revealed by Contemporary Evidence. 
~London, Novello, 1915, 1944.)- Exactly what its title says, and an 
mvaluable guide for players, with much to interest the listener as 
well. 

DONINGTON, ROBERT. Articles in Grove's Dictionary of Music and 
Musicians (fifth ed., London, Macmillan, 1954), esp. on Baroque 
I~terpretation; Bow; Chamber Organ; Chest of Viols; Consort of 
Viols; Dolmetsch; Fingering; Frets; Harpsichord playing; Harpsi­
chord_ stops; Instruments ( - an attempt at a general classification); 
Phrasmg; Pianoforte playing; Violin playing; Violoncello playing. 
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DONINGTON, ROBERT. The Interpretation of Early Music. (London, 
Faber & Faber, 1962.)- A detailed investigation, based on con­
temporary evidence, into the most authentic and effectiv~ ways of 
performing early music, particularly of the Baroque period from 

Monteverdi to J. S. Bach., 
DORF, R. H. Electronic Musical Instruments. (New York, 1954.) 
EBY, R. L. Electric Orga:ns. (Wheaton, Illinois, 1953.) 
FORSYTH, c. Orchestration. (London, Macmillan, and Stainer & 

Bell, 1914 to 1944). -A standard English guide to orchestration, 
marred only by a few passing sneers at early instruments which the 
author, if he heard them properly played at all, heard with no friendly 
ear. See PISTON for a newer book of outstanding excellence. 

GALPIN, F. w. Textbook of European Musical Instruments: Their 
Origin, History and Character. (London, Williams & Norgate, 1937-
1946.) - Oear, free both from antiquarianism and the illusion that the 
new is necessarily better than the old: the work of a true scholar who 
also knows bis instrumenits practica1ly. 

GALPlN, F. w. Old English Instruments of Music. (London, 
Methuen 1910 1921, revised ed. 1932.) -An equally valuable and > > • 
more detailed study in a more restricted field. Was an outstanding 

pioneer achievement in its day. 
GALPIN SOCIETY JOURNAL, London, approx. yearly: full of 

articles of detailed interest with regard to musical instruments from 

many different points of view. 
GEIRINGER, KARL. M'usical Instruments: Their History from the 

Stone Age to the Present Day. Trans. Bernard Miall. (London, 
George Allen & Unwin., 1943.)- I cannot recommend this unre­
servedly, as I strongly disagree with sundry statements. But there 

is much of value. 
GROVE'S Dictionary o:f Music and Mi,sicians. Fifth edition, ed. 

Eric Blom. (London, Macmillan, 1954.) - Though still a little un­
even, this tremendous compendium is quite indispensable for 
serious work but it is le:ss essential for the average layman. 

HALFPEN~Y, ERI C • . Articles in GrO'lJe's Dictionary of Music and 
Musicians (fifth ed., London, Macmillan, 1954), on Bow; Soundhole. 

HARDING, R. E. M. The Piano-forte: Its History traced to the Great 
Exhibition of 1851. (Caimbridge, 1933.)- Now a little out of date 
with regard to the origins of the piano, but in other respects this book 
is definitive, and leave~; scant room for doubt. There is no better 
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study of the instrument, though its approach is perhaps a little dry 
for the ordinary reader. 

HAYES, G. R. Musical Instrutnents and their Music, 1500-1750. 
Vol. II, The Viols, and Other Bowed Instruments. With an Introduc­
tion by Arnold Dolmetsch. (Oxford University Press, 1930.) - This 
is a most reliable and helpful study of all the bowed string instru­
ments, including the violins, and cuts across a welter of previous 
misconceptions and misinterpre:tations. There is also a polemical 
Vol. I, The Treatment of Instrumental Music. Subsequent volumes 
were planned but did not appeair. 

HELMHOLTZ, H. L. F. On the Sensations of Tone as a Physiological 
Basis for the Theory of Music. T:rans. A. J. Ellis from third German 
ed. of 1870. (Longmans, Green & Co., 1875; first German ed. 1862.) 
- Long, detailed and stiff, but the indispensable starting-point for 
the serious student of musical atcoustics, and the foundation of all 
subsequent research, which has confirmed an astoundingly high pro­
portion of its conclusions. Helmholtz used simple apparatus and was 
in most ways a pioneer: but he was guided by a very wise philosophical 
understanding and bis whole :attitude was exactly right . In bis 
Chapter XIX, 'Esthetical Relati.ons' (pp. 563-78 in English ed. of 
1875), more good sense is packeid into fifteen pages than into most 
subsequent tomes of any length or date. A book to work through at 
leisure. 

HOWES, F. H. Full Orchestra. (Secker & Warburg, 1942.) - A very 
readable general survey which Jpays due regard to the underlying 
principles. 

JEANS, SIR J . Science and M11tSic. (Cambridge University Press, 
1943.) - A remarkably lucid exposition of the main facts of acoustics 
which bear on the musician's art, but slightly marred by over­
simplification. 

KINSKY, G. A. A History of Mt.1Sic in Pictures. Introduction by Eric 
Blom. (London, Dent, 1930.) - A superb collection of reproductions 
and photographs. I have occasional doubts about the names given 
to some of the medieval instruments shown: but that is not really 
Mr Kinsky's fault; there is no g1eneral agreement on the subject. 

LANG, P. H. Music in Westenz Civilization. (New York, Norton, 
1941.)-A remarkable 1,000-page, one-man history of music in its 
social context. Inevitably sometimes erroneous or misjudged, but 
a magnificent general conspectus. 
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LANGWJLL, L YNDESAY G. Articles in Grove's Dictionary of Mmic 

and Musicians (fifth ed., London, Macmillan, 1954) on Bassoon; 

Double Bassoon. 
LLOYD, LL. s. Mu.sic and Sound. Foreword by Sir Wm. Bragg. 

(Oxford University Press, 1937.)- Mr Lloyd's approach is exactly 

what one would wish: his science is impeccable, but he writes fust 

and foremost as a musician. As clear and readable as the subject 

permits: on balance the most helpful book for the layman. 

LLOYD, LL. s. The Musical Ear. (Oxford University Press, 1940.) 

- An invaluable companion volume to the above. 

LLOYD, LL. s. Articles in Grove's Dictionary of Music and Musicians 

(fifth ed., London, Macmillan, 1954) on Acoustics; Intervals; Just 

Intonation; Pitch, absolute; Pitch notation; Pitch, standard; Sound; 

Temperaments; Theory; Tuning; Tuning-fork: a series of linked 

studies which together form one of the most imponant contributions 

yet made to the subject. Highly recommended both to specialists and 

non-specialists. 
MILLER, o. c. Sound Waves. (New York,Macrnillan, 1937.)-Thc 

fascinating report of a piece of primary research. 

PEGGE, MORLEY R. The French Horn. (London, 196o.) - A very 

lively and informative study by a great expen and performer. 

Panicularly recommended. 
PISTON, WALTER. Orchestration. (New York, Norton, 1955.) -

Does not entirely replace FORSYTH (see), but takes a rather differ­

ent and in some ways more imaginative line. Particularly recom­

mended. 
REESE, GUSTAVE. Music in the Middle Ages, with an Introduction 

on the Music of Ancient Times. (London, Dent, 1941: previous 

American publication, 1940.) -A really reliable though stiff account 

of research into and knowledge of the medieval period of music, 

including, though not very fully, its instruments. 

RENDALL, GEOFFREY. The Clarinet. (London, 1954.) - Corrects 

many previous misapprehensions: a most imponant and valuable 

study. Particularly recommended. 

RUSSELL, RAYMOND. The Harpsichord and Clavichord. (London, 

I959.)-A most important and informative study. Recommended. 

SACHS, c. The History of Musical bzstn11nents. (London, Dent, 

1940.) - A concise narrative account; the subject is treated against 

an informative backgroW1d of general musical and social history. I 
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am not in agreement with every statement made, nor every conclusion 
dr:awn . 

.SCHOLES, P. A. Oxford Companion to Music. (Oxford University 

Priess, fifth edition, 1944.) - This most admirable volume will sit 

sidle by side with Grove on the specialist's shelf, including as it 

doe~ ~onsiderable information not in the larger work, and being, in 

adidinon, a model of easy reference. But it is pre-eminently a Com­

pruoion for the layman, for whom it is most skilfully designed to 

provide a maximum of information with a minimum of stodginess. 

A!Jmost invariably reliable. Particularly recommended. 

SEASHORE, c. E. Psychology of Music. (New York and London, 

Mc:Graw-Hill, 1938.) -An ambitious and uneven but imponant 

book, covering more ground than its title suggests; not to be missed 
by any serious student. 

. SUM_NER, w. L._ s. The Organ. (L ondon, 1952.)-A very full survey, 

mcluding both history and construction. Particularly recommended. 

1rERR:, c. s. Bach's Orchestra. (Oxford University Press, 1932.) 

- A . ~wte ~cellent study, based on the firmest respect for the 

mu.s1ctanship of Bach's day, and shedding a wider light than its title 
would suggest. 

WHITWORTH, R. The Electric Organ. (London, Pitman, 1948.) 

Woon, A. The Physics of Music. (London, Methuen, 1944, revised 

ed. 1962) -A stiffish but very useful text-book. 
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(Reference is not made to entries in the Glossary or the Reading List, since 
these are themselves alphabetically arranged.) 

Abel, Karl Friedrich, 65 
Absorption, 17 ff 
Aeolian harp, 79 
Aetherophone (etberophone), 144 
Agricola, Martin, 140 
Albert Hall, 16, 18 
Alto, male, 127, 158 
American organ (species of har-

monium), 130 
Ancia, contrabasso da, 107 
Anderson, Helen, xv 
Antinode (loop), 37, 39 ff, 43 
Anvil, r40 
Arch-lute, 75 
Asymmetrical drag, a cause of sub­

jective sounds, 22 
Auber, Daniel, 140 

Bach, C. P. E., 82, 86 
Bach, J. S., 59, 61, 63, 64, 70, 80, 82, 

85, 97, I02, II3, ll5, 120, 127, 
135, 149, 152, 154, 162, 189 

Bacon, Francis, 154 
Bagpipes, 47, 107 
Baines, Anthony C., xv 
Bandora (see Pandora) 
Banjo, 78 
Barbour, J. Murray, r86n, 1890 
Baritone (of bugle family), II4 
Baritone (the voice), !28 
Baryton, 64 
Basilar membrane, 19 ff 
Bass bar, 59 
Bass horn, n3 
Bass (the voice), 127, 128, 158 
Bass trombone, u8 
Bass-baritone, 128 
Basset horn, 106 
Basso cancante, 128 
Basso profu.ndo, 128 
Bassoon, 102 ff, 162 
Bassoon, double, 103 
'Bassoon', Russian (see Russian 

Bassoon) 
Bat's squeak, 3 
Bate, Philip, xv 
B.B.C., 4, 22 

Beats, 8 (Fig. 4), 25 ff, 141, 153, 183 
Bedbrook, Gerald S., i..'V 

Beethoven, Ludwig van, 29-30, 80, 
81, 88, 90, 91, u6, 165, 182 

Bell, the instrument, 7, I r (Fig. 16), 
41, 49, 51, 137, 141 ff 

of wind instrument, 41, 47, 49, 
100, IOI, 102, 106, III, II5, 
II6, II7, II9 

Bells, tubular, 141 
Berlioz, Hector, 138, 140 
Bessabaroff, N. A. (Nicolas Bodley), 

xv 
Biniou (Breton bagpipe), 107 
Bizet, Georges, 140 
Blandford, W . H. F., xv 
Blockflote (see Recorder) 
Boccherini, Luigi, 64 
Boehm, T heobald, 95 
Boehm clarinet, 105 
Bombard, Bombart, etc. (see Shawm) 
Bombardon (see Tuba, bass and 

Tuba, contrabass) 
Bombardone (great bass pommer), 

JOO 
Bosanquet's harmonium, 186 
Bourn, L. E. A., xv, 147 
Bow, of stringed instruments, 43-4, 

59, 60, 64-5, 71 
Bowls, musical, 137, 142 
Brahms, Johannes, u6, 154 
Brass band, 162 
Bratsche (see viola) 
Bridge, of violin, changes in, 59 
Bugle family, 113-14 
'Bugle', key (see Key Bugle) 
Bull, John, 1890 

Carillon, 142 
Carse, Adam, xv, u8 
Carte, Rudall, 96 
Castanets, 140 
Castrato, 126, 164 
Celesta, 142 
Cembalon, 79 
Chamber organ (see Positive) 
Cinema organ, 136 
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Cittern (cithem), 77 
Clackers, clappers, 137, 140 
Clarinblasen, on trumpet, n9 
Clarinet, 9 (Fig. 7), 12 (Fig. 17b), 

13, 40, 103, 104-6, 120, 129, 
150, 155, 162 

Clarineno d'amore, 1o6 
Clarine (trumpet), u9-20, 121 
Clarseach, 78 
Clavicembalo (see Harpsichord) 
Clavichord, 45, So ff, 86, 88, 145, 

149, 152, 153, 189 
Glutton, Cecil, 132 
Combination tones, 22-3 
Comma, 184 ff 
Compton Electronic Organ, 14, 53, 

144, 145, 146 
Conical pipes, 40, 49 
Consonance, 24 ff, 31, 183 
Consort of Viols, 65, 153, 157-8 
Contra-basso (the string double-

bass : see Double-bass) 
Contra-basso (the voice), 128 
Contrafagano (see Bassoon, double) 
Contralto (the voice), 127, 158 
Cor anglais (English horn, tenor 

oboe d'amore), 102 
Comet (comopean, etc.), u7 
Cornett (zink, etc.), 111-13, r58, r6o 
Cornettino, II 1 
Comone, III 
Cornopean (see cornet) 
Couesnon, II3 
Counter-tenor, 126, 128 
Coupled acoustic system, 38, 39, I 12 
Cristofori's pianos, 86 
Croix sonore, 144 
Crooks, 49 
Cross-fingering, 46, 96, 98 
Crwth,72 
Curtal (see Bassoon) 
Cylindrical pipes, 39 ff, 49 
Cymbals, 137, 139 

Dart, R Thurston, xv 
Deller, Alfred, 128 
Diesis, 184 
Difference tones, 23 ff, 40, 41 
Dissonance, 24 ff, 31, 183 
Dolmetsch, Arnold, xiv, 6r, 97, 100, 

II3, I31 
Dolmetsch, Carl, 97 
Double-bass, 62- 3 
Dowland, John, 77 
Drum, 50, 138 ff, 16o, 162 (see also 

Kettledrum) 
bass, 41, 138 
machine, 138 

pedal, II8 
side, u8 
tenor, n8 

Dulcimer, 79 
Dulcitone, 142 
Dynaphone, 144 

Ear-drum, 19 
Ear-trumpet, 19 
Edge tone, 38, 41, 45, 50, 93 
Electric fire, harmonic series uttered 

by, 15 
Electric guitar, 145 
Electronic instruments, 14, 41, 52-3, 

144ff 
Electrotonic (see Electronic instru-

ments) 
Elgar, Edward, 138 
Emicon, 144 
End correction, 40 
English 'horn' (see Cor anglais) 
Euphonium (see Tuba, tenor) 

Factitious notes (forcing), u3, 117 
Fagon, fagotto, etc. (see Bassoon) 
Falsetto, 128, 158 
Fipple flutes, 93 
Fischer, J. C. F., 189 
Flageolet, 98 
'Flageolet-tone', 37 
Flue, 38, 45, 132 
Flugel-hom, 114 

Flute, 4, 9 (Fig. 6), r3, 38, 93 ff, 103, 
150, 16o, 162 

alto, 95 
bass, 95, 96, 103 
beak, common, direct, echo (see 

Recorder) 
transverse, 94 

Flute d'amour, 95 
Fli'.lte douce (see Recorder) 
Formants,35-6,38, 46,50, IOI, 105, 

106 
Forqueray, 70 
Free vibration period, 35, 38 
French horn (see Hom) 
Frequency, 2 ff, 41, 52 
Fret, 63, 68, 74, 76, 77 
Fugal texture, 151 
Fundamental, S, 12, 13, 15, 20, 23 ff, 

37, 48, 98, IOO, Io6, I09-IO, 
II2, II9, 141 

Galpin, F. W., 1120 
Galpin Society, xv 
Geiringer, Karl, 1300 
Gimping, 37 
Givelet-coupleux organ, 144, 145 
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Glasses, musical, 142 
Glockenspiel, 140, 142 
Gluck, Christolph W. von, 97, 164 
Goble, Robert, 97 
Gon.g (tam-tam), r37, 142 
Gough, Hugh, xv 
Gounod, Ch. Fran~ois, 140 
Gramophone, 42 
Gravicembalo (see Harpsichord) 
Guitar, 76 ff 

electric (see Electric guitar) 
Guthrie, W. A., xv 

Halfpenny, Eric, xv 
Hammer action, 86 
Hammond Organ, 52, 145 
Handel, G. F., 61, 62, 97, I 15, 120, 

130, 142 
Hand-stopping, on the horn, 116 
Hardy, Thomas, 79, Il3 
Harmonic, 16 ff, 36, 37, 43 ff, 47 ff, 

88 ff, 91, 98, 99, 100, 105, 106, 
109-10, 121, 123, 124, 146 

artificial, 37, 44 
natural, 15, 371 44, II2 

Harmonic series, 6 ff, 13, 14, 37, 48, 
79,115 

Harmonics of the note C, 12 
Harmonium, 50, 130, 186 
Harp, 12 (Fig. 17a), 78 ff, 154, 162 
Harpsichord (clavicembalo, etc.), 

81, 82 ff, 86, 88-9, 130, 134, 
149, 152, 153, 155, 161, 163 

Hautboy, Hoboy, etc. (see Shawm, 
Oboe) 

Haydn, Joseph, 61, n6, 130, 163 
Hayes, Gerald R., xv 
Hearing, mechanism of, 19 

subjective factors in, 2, 21 ff 
Heckel, Wilhelm, 104 
Heckelphone, 102, 120 
Heldentenor (tenor robusto), 128 
Hellertion, 144 
Helmolrz, H . L. F. von, 22 
Highland pipes, 107 
Hillier, F ., xv 
Holme, Randle, n3 
Horn, 10 (Fig. ro), 49, ur, rr2, 

IIS ff, ll8, 150, l54, 162 
double, u6 
English (see Cor anglais) 
Flugel (see Flugel-horn) 
French, 14, us 
German, u6 
hand (natural), u5, 119, 155 
tenor (see Tenor horn) 
valve, u6, 155 

'Horn' , bass (see Bass horn) 

Hough, John, xv 
Hunt. Edgar, xv 
Hydraulus (water-organ), 129 

Intervals, ratios of, 26 ff, 183 ff 

Jack action, 81 ff 
Jeans, Sir J., 1o6 
Just intonation, 186 
Just scale, 186 

Kettledrum, 3, 41,137,138, 139, 162 
Key bugle, rr3 
Keyboard, 4S, SI, 52, 8o ff, 129, 130, 

131, 132, 134, 142, 158, 181, 
186, 187 

Keys, on wind instruments, 45, 94-6, 
100, 102, 1o6 

Kit (pocherte), 64 
Kosleck, Julius, 121 

Langwill, Lyndesay G., xv 
Lewer, S. K., 1440 
Lip tone, 48 
Lloyd, Ll. S., xv, 1410, 1860, 1890 
Lute, 72, 74 ff, 86, 130, 149, 152, 

153, 154, 155, 158, l6o 
Lyra da bracchio (for Lyra viol see 

Viol, lyra), 71, 72 
Lyra da gamba, 71 
Lysarden (see Serpent) 

Mahillon, Victor C., 102 
~er, _Gustav, 59, 127, 165 
Maior tnads beat less than minor, 21 
Mandolin, 77, 78 
Mandora, 77, 78 
Marais, 70 
Marimba, Marimba gongs, 140 
Mattheson, Johann, 62n 
Melody, conditioned by harmony in 

West but not in East, 33 
Mendel, A., 1820 
Mendelssohn, Felix, 138 
Menke, Werner, 121 
Menuhin, Yehudi, 18 
Mersenne, Marin, 100, u3 
Mezzo-soprano, 127 
Miller, Drayton C., xv, 101n, 105n, 

Io6n 
Minor triads beat more than major, 21 
Monteverdi, Claudio, 55, 78, 164 
Morrow, Walter, 121 
Mouthorgan, 130 
Mouthpiece, 49, 93, 100, 105, no, 

III, I14, 115 (Fig. 25), II?, ll9 
Mozart, W. A., 61, 63, 97, 105, 120, 

130, 142, 163 
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Musette, 107 

INDEX 

Mutable notes, 185, 186 
Mute, string instruments, 44 

wind instruments, 47 

Natural harmonic series (see Har-
monic series) 

Neo-Bechsteia piano, 145 
Node, 37, 39, 43 
Noise, an inharmonic compound, 

3 ff 
North, Roger, II3 
Note, deepest audible, 3, 24 

highest audible, 3 

Oboe, 9 (Fig. 8), I3, 100 ff, 102, 1031 

105, 106, 150, 162 
tenor (tail.le), ro2 

Oboe da caccia, 102 
Oboe d'amore, IOI, 102, r(>3 

tenor (see Cor anglais) 
Ondes musicales, oodium 1man:enot, 

144 
Opera, 164 
Ophicleides, 113, n4 
Orchestra, II (Fig. 15), 160 ff 
Organ, 3, 4, 34, 50, I 13, 12,9 ff, 149, 

153, 154, 161, 181, 186 
electrophonic, 52, 144, 145-7 

Orgatron, 145 
Orpharion, 78 
Overblowing, 48, 98, 100, 102, 105, 

Io6, I07, IIO 

Palestrina, G. da, 127 
Pandora (bandora), 77 
Pardessus (see Viol, pardes!.us) 
Partial, 5 ff, 12, 139, 141, 146 
Partials, iabarmonic, 5 ff, 13, 41, 44, 

51, 89, 139, 141, 146 
Partiturophone, 144 
Pegge, R. Morley, xv 
Penny whistle, 98 
Pepys, Samuel, 98 
Persia, Shah of, the legendary, 48 
Piano, 3, 10 (Fig. 13), 13, 14, 19, 74, 

80, 81, 86 ff, 149, 152, 153, 155, 
16o, 163, 180, 185, 188 

Piccolo (the recorder), 97 
Piccolo (the transverse flute:), 95, 97 
Pipe, three-holed (pipe and tabor), 98 
•Pirouette' (on shawm), 100, 
Piston, on wind instrum,~ts (see 

Valve) 
Pitch, affected by temperature, 18 
Plectrum, 76, 77, 84, 86, 88, 
Pocbette (see Kit) 
Poliphant, 78 

Pommer (see Shawm) 
Portative (portable organ), 129, 130 
Positive (chamber organ), 129, 130 
Posthom, u7 
Praetorius, Michael (Schulz), 97,100 
Principale ( trumpet), 120 
Prynne, Michael, xv 
Psaltery, 79 
Purcell, Henry, 59, 97 
Pure scale, I 84 ff 
Pythagoras, 140 

Querflote (see Flute) 
Quinton, 64 

Rangertone., 144 
Rartle, 140 
Rebec, 55, 72, 73 
Recorder, 38, 93, 96 ff, 150, 158, r6o 
Reed (arundo donax), 47, 102, 104 
Reed tone, 39, 41, 45, 47, 50, 99, 

105 
Reflection, 16 
Refraction, 19 
Regals, 129, 130 
Rendall, F. Geoffrey, xv 
Resonance, 1, 17 
Resonators, .20 ff 
Reverberation, 16 ff 
Rimsky-Korsakov, Nicholas, 12r 
Rosenkavelier, Der, 142 
Russian bassoon, I r3 

Sackbut (see Trombone) 
Sarrus, 106 
Sarrusopbone, 1o6 
Saunders, A., 36 
Sax, Adolphe, 106, II4 
Saxhoms, u4 
Saxophone, 9 (Fig. 9), 14, 1o6 ff, u4 
Scbalmele, schalmey, Schalmuse, 

etc. (see Shawm) 
Scholes, Percy, 1440, 189n 
Schonberg, Arnold, 150 
Schubert, Franz, 138, 155 
Schweitzer, Albert, 6o 
Segovia, 77 
Serpent (Lysardeo), n2 ff 
Shawm (pommer, bombard, schal-

mcy, wait, etc.), 99 ff, 100, 160 
Sibelius, Jean, 109 
Simpson, Christopher, 70 
Sine curve, 8 (Fig. 1) 
Snares, snare-drum, 138 
Sopranino (the recorder), 97 
Soprano, boy, 127, 158 

male, castrato (see Castrato) 
(the female voice), 127, 158 
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Sound, a subjective matter, 2 
loudness, 17, r8 
speed, 18 

Sound-post, 73 
Speaker hole, 4r, 48, 100, ro6 
Speaking-tube, 19 
Spherophone, 144 
Spinet, 83 
Squeaks, of bats, 3 

OD violin, 4 
Stevens, Denis, 128n 
Strauss, Richard, ro2 
Strauss, Richard, Der Rosenkavclier, 

142 
String Quartet, 153, 156 ff, 159 
String tone, 36 ff, 43 ff, 5S ff 
Subkootrafagott, 104 
Summation tones, 23 

Tabor, 98, 139 
Tambourine, 139 
Tam-tam (see Gong) 
Tangent action, 80 
Telephone, does not transmit funda­

mentals, 23 
Temperament, 8 (Fig. 3), 146, 153, 

183 ff 
effect on pitch, 18 
equal, 146, 153, 180, 183 ff 
just, 1860, 187 
mean-tone, 187-8 
unequal, 188 

Tenor horn, u4 
Tenor (the voice), 127, 128, 158 
Tcnoroon, 104 
Theorbo, 75 
Tberemin, thereminvox, 144 
Thompson-Allen, A., xv 
Timbre (tone-colour), 5, 7, 13, 14, 

16, 35-6, 41, 43 ff, 49, so, 52, 
55, 65, 68, 73, 85, 88 ff, 94, 99, 
101, 103, 104, ro6, 108, 109, 
121, 126-7, 128, 132, 138, 145, 
146 

Tone, compound, 4 ff, 6, 12, 22 
pure, 4 ff, 12, 14, 22 

Tone-colour (see Timbre) 
Tourte, Francis, 64 
Transistors, 52 
Trautonium, 144 
Triangle, 139 
Trombone (sackbut), ro (Fig. n), 

12 (Fig. I]C), 14, 48, II I, II4, 
Il7 ff, II8, 162 

Trombone, valve, n8 
Trumpet, 14, 49, III, II7, n8 ff, 

16o, 161 
Bach (so-called), 121 

natural, u9 
slide, 120 
valve, 120 

'Trumpet', bass (see Bass trumpet) 
Trumpetmarine(Tromba marina), 37 
Tuba, II4 ff, n8, 162 

bass (bombardoo), 114 
contra-bass (bombardoo), n4 
sub-bass and sub-contra-bass, ll4 
tenor (euphonium), II4 

'Tubas', Wagner (see Wagner tubas) 
Tubophone, 140 
Tubular bells (see Bells, tubular) 
Tuning fork, 4,8 (Figs. 1-5), 139, 142 

Uilleann pipes, 107 
Ukelele, 77 

Valves, thermionic, 52 
Valves on wind instruments, 49, u4, 

n5, u8, 120, 121 
Vaughan-Williams, Ralph, 106, 162 
Verdi, Giuseppe, 140 
Vibration, air-column, 38 ff 

longitudinal, 7, 38 
membranes, 41, 50 
periodic, 13 
rate of (see Frequency) 
solids, 41, 51 
source of sound, I, 5 
strings, 36 ff, 43 ff, 63, 68 
sympathetic, 19, 75, 90 
transverse (lateral), 7, 36 

Vibrato, 81 
Vierling violin, 145 
Vihuela, 76 
Vincent, Maurice, xv 
Viol, 65 ff, 72, 74, 75, 96, 153, 154, 

155, 157, 16o 
alto, 69 
bass (see Viol da Gamba) 
lyra, 71 
pardessus, 71 
tenor, 69 
treble, 68 

Viola, 60, 73, 150, 156, 157 
Viola da braccio, 73 
Viola da gamba (bass biol), 62, 69, 

73, 150, 152, 154, 162 
Viola d'amore, 64 
Viola da Spalla, 64 
Viola di fagotto, 64 
Viola pomposa, 64 
Violin, 10 (Fig. 12), 14, 55 ff, 65, 71, 

72-3, 74, 75, 149, 150, 152, 153, 
154, 155, 156, 157, 16o, 161, 
r62, 163 

contralto, 64 
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Violin (cont'd) 
tenor, 6l, 156, 157 
treble, 58, 69 

Violino piccolo, 63 
Violoncello, 61-2, 69, 70, 150, 156, 

157, 162, 163 
Violoncello piccolo (violoncello alto, 

violoncello 'a cing acordes'), 64 
Violone, 62, 70, 157 
Virginals, 83, l 54 
Vivaldi, Antonio, 163 
Vocalization, 123 
Voice, 11 (Figs. 14- 15), 49, 123 ffi 

150, 155, 157, 164-5 

Wagner, Richard, 59, 109, u4, u8, 
124, 153, 164 

Wagner tubas, u4, 140 
Waits (see Shawm) 
Wellesz, Egon, xv 
Wind band, 162 
Wind, causes refraction, 19 
Wind-machine, 140 
Witt, Sir Robert, xv 
Wolf, in mean-tone temperament, 

187, 188 
Wurlitzer electrotonic piano, 144 

Xylophone, 140 

Zink (see Cornett) 
Zither, 79 
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