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INTRODUCTION
Bv EDWARD ]. DENT

Music is, of all the arts, the most universally practised,
the most complex and elaborate in its technique, the most
direct in its emotional appeal and at the same time the
least understood. The ordinary person hears music and
is moved by it, but has often very little idea of the principles
which heve guided its composition. The trained musician
may have made a thorough study of technical methods in
composition, but yet have no knowledge either of the
physical basis of music or of the philosophical reasons
underlying accepted technical principles. There are
various questions which any person interested in music
may reasonably ask, but to which no satisfactory answers
have as yet been given. What does music mean ! What
is the composer trying to express? What does music
express to the listener ? Why is one kind of music con-
sidered good and another bad ?

The whole science of msthetics, of which the science
of musical ssthetics is only a part, is still in a very contro-
versial condition, It is only within the last two centuries
that sesthetics has been recognised as a definite branch of
philosophical investigation. The tendency of almost all
philosophers has been to regard it as a subordinate matter
which had to be fitted, as best it could be, into a pre-
conceived system of metaphysics and ethics. Music took
much the same place in ssthetic investigation as asthetics
did in the general philosophical scheme. The philosophers
started naturally with poetry, architecture, painting or
sculpture, because those arts appeared to bear a more
direct relation to practical life. It was & natural tempta-
tion to formulate principles which seemed satisfactory as
egards the plastic arts or poetry and then to apply these
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principles to the art of music. In more recent years it
has been suggested that it is absurd to treat all the arts
as being alike and to attempt to apply the same laws
to each. A few writers have held indeed that if any
philosophy of the arts is possible it ought to be derived
primarily from the art of music, because music is of all
the arts the most completely independent. Poetry deals
with words and thercfore with the ideas which words
express ; architecture is founded upon practical utility ;
painting and sculpture seck to represent natural objects.
Music does none of these things. Ai the presens day there
are many who would refuse ualtogether to admit that
painting and sculpture seek to represent natural objects;
analogous views are held about poetry and very possibly
about architecture as well. The philosophy of music has
certainly influenced the philosophies of the other arts,
although when we come to investigate the philosophy of
music we shall have great difficulty in discovering any
principles that can be accepted with a sense of security.
Musicians as a rule have little or no interest in philosophy.
They have at various times attempted to give an account
of the process of composition, and more often have
attempted to explain in words the significance of their
musical works ; but it would be most unsafe to regard
these pronouncements as statements of scientific fact.
The trouble with the philosophers is that they seldom
have a very far-reaching knowledge of music. Edmund
Gurney’s book The Power of Sound (1880), one of the most
penetrating and suggestive attempts at an explanation of
what music is. illustrates the nsual limitations of the culti-
vated amateur. Gurney takes his illustrations almost
entirely from the first half of the nineteenth century.
Music for him meant Beethoven and Schubert and very
little else. But a philosophy of music which is to be of
any value must deal honestly with the music of all periods
and all countries, We are accustomed to think of European
or Western music as a thing apart— indeed as the orly form
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of musieal art which deserves respect. It is true that from
the early Renaissance down to the present day, Western
music has developed exclueively on ite own lines; but in
our own time musicians are seeking contact with non-
European music, and in the Middle Ages the musieal
centact between East and West was close and continuous.
Writers on poetry and painting are much more ready than
are the musical writers to take a comprehensive historical
view of their art.

Taking the word philosophy in its broadest sense, a
philosophical study of music must include an investigation
of the means by which musical sounds are produced and
propagated, in other words the science of acoustics, which
is a branch of physics; of the means by which music is
heard by the human ear, which is a question of anatomy
and physiology ; of the mental impressions produced by
music, which in the first place is part of the study of
experimental peychology ; and lastly of the principles
which have guided musicians in the pursuit of musical
composition and musical performance as an art.

Dr. Pole’s book was written, he tells us, with the object
of instituting “a philosophical inquiry into the general
structure of musie, in order to ascertain how far it was
based on physical data, or how far it had been the result
of wmsthetic or artistic considerations.”” He arrives at the
conclusion * that although the fabric of music hss its
foundations laid in natural phenomena, yet its super-
structure is almost entirely a work of art.” It must he
remembered that when Dr. Pole first delivered his lectures
on the philosophy of music in 1877, the word philosophy
was used in a sense which has now hecome obsolete.
Philosophy in those days was divided into natural phil-
osophy and moral philosophy. The first of these two
categories is nowadays in common parlance given the
name of science, or matural science; moral philosophy,
or, a8 it is sometimes called, moral science, has for most
people monopolised the title of philosophy. Dr. Pole’s
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book is therefore occupied to a large extent with purely
physical investigations. He bases himself on the results
obtained by Helmholtz, whose object 1t was to discover a
physical and physiological basis for the theory of musie.
Considering that Helmholtz was by profession a man of
science—he practised as an oculist—his historical outlook
on music is astonishingly wide ; it ia indeed far wider than
Pole’s, at any rate as far as we may judge from the book
before us. It is, however, probable that Pole, lecturing to
a popular audience of English music-lovers in 1877, thought
it wiser to limit his musical illustrations to such works as
might be expected to be generally familiax. When he
comes to discuss the artistic arrangement of the musical
material provided by nature, Pole summarises the views
of various musical theorists, but with a truly scientific
wariness observes that their theories, * instead of estab-
lishing any useful and trustworthy foundation for practice,
have served only to promote endless and acrimonious
controversy. Instead of helping students on in their way,
they have thrown stumbling-blocks and pitfalls in their
path. The very name of theoretical harmony conveys
to musical students nowadays an idea absolutely repulsive,
not only on account of the complication it is made to
involve, but from the feeling that the information, when
gained, is unsatisfactory and untrustworthy, and of very
doubtful practical use.”

It is & very remarkable fact that this book, which bears
the impress of its original date on almost every page,
should still be readable, with pleasure and with profit
half a century after it was written. What makes it
readable is not so much the actual information which it
containg, ag its admirable literary atyle and the invariably
sceptical and scientific temper of the author’s mind. The
modern reader comes with a shock upon the following
sentence, which occurs towards the end of Pole’s concluding
chapter :

‘* This reqult [£.e. Pole’s contention that music is ‘almost
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entirely a work of art’), differing so essentially from the
ideas heretofore generally held among musical men, can
hardly be expected to be received by them without hesita-
tion, The idea of the necessary natural origin of all
musical forms and rules, groundless as it is, has taken such
firm hold, that it cannot be eradicated quickly.”

Readers of the present generation can safely accept
Pole’s acoustical chapters as clear statements of established
physieal facts, but it is quite superfluous to suggest that
they may disregard his rules of composition, for at the
present moment it is pretty generally understood that
all “rules of composition” have been abrogated. Pole
indeed foresaw this himself. He lived in a pedantic age,
and it is greatly to his eredit that, in spite of & natural
tendency to respect suthority, he fully realised that no
rules of composition could be permanent. At the same
time his musical outlook is undoubtedly coloured by the
predominant theories of his own day. Music for him
is adequately represented by what we call the classica—
the period from Bach to Brahms. Handel, -Mozart and
Beethoven are the composers to whom he most frequently
alludes; Wagner is never mentioned. The passage of
time has, as a matter of fact, made very little difference
to the reputations of the composers for whom Pole pro-
fessed respect. But the reader must be warned that the
musicians of the nineteenth century, both theoretical and
practical, attached an importance to harmony which to
us nowedays appears greatly exaggerated. Pole explains
in Chapter XV. the difference between the * horizontal
and the * vertical ” view of music. His own age was very
definitely “ vertical.” As he says himeelf, *“ Harmony,
instead of being, as formerly, a subsidiary effect arising
out of vocal part-writing, became what it is now—a most
prominent independent feature of music, to which counter-
point, when used at all, is merely anciflary.” Pole knew
from his studies in musical history how music had passed
from the horizontal stage to the vertical, but he naturally
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could not foresee that a reaction was shortly to set in and
that the new century would bring a definite movement
towards the horizontal style.

The reader must therefore not seek in Pole’s book
any explanation of the musical system of the present day.
It was never intended to be a text-book of harmony
and counterpoint, and must not be regarded as such.
But we have not yet thrown the classics entirely over-
board. We still hear and enjoy the musie of the nineteenth
century, however different it may be from that which
composers are now writing ; and as long as the music of
the classical period is performed, it iz desirable that
musicians should understand the system on which it was
written, even though they may have no desire to write on
that system themselves. The present age has hardly had
time to evolve a eystem. It will be the function of theoriats
to codify principles when composers have matured and
consolidated the musical language of our new century.
Pole’s book can be read with profit because it presents a
systern in scientific and lucid language. ¥t shows us what
a system can be, and at the same time shows how a strictly
scientific mind may eriticise it, The modern reader may
not find much use in Pole’s summary of the rules of
harmony and counterpoint as practised in the nineteenth
century, but he will find endless delight in hia obuer dicta.

Pole sets a valuable example to any one who might set
out to write & * philosophy of music * from the standpoint
of the present day. Those fascinating questions as to what
music expresses and how it can best express that unknown
quantity cannot be answered except by strictly scientific
investigation. To say that modern music consists of
“the juxtaposition of unrelated somorities” i no more
illuminating than to describe it as * the speech of angels.”
The difficulty of the subject is increased by the enormous
ares of the fields of research which have to be covered,
Various writers have attacked the problem from different
points of view, hut most of them seem to have had no idea
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of seeing it as & whole. One will treat very suggestively
of the psychological development of the musician’s mind
from infancy to maturity, but will rely for his facts upon
a musical dictionary which more recent historical research
has shown to be full of errors. Another will ask a hundred
people to listen to a cerfain piece of music and then com-
pare their impressions, Bome see visions, others do not,
and the wrifer concludes that the * visionaries * are more
susceptible to music than those who are “blind ”; un-
fortunately it generally turns out that the ‘‘ blind ” are
trained musicians, while the * visionaries ”’ are compara-
tively ignorant in musical matters. There are people who
take pleasure in the music of a past century and attempt
to demonstrate that it is expressive of the spirit of its age.
No doubt it is so in fact, but the picture of the particular
age which is present already to the minds of these listeners
is often purely imaginary and bears little relation to
established facts of sociology. Another investigator of
more scientific temper will test subjects, musical and
unmusical, as to the pleasantness or unpleasaniness of
gingle sounds, apparently forgetting that music consists
not entirely of single sounds but of the relations between
them.

The true musical philosopher will have to take all these
studies into consideration and co-ordinate them. Each
by itself may be of little importance, but when they are
fitted into their proper places they will help to complete
the picture. The musicians of Dr. Pole’s day were brought
up in strict obedience to tradition. In even the most
remarkable examples of genius it can be observed that
tradition, the influence of music previously heard by them,
was at times stronger than the creative instinet which
sought to find s direct expression of new emotional ex-
perience. A later age, revolting naturally against the
tyranny of tradition, has often striven to break completely
with the past, and to avoid at all costs giving any sign of
acquaintance with the music of the previous generation,
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The historian, observing contemporary music in relation
to the history of musie as & whole, can sympathise all the
more cordially with the revolt, becanse he has watched
it on sc many previous occasions. He knows that any
go-called “ transition period ” may be viewed from two
different angles: one student will coneentrate attention
on the symptoms of change, another will demonstrate the
underlying continuity. The historian knows too that the
academic tradition against which the young composers are
revolting is & thing of quite recent origin, not more than
a century or two old. The rebels indeed show it meore
reverence than it deserves.

There is a good deal to be said for the modern musicians’
thesis that music must express the spirit of its time and
be & product of direct emotional vision, bearing no relation
whatever to academic tradition. It is by no means mere
vanity that makes the young composer tell us that when
we listen to hiz works we must forget that Beethoven ever
existed, But even though we may, as private persons, he
only too glad to forget Beethoven, the world around us
will not allow us to do so. Whether we enjoy the classics
or not, the world of musical sounds is littered with their
débris. The history of musie involves not merely the
biographies of men of genius, but the history of vulgar
music as well. Not only to-day, but yesterday and for
centuries back, the men of genius have been all but
smothered in the dust of all that dreary and uninspired
rubbish which the musical historian is obliged to sift, as
the political and social historian sifte the more material
rubbish heapa of Egypt or Asgyria. This ancient dust of
music still befouls and blocks our ears, because the majority
of people are content with half-hearing what they have
half-heard before, in preference to making a deliberate
intellectual effort to appreciate what has just sprung
fresh from the brain of a living artist. The ordinary
music-lover may see little in common between Purcell and
Stravinsky, but the serious student of musical historv
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soon finds that rebellious genius makes very little difference
to the general stream of the world's music, in spite of the
fact that the language of music has always been subject
to more constant change than even the language of every-
day life,

It is easy enough to demonstrate that all systems of
nsical msthetics amount ultimately to no more than
the doctrine that what the particular author happens to
like is good and that what he does not like is bad ; and if
this conclusion be accepted it is natural to take the view
that investigation is more profitably made on the musical
sensibilities of the untrained and ignorant than on the
musical experiences of those who have been ‘ corrupted
or “ prejudiced ” by too much learning. This is hardly
a view which Dr. Pole would have shared. Nor need we
condemn him as a pedant devoid of poefic appreciation,
for we may find the same point of view expressed almost
a hundred years earlier by a compeser who was one of the
first exponents of romantic opera--Méhul. Dedicating
hix opera Ariodant to Cherubini, he observes :

“La musique est de tous les arts le plus généralement
cultivé, le plus universellement aimé, et cependant le moins
connu dans les causes qui produisent ses plus grands effets
dramatiques. De li vient que tout le monde en parle
et que peu de personnes en raisonnent juste. Les uns
s'égarent en lui accordant trop, les autres s’avenglent en
lui refusant tout.

“ 81 tous ceux qui aiment ce bel art étaient moins ses
amangs que ses amis, et quils voulussent se donner la
peine de I'approfondir avant de le juger, ils seraient bientbt
d’accord, et nous ne serions plus témoins des querelles
interminables qui les divisent ; mais soit orgueil ou paresse,
les hommes aiment mieux disputer que #’instruire.”

EDWARD J. DENT.
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THE

PHILOSOPHY OF MUSIC.

CHAPTER L
INTRODUCTION.

As thig work is intended to treat of 2 branch of musieal
knowledge at present but little studied, it will be desirable
to explain, somewhat fully, at the outset, what is meant
by its title.

Mousic ia peculiar among the fine arts, in that i¥ requires
gpecial and very elaborate provisions for its presentation
to the world, The painter and the sculptor have no
socner put the finishing touches to their works than they
are ab onee in a state to be understood and appreciated,
The poet and the author require but a printing press to
render fully intelligible the ideas they have to convey,
But the lzbours of the musical composer are, when be
has completed them, only a mass of useless hiercglyphics
until he can get them ‘interpreted and made kunown by
the process we call performance.

This condition has created & definite branch of the
musical art for its due fulfilment. The performance of
eusic has become, in the present day, a most compre-
heusive thing. It not only requires the manufacture of

musical instruments of complicated and scientific con-
A
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struction, but it also demands, in order to execute musie
effectively and properly, an amount of skill and excel-
lence in the performers which can only be acquired by
years of hard practice and study.

It is to the performance of music that by far the
greatest share of aftention is directed. Whenever music
becomez & matter of public interest, as in comcerts and
operas, performance is the principal attraction; nearly
all the eminent muaicians whom the public know, they
know only as performers; and the great mass of musical
teaching and learming that goes on in private has per-
formance in view, and nothing more,

This is all very well, and it is an excellent thing
that the pleasure of music can be, and is, so widely dis-
tributed. But it must be remembered that there is
something antecedent to the performance of musie, that
is, its composition. It i8 to be feared that the great
majority of performers, both amateur and professional,
think and care but little about this; they are content
to take music as they find it, without troubling them-
selves a5 to how it has been made. They are much
to blame; for though they may never wish to become
composers, a knowledge of the structure of music is of
the greatest advantage, not only in puiding ita perfor-
mance, but in increasing generally the enjoyment it is
capable of affording,

Now when a student wishes to go beyond the practical
performance of musie, and to learn something of compo-
gition, he is said to enter upon what is called * Theory.”
The expression “Theory of Music” is a very common
one, and, in strictness, may have a wide meaning; but
it iz much parrowed in its ordinary acceptation, and
is understood by different classes of people in different
ways,

The first and most elementary theoretieal instruction
usually given is in what is called “Thorough Bass™ or
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“Harmony,” This consiats of some general notions and
rules abont the nature and arrangements of chords, con-
veyed often in a form so complicated and difficult as to
be very unatiractive and unsatisfactory to the learner;
and yet this is all that the great majority of students
ever get to know about musical theory.

But we may go a step further. Suppose a student
has some ambition te¢ become a composer, and wishes to
know how to write music creditably. He must then, in
addition to the thorough bass or harmony course, study
many other things, such as counterpoint, form, the art
of instrumentation, and so on. This knowledge, which
is very difficult to obtain, is learnt partly from the tuition
of accomplished professors and partly from books; but
chiefly by the assiduous and cereful study of the works
of the best composers. It then constitutes what ig
ordinarily considered “theory” in its highest develop-
ment, a8 it comprises all the theoretical training availabla
in the usual course of musical instruction.

No doubt such knowledge, when well acquired, is calcu-
lated to answer its purpose, and is sufficient to satisfy
the wants of the would-be composer in a practical point
of view. But it is doubtful how far the word ¢ theory”
ig justly applicable to the kind of knowledge in question,
which is, after all, essentially practical, formed entirely on
observation and imitation of what has been done before,
with very little reference to the reason why. The student
has acquired the eonviction that he must do so and so,
because he finds Bach, Handel, and Mozart have done
so and so; but his theoretical ingight goes no further,
What he has learnt is not really the Theory of Musie,
but the Arb of Composition. It is very customary to call
this « S.ience,” and there is no objection to the term, pro-
vided it be understood to mean practical science, implying
simply the knowledge how to do an important and diffi-
cult thing in the best and most approved way.

But there is & kind of knowledge which extends
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muck beyond this. ‘We may easily suppose that a
musical student, of an inguiring mind, might wish to
go more to the root of the matter. Having made him-
self thoroughly acquainted with the practical structure
of music, he might not unreasonably wish to find out
on what sort of theoretical basis this structure was
founded, He would inquire what light could be thrown
on it by the phenomens and laws of sound; whether
these would be sufficient to explain and justify all the
varied musical forms and rules; and if not, what other
raisons dédire could be offered for them. In short, he
would desire to be satisfied as to how music had grown
up to its modern state of advancement, and why it had
taken its complex modern design.

The student might possibly be told that such know-
ledge was unnecessary for him ; he might be reminded
that the greatest musical composers that ever lived had
known mnothing of acoustica or of fundamental philo-
gophical principles; that auch knowledge was more fit
for mathematicians than musicians, and that he had
better ignore it altogether.

It is no doubt difficult to show any immediate bearing
of this kind of knowledge on practical music; if is un-
questionable that the highest proficiency, both in com-
position and performance, may exist without if, and it
would be a mistake, in the author's opinion, to claim
for these theoretical investigations a practical value
which is negatived by the natural cornmon sense of
musiciansa!

The philosophy of musie, like many other high branches
of knowledge, claims attention rather on inteilectual

1 For this renson I am rejuctanily without A tica than with, but
compelled to dissent from Lthe follow- that they really cannot get on with-
ing sentence in the prefuce of the out Acoustics at all,” I eannct find
able tranalator of Helmholtz’s work: that sny such claim is put forward in
“ The object of the present Treatlse the work itgelf, the modesty of which,
is + + to prove that mueici in its ab of pretension ok prag
el not only not get on much better tical grounds, is most remarkable.
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than on utilitarian grounds, The argument that would
restrict a man's acquirements to those things that he
needs for earning his livelihood, is worthy only of a
barbarous age. Hence the student will, if an intelligent
and rational individual, know that an inquiry into the
principles of his art, although it may influence but little
his practical pursuits, is a laudable and legitimate ore for
him, and cannot fail to give him higher and meore enlarged
views,

Supposing him then to persist in his inquiry, he would
naturally examine more carefully some of the theoretical
books on his art, in which he would find, scattered here
and there, attempts to ascribe some of the elements of
musie, chiefly the rules of harmony, to natural laws,
But he would seon infer, from the haze of uncertainty
and contreversy in which these attempts were enveloped,
that they failed to show any firm scientific or logical
basis, and that, in any case, their scope and aim were
too vague and too meagre to offer any satisfactory solution
of the problems before him.

The information he would seek must be sufficiently
wide in its range to embrace the whole structure of the
art, and it would, if reduced to a system, be a “ Theory
of Music” in the highest and truest semse. It is pro-
posed in the present work to show what has been done
towards the improvement of this branch of musiecal
knowledge; but on sccount of the uncertain and inde-
finite meanings which have become attached to the word
“Theory,” it has been thought better, for an inquiry so
essentially philosophical, to adopt the term which appears
on the title-page.

The first serious attempt to establish a philosophical
theory of music was by the late Moritz Hauptirann, one
of the most eminent musicians of the present age, and
for many years head of the celebrated Thomas School at
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Leipsic. In 1853 he published a book entitled, “Die
Natur der Harmonik und der Metrik, zur Theorie der
Museik,” It wag a work invelving great thought; but,
unfortunately, the author, who had deeply studied Ger-
men philosophy, built hia theory on transcendental meta-
physies, borrowed chiefly from the system of Hegel. We
shall have occasion now and then to notice some of
Hauptmann's ideas; but his theory generally is so diffi-
eult to follow, and, when made out, so unsatisfactory to
minds of ordinary calibre, that the hook, meritorious as it
is, has for the most part fallen dead on the world?!

A few years later another eminent German philosopher
attacked the problem in a way far more successful, namely,
from the side of physical science. This philosopher was
Hermann Helmholtz, then professor at the University of
Heidelberg ; and the result was the publication of his great
work on musical acoustics, now so well known,

It was natural that the most satisfactory explana-
tions of musical facts should be looked for in the laws
and phenomena of sound; but before this time little had
been done, The general and more simple data of acous-
tical science had been tolerably well understood, but it
was reserved for Helmholtz to study more closely and
satisfactorily such of them as bad reference to musical
tones, and to carry his investigations into the philosophical
structure of musie itself.

The work appeared in 1863, and was entitled, “Die
Lehre von den Tonempfindungen, als physiclogische
Grundlage fiir die Theorie der Musik,” which may be
frecly translated, The Doctrine of the Perception of Musical
Sounds, considered as a Physiological Basis for the Theory
of Musie,

The author ia not only & profound and practised physicist
end physiologist, but he has the great advantage of &

1 A far more interestlng, though in which a vast amount of valnable
less pretentious, work by this eminent and thoughtful matter in to be
man is his * Brisfe an Frany Hauser,” found
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competent knowledge of music, both theoretically and
practically ; and it is to this happy and unusual combina-
tion of qualifications, added to a clearness of thinking
and writing somewhat rare among his countrymen, that
are due the great success of his labours and the great
popularity they have attained.

The work on its first appearance met with high and
universal appreciation among thoge whe conld understand
it, and in Germany, where both scientific and musical criti-
cism may be supposed to be particularly advanced, it has
bad the approving stamp of passing through three editions,
It has also been published in French, which has given it
a atill wider European eirculstion, and a few years ago
it was made accessible to our own countrymen by an
excellent English translation.

It was the aim of the author of this work to bridge
over the great gulf that previously existed between the
science of acoustics and the art of music. He says, in
his introduction—

“In the present work an attempt will be made to form a connexion
between the bounderies of two sciemces, which, although drewn
together by many natural relations, have hitherto remained distinct,
the boundaries of physical and physiclogical acoustics on the one wide,
and of musical soiencs and estheitcs on the other,

#The horizons of physics, phiicsophy, and art have of late besn
too widely separated; and as a consequence, the language, the
methods, end the sims of any one of these studies, present a certain
amount of difficulty for the student of any other of them.

“It is true that acoustics constently employs conceptions and
names borrowed from the theory of harmony, and similarly manuals
of thorough basa generally begin with a physical chapter.

“But up o the present time this apparent connexion of acoustics
and muaic hiaa been wholly external, and may be regarded rather as

1 On the Senmations of Tome, by mann, 1875, All refevences are made
Hermaon L. F, Helmholtz, Trans- to this edition,
inted by A. J. Ellis. London: Long-



8 THE PHILOSOPHY OF MUSIC.

an expression given to the feeling that such a connexion must exist,
thaxn its actual formulation,

“ Physical knowledge may, indeed, have heen useful for musical
instrument makers, but for the development and foundation of the
theory of harmony it has hitherio been totally barren.”

The work consists of two parts, which, although they are
of necessity a good dea! mixed up in the aunthor's treat-
ment, are really very distinct. They may be called the
physical and the musical parts respectively.

In the first place, the author treats of matters purely
acoustical ;—of the nature of musical sounds ; of the mode
of their perception by the ear; and of certain physical and
physiological phenomena attending them, either singly or
in combination, This portion of the work contuing much
matter of great importance, involving many facts and
views either novel in themselves or treated and reasoned
on in a novel manner; and the interest attaching to it has
been promptly seen by scientific men, who have hastened
to present to the public, in simplified forns, the essence
of its contents. It is sufficient to refer to the admirable
works of Dr. Tyndull and Mr. Sedley Taylor?! for clear
and compendious accounts of Helmholtz's researches in
the physical branch of his subject.

But Helmholtz’s work has a much wider scope than the
merely physical one, His title implies not only the
investigation of the nature and perception of nusical
gounds, but also the application of this to form a basiz
for the theory of music. Accordingly, he has devoted a
large portion of his book to this object. He first solves
a great problem, long considered obscure, as to the nature
of consonance and dissonance, and he then goes into an
elaborate philosophical analysis of the whole structure of
music, with the view of investigating how far its elements
may be referred to the physical principles of sound, which
he has previously established, or how far their existence

¥ Bound. By John Tyndall, D.C. L., don, 1875. Sound and Music. By
LLD., F.R.S. Third Edition. Lon. Bedley Tuylor, M.A. London, 1873,
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and nature must be explained and accounted for on other
grounda.

This latter part of Helmholtz's work has yet received
little attention, although really it is the part which has
most interest to the musician! From the prominence
given to the physical portion, an idea has sprung up, and
is pretty generally entertained, that it is in the doctrines
of physical acoustics that the " theory of music” is to be
found and studied. Such an ides can only have arisen
from a misunderstanding of Helmholtz's labours, and a
want of appreciation of the great pains he has taken in
regard to matters purely musical, It is impossible to
gtudy his book carefully without perceiving that, notwith-
standing the importance of his acoustical discoveries, and
their admirable and ingenious application, a very large
proportion of the philosophy of music lies altogether out-
side the physical boundary.

It cannot be concealed, however, that the musical part
of Helmholtz’s work is very difficult. His researches
embrace topics which are, generally speaking, abstruse
and unfamiliar; and to appreciate fully the bearing of his
investigations en the ordinary aspects of music, requires
not only much industry and perseverance, but a some-
what rare combination of high scientific and technical
knowledge.

It is no doubt for this reason that, while the physical
part of Helmholtz’s book has been so well popularised,
his musical researches are comparatively little known.

It will now be understood that the “Philosophy of
Music,” as established by the investigations of Helmholtz,
implies not the bare enunciation and explanation of
acoustical phenomena, but the general philosophical ana-

1 Dr. Tyndell eays in the work re- acoustica, and through the mathetie
ferred 4o (p. 376)—** You have thus portion I have not the knowledge of
sccompanied me to the verge of the music negessary to lead you.”
physical portion of the acience of
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lysis of musical structure, to which the aeoustical slement
is only introductory, end which really extends into a much
wider domain.

It is the object of the present work to give some account
of this philosophy, with the view of simplifying its appre-
hension, especially by musicians, to whom the labour
required by the study of the work iteelf must render it
almost a dead letter.

It must, however, be understood that the present little
book i3 in no wise to be regarded a8 a substitute for Helm-
holtz's Treatise, which can be referred to by those who
would study, in more complete detail, the large range of
topics comprised in his investigations. For this reason the
author has ventured, while strictly following out Helm-
holtz’s principles, to give te his own explanations an inde-
pendent form, which his practical experience in music
leads him to think will be most easily intelligible to the
readers he is addressing,

Before entering on the inquiry, it will be well to define
with some precision what its nature and scope should be;
and for this parpose we must begin by the question, What
is music ?

Musie is formed from sounds of peculiar kinds, which,
after being selected from certain elementary series called
scales, are combined and arranged into a complicated
structure at the will of the composer. This definition
points to three heads of inquiry, namely, the material, the
primary or elementary arrangements, and the final or com-
plex structure.

In the first place, we must inquire into the nature of
the material with which we have to deal in music, this
material being musical sounds. It is consistent with ana-
logy that when we have to investigate the prineiples
thet guide the formation of a structure, we should see
how far these will be dependent on the character of the
material to be used. For example, if we have to build a
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tower, it will be constructed very differently, according as
it is to be of stone, of iron, or of wood; the special pro-
perties of each clearly influencing the mode of ita appli-
cation. Similarly we must inguire into the peculiar
properties of musical sounds, in order to see how these
properties mey influsnce the structure to be formed, In
this part of the inquiry, which is strietly physical, we
shall find the acoustical discoveries and demonstrations
of Helmholtz of the highest value.

Secondly, we must inquire into the nature of the simplest
elementary modes in which this material is arranged or
prepared for use. We find the sownds disposed in series
of peculiar construction, known by the name of “ musical
scales;” and these present many peculiarities that must
be inquired into and explained,

Thirdly, having studied the elementary or preparatory
Rrrangements, we are in a position to pass on to the
more complex structure of music itself. And in deing
this we must distinguish between two varieties of musig,
which have very different characters, namely, Melody
and Harmony,

The simplest kind of music is when one voice or oue
instrument executes a succession of different sounds,
one at & time; as when a tune or air is sung by a
voice or played on a flute or violin. This is called
Melody.

A more complex kind is when several different musical
notes are combined or sounded simultanecusly. This is
termed Harmony.

And there is another variety more complicated still,
in which several melodies may be performed together,
producing harmony by their combination. This is called
Counterpoint, and is the highest and most refined of
all,

Modern music consists more or less of all these. It
contains, moreover, an element founded on the duration
of the varions sounds, introducing what are called #ime,
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measure, and rhythm ; and there is yet another feature of
interest, affecting the general design of any piece 28 &
whole, called form,

In & Philosophy of Music all these things must be in-
quired into ; and when we come to matters of arrangement
and structure, whether elementary or complex, we cannot
fail to notice the fact that music is constructed according
to certain forms which are tolerably well defined, and
which either are laid down as rules of composition, or may
be clearly inferred by examination of the works of the
hest masters, Some of these forms are of ancient origin,
and appear to be little susceptible of variation; while
others are of more recent introduction, and are more sub.
jeet to change.

Hence the problem before us will chiefly resolve itselt
into a philosophical inquiry as to the nature, the origin,
and the foundation of these forms.

And, broadly speaking, we may fairly assume that the
principles which have determined or influenced them, may
be classed under two distinet heads, namely, physical
principles and esthetical principles,

By physical principles are meant such principles as can
be deduced, according o the laws of natural science, from
the physical nature of musieal sounds, and from their
known physiological effecta on the human ear.

By wsthetical principles are meant such principles as
have resnlted from the free action of the human mind,
independently of any physical considerations.

In further explanation of the distinction between these
two sets of principles, & few passages may be quoted from
Helmholtz, who was the first to give this distinction its
due weight. He aays {p. 357)—

“ We have analysed the sensations of hearing, and investigated
the phyeical and phyeiological causen for the phenomens discovered,
dealing solely with natural phenomena, which present themselves
mechanically, without any choice, to the ears of all living beings.
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“PBut in our inquiry into the elementary rules of musical com.
position, we tread on new ground, which is no longer subject to
physical laws alone ; we pass on to s problem which by its very
nature belongs to the domain of msthetics,

“The altered nature of the matters now to be treated beirays
itself by a purely external characteristic. At every step we en-
counter differences of iaste, historical and national. The boundary
between consonances and dissonances has been frequently changed,
Bimilarly scales, modes, and their modulations have undergone
multifarious alterations, not merely among uncultivated or savage
people, but even in those periods of the world's history and
amopg those nations where the noblest Aowers of humen culture
have expanded,

“ Hence it follows {and the proposition cannot be too vividly
present to the minds of our musical thecreticians and historians)
that the systzm of scales, modes, and harmonic tiseues does not rest solely
upon unallerable natural laws, bui ie ot least partly also the result of
easthetical principles, which have aiready changed, and will stsil further
shange, with the progresaive development of humanity,”

The investigation of these wmsthetical principles iz as
important a part of the philosophy of music as that of
the physical ones; but unfortunately the ground here is
much less stable, as the nature of the influences that have
been at work is much more obseura.

Helmheoltz holds the view that in meny cases the ssthetic
principles which have ruled the forms of music have not
been arbitrary, but have been derived from some more
general laws that admit of being studied and determined.
He conceives that the artists who have originated these
forms have dome so unconsciously, according to some
natural promptings which have forced upon them the
ultimate attainment of the best forms of combination.
Hence he believes that in these cases sciemce ought
to be capable of discovering the motive forces, whether
psychological or technical, which bave been at work in
this artistic process, althoungh the task is not always an
easy one.

The object here in view, therefore, iz to examine, in
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detail, the various forms and rules of musical structurs,
and to inquire how far they are derived from physical
prineiples, or how far they have been the result of smsthetic
or artistic considerations,

The notion most generally prevalent among musicians,
and embodied most frequently in works which pretend
to treat of such matters, is, that the modern forms of
musical structure, from the simple diatonic scale up to
the mors detailed rnles of harmony and counterpoint, rest
on some imperative natural laws, which will not admjs of
violation, or scarcely of alteration, The cause of this con-
gists chiefly in a loose and indistinet idea of what natural
laws mean, and in a fallacious appeal to the judgment of
the ear, mistaking the force of education and habit for the
promptings of nature. We shall have many examples of
this to point cut in the details of our inquiry.

The investigations of Helmholtz, however, by explain-
ing now for the first time the true nature of our muasical
sensations and perceptions, have exposed these fallacies,
and have rendered possible a more correct and exact
aualysis of musical structure. We ghall find that while
it is possible to trace the simpler elements of music clearly
back to acoustical principles, this connection does not go
very far; for when the inquiry reaches the more complex
stages, the acoustical explanations will fail, and recourse
must be had to more artificial sources of action, The
fact is, that the more elaborate forms and rules of musical
structure have graduslly grown up by a long process of
evolution under the bands of the masters of the art of
composition, guided either by feelings of the sasthetic
effect on the mind of the hearer, or by considerations of
artistic expediency—causes altogether different from those
ordinarily assigned,

The inquiry, though strictly theoretical, is not without
e practical bearing, as it direetly influences the weight and
authority of the rules and forms. So far as these can be
traced to acoustical principles, they take a more fixed and
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authoritative character; but when they result from choice
and judgment, though they may be worthy of alt respect,
they are of less stability. For as they have been prompted
under ecertain ecircumstances by certain influences, an
alteration of the conditions may lead to their being aban-
doned, or superseded by other forms. Such changes are
precisely analogous to those produced by the influence of
environment, in erdinary biological evolution.

It must be understood that this work only professes to
discues the nature and origin of musical forms. It is no
part of ita object to enter upon & very wide and diffienlt
gubject which lies beyond, ramely, the general effect pro-
duced by music on the mind, as depending on its compo-
sition and style, This is rather the Psychology than the
Philosophy of musie, and it constitutes & most obscure
and intricate problem of musical sesthetics, which it would
be vain to attempt to treat, in combination with the
strictly technieal scope of this treatise,

It is only very lately that serious attention has been
given to this subjeet by competent writers. It is true
thet the enormous power of music over the feelings and
the emotions of mankind has been long known, and has
frequently formed the subject of poetical allusions; but
the more prosaic attempts to describe or explain it, often
by persona ignorant either of music, or of psychology, or
both, have usually amounted to little more than highflown
sentiment or unmeaning twaddle.

The trus nature of this power, and the mode of its
action, have been generally regarded by more enlightened
and more accurate thinkers as an almost inscrutable
mystery. Even Helmholtz, who has said so much of the
sathetics of musie, has only allowed himself to touch
lightly here and there on the fringes of the question,
Indeed, he says, with greaf force and truth (page 568):—
“The sesthetic analysis of complete musical works of art,
and the comprehension of the reasons of their beauty.
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encounter apparently invincible obstacles at almost every
step.”

It must, however, be admitied that he himself has
for the first time made the psychology of music a pos-
gible science, by clearing the ground of the obstructions
caused by former fallacies, and by placing the percep-
tious of music on the firm bagis of philosophical truth.
No doubt the qualifications for the study are rare, and
consequently the labourers in the field are few; but
congidering the short time that has elapsed since the
scientific data of the problem have become known, some-
thing has been done towards its discussion, and there is
every prospect that it will receive the attention of com-
petent investigators.!

It will be assumed that the readers of this work are
acquainted with written musie, so far as it is ordinarily
taught for practical purposes.

be explained as required,

1 Among the writers on this sub-
jeot mey be mentioned the follow-
ing r—

Herbart Spencer, ** The Qrigin and
Function of Mnsic,” published in
Fraser's Magarmine, 1857, and re-
printed in ‘' Easays Beientific, Poli-
ticsl, and Speculative,”

Chbarles Darwin, Rercarks on the
mme subject in ‘‘The Descent of
Mui” and * The Emotions.”

Jemea Bully, three moat thought-
fo] and original essays, published in
1874 in 8 seriea called *‘Sensation
and Intuition,” mew, anfortnately,
Tare.

Edmund Gurney, *‘The Power of
Sonnd,” 183¢, & volnminous work,
containing much admirable matter,
and many novel visws,

The Germsns have, as might be
expeated, earnestly intereated them-
selves in thin aubjeot. Among carly

Anything beyond this will

writera on the wathetios of musio, the
beat known are Hauslick, Sobopen.
kauer, and Hand ; but as these came
before the development of the scous-
tital knowledge, they are hardly tobe
included in the present category,

In later years, the writer who ap-
pears to have made the subject spe-
cially his own, is Dr. Cuarl Stumpf,
Professor of Philoscphy in the German
University of Pregne. Hs haa pub-
lished, in 1883 and 1890, two volumen
of & large work called “Tonpsycho-
logie," which promises tobeanexhaus-
tive treatise, but no further part of it
has yot appesred. In 188g he wrots s
long erticle in the Leipsic ** Viertel-
jahruchrift fiir Muosikwissenachaft,”
entitled * Muaikpsyohologie in Eang.
land,” in whioh he has reviewed and
commented at much leagth on tha
English works and papers abowe.
named.
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CHAPTER II
THE PHENOMENA OF SOUND IN GENERAL.

Ix considering the nature of the materials used for forming
the strncture of music, namely, musical sounds, it would
be proper to begin with an elementary explanation of the
phenomens of sound in general. This lies, however, strictly
within the domain of the acience of acoustics, and it is no
part of the design of the present work to supersede the
excellent treatises and handbocks already existing on this
gubject.

The firat complete work on the scienee was that of Dr.
E. F. F. Chladni, of Wittenberg, in Saxony, “ Die Akus-
tik,” published in 1802. It was translated into French, it
acquired a high and wide reputation, and has always been
considered & standard authority, so far as the knowledge
of the subject extended at that time.

This was followed in 1845 by & treatise in the “ Ency-
clopwedia Metropolitana,” by Sir John Herachel, in & more
advanced form, and in the admirably elear atyle for which
that great man was so deservedly famed.

The modern work of Helmholtz comes next in order,
with its Iater popular expositions by Dr. Tyndall and
Mr, Sedley Taylor, which, so far as the acoustical element
in the philosophy of music is concerned, leave nothing
to be deaired.

The more abstruse mathematical theories of the science
have been well presented by the Astronomer Royal, Sir
George Airy, in “Sound and Atmospheric Vibrations,”
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1868; by the late Professor Donkin of Oxford, in
* Acoustics,” 1870; and by Lord Rayleigh, in “The
Theory of Sound,” 1878,

These works must be referred to by those who would
master this branch of the subject. It will be sufficient
here to deseribe very briefly, and in the most elementary
way, a few of the more important general phenomena

Sound i3 a sensation caused, in the first instance, by
certain oscillatory motions of the particles of a body; the
effect of these motions being transmitted through some
medium, generally atmospheric air, to the ear, where they
produce impressions on the nerves, corresponding to the
nature of the original motions causing the sound. Hence
the subject naturally divides itself into three branches—
first, the production; secondly, the transmission,; and
thirdly, the perception of sound.

Production of Sound,

Sound may be produced by any kind of motion that hag
a certain suddenness and energy. If such motions are
irregular, they produce metses, which may have great
variety, according to the nature of the exciting causs, and
are scarcely capable of analysis. But when the motione
of the sounding body are repeated regularly and similarly
at exactly equal and very small intervals of time, the effect
loses the indefinite noisy character, and becomes more
uniform and agreeables, forming what is known as & musical
sound,

To produce this kind of effect the most favourable con-
dition is that the body should be elastic, and that its action
should consist of the vibratory motion or cacillation of its
particles, and this is the usual mode of production of
musical sounds. Thus if an elastic atring is tightly
stretched over two bridges, and is struck by a hammer,
pulled by the finger, or seraped with a rosined bow, it i
eet into vibratory or ovscillatory motions that give rise to
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sounds. Many other elastic bodies, such as metal bars or
tongues, stretched membranes, &c., may be made to give
out sounds in like manner. And even the air itself may
serve as the origin of sounds, for there are many ways
in which vibratory motions may be set up in it without
its being excited by any antecedent oscillatory action.

In all these cases, it ig the elasticity of the bodies
which is chiefly effective in giving to the particles their
regulority of motion, and so in producing the musieal
quality of the sound. This effect is the resnlt of well-
known mechanieal laws, and the character, extent, and
velocity of elastic oscillations may be, and have been,
calculated and determined by mathematical means with
great accuracy.

The vibrations of an elastic sounding body may vary in
three respects—namely, in rapidify, in extent or ampli-
tude, and in form.

Thus, for example, taking a stretched string as the
simplest illustration, it is easy to trace the existence of
all three variations. In the first place, it may be seen
that & long, or heavy, or slack string will vibrate slower
than a short, or light, or tight one, exemplifying the varia-
tion in rapidity. Secondly, if this string is pulled or
struck violently, its oacillations will be wider, it will de-
part farther from its normal atraightneas, than when it is
pulled or struck gently; so exemplifying the variation in
extent, Thirdly, it iz easy to imagine, or even in certain
cases to observe, that different modes of excitation of the
siring may cause it to take different shapes in its oscilla-
tions; this -illustrates the variastion of form, The same
variations exist in all elastic sounding bodies, thongh they
are often much less obvious, and more difficult to trace.

Each of these three variations in the character of
the sound-producing vibrations, has & peculiar and very
important significance in a musical point of view; as will
be explained more definitely in the next chapter.
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Transmission of Sound.

The bodies that produce the asound being generally at
some distance from our ears, the effects of the vibrations
have to be trensmitted thereto through the interveming
medium, which is usuaily atmospheric air.

This mode of transmission is one of the most compli-
cated points of acoustical seience; difficult to understand,
and still more difficult to describe. It would be out of
the question here to give any complete account of it; all
that can be done is to give some brief descriptiona which
may, perhaps, make intelligible the general nature of the
phenomena it involves.

The transmission of sound through the air takes place
by the formation of aerial elastic wawves, which are pro-
pagated through the fluid medinm with great velocity and
ultimately enter the ear. These are in some respects ana-
logous to waves formed on water, but with the difference
that, whereas the latter are at the surface, merial waves
exist in the mass of the air itself. This is rendered pos-
sible by the elasticity of the air, which allows of ita
being either compressed, or expanded, under slight forces
applisd. The effect of the slight blows given to the air by
the vibrations of the sounding body, is to produce slight
compressions and expansions of the circumambient air,
and these, being propagated to & distance through the fluid,
form the waves. Each wave is of a compound naturs,
consisting partly of compressed, and partly of expanded
air, and one complete wave is produced by each complete
vibration of the sounding body.

These air-waves have the property of moving forward,
in a mapner analogous to the motion of waves on the sur-
fuco of water. The sudden impulse of a vibrating body
on the adjoining particles of air, forming, say, & momen-
tary compreasion therein, is transmitted forward to the next
edjoining particles, from these to the next, and 8o on, 30 a8
to produce a propagation or travel of the compressive action,
without any necessary motion of the general body of air,
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Now, we happen to know by observation the rate at
which such compressive sction will be propagated, this
being apother narne for the welocity of sound. Tt waries
with the state of the atimnosphere as regards temperature
and density; but it is, under ordinary circumstances, about
1100 feet per second, 1., the impulse given by the motion
of any vibrating body, will propagate itself through the
air at this velocity.

Knowing this, we can determine, with some precision,
the magnitude of the air-waves corresponding to certain
sounds. An example will best show this. Suppose the
sounding body to be one which makes 256 complete vibra-
tions in & second, corresponding, as will be explained in the
next chapter, to about the note called “middle C,” the
regult will be that the sounding body will give a series
of regular impulses to the air, ocourring at intervals of
3w of & second. Supposing, then, one of these blowa to
be given, causing a compression in the air adjoining, this
compression will be propagated through the air at the rate
of 1100 feet in a second, and conssquently, when a repe-
tition of the blow comes, in g3, of a second, it will have
advanced 3P, ie, 4.28 feet. By the repetition of the
blow a new wave will be originated, precisely similar to
the former one, and thus the sounding body will go on
generating a series of waves, each 4.28 feet long, and all
flying off into apace, with the velocity known as the velo-
city of sound. This length of 4.28 feet is therefore the
length of air-wave corresponding to the note * middle C.”

The constitution of an air-wave, taken between its
extreme boundaries, is, a3 has been said, of a compound
nzture. In a part of it the air iy compressed, in another
part of it the air is expanded; and a fair idea may be
formed of this constitution by returning to our simile of
waves upon water. A complete water-wave consista partly
of an elevation above, and partly of & depression below,
the normal water level; and if we imagine the former to
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be analogous to the compression of the air, and the latter
to its expansion, we may understand how the different
components may be arranged.

It may also be emsily imagined that in different waves
the disposition of the compressed and expanded parts may
be different, giving rise to different forms of wave. Itis
also clear that, though the form way be the same, the
disturbance of the particles, <.z, the degree of compression
or expansion, may vary, giving rise to different indensities
of waves, just as on the water some waves may be high
and violent, others low and gentle.

It will now be intelligible how the aerial waves will
correspond with, and will therefore transmit, the several
different properties of the original vibrations of the particles
of the sounding bedy.

In the first plece, it has been salready explained how
every new vibration will originate & new air-wave, each
flying off into space at a certain velocity; so that the
rapidity of the original vibrations will be represented,
inversely, by the length of the wave ; double the rapidity
of vibration giving half the length of wave, and a0
on.
Secondly, as the vibrations are more powerful, they will
naturally produce greater disturbance of the particles of
the air, so that the amplitude of the original vibrations
will correapond with the intensity of the disturbance in
the air-waves,

Thirdly, the variations in the fgprm of the vibrations
will produce corresponding variations of form in the sir-
waves,

And in regard to this point there is a principle which,
as applied to music, is of mueh importance. It is,
that & simple musical sound (fe, a sound not com-
pounded of several, a5 most musical sounds are) always
gives rise to a certain form of air-wave, only varying
in it length and its intensity. The more complex forma
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of waves are produced by the combination of several
simple sounds together. It is true that each sound will
tend to produce {just as if it were sounding alone) its own
particular form of wave; but since these cannot exist
separately in the same mass of air, they will combine,
and their combination will constitute a ecomplex form of
wave, And conversely, according to a certain mathe-
matical law called Fourder's theorem, it is demonstrable
that any regular periodic form of compound air-wave may
be resolved into a number of simple ones, which may be
discovered, and their properties identified,

The obscure and difficult subject of air-waves has
occupied the attention of the most eminent philosophers,
who have brought to bear on it all the array of the highest
mathematical science. The problem was first undertaken
by Newton, and its fullest modern development will be
found in the works already mentioned.

LPerception of Sound.

The final step in the acoustic process, namely, the recep-
tion of the aerial undulations in the human ear, and the
transmission of the sensations {0 the brain, has not been
less studied than the former ones; and anatomists and
physiologists have succeeded in explaining so much of
the process as can be traced by physical inquiry. But to
go into the minutiee of these investigations would be out
of the question here. We must content ourselves with a
few statements of the simplest kind.

At the end of the winding crifice of the ear is a mem-
brane covering & hollow space, like a drum, and beyond
this lie 8 succession of organs of very complicated char-
acter, the object of which is to transmit to the auditory
nerves, and 8o to the brair, the sensations received upon
the external drum membrane. When an air-wave arrives at
the ear it is propagated along the passage, and the vibra-
tions or oscillations which form it cause corresponding
tremors in the drum membrane; these are communicated



26 THE MATERIAL OF MUSIC.

to the auditory nerves, and thence to the brain, and so we
get the sensation of sound.

And since all the peculiarities of the conatruetion of the
wave—its length, and the degree and form of the diaturb-
ance of its particles—make themselves individually dis-
tinct upon the membrane, the sensorium thereby is enabled
to appreciate the varieties in the sounds to which these
peculiavities correspond.

Under the last head it was remarked that when several
musical notes sound simultanecusly, their combined effect
is transmitted through the air in one single wave of a
compound form. It might be supposed that the ocly
effect of this on the ear would be a confused noise, some-
thing analogous to the impression which the mixture of
a number of different-coloured pigments would produce
on the eye,

The reason why this is not 2o is on account of a wonder-
ful faculty which the human ear has of analysing any
compound wave submitted to it; of resolving it into its
component elements, and of presenting those elements
seperately and independently to the mind. This is ex-
pressed by what is called the law ¢f Ohm, which ia, that
the ear refuses to recognise any sound-wave unless of the
simplest form; and that, eonsequently, the only means it
haa of treating & compound wave is to find out of what
simple elements it consists, and to make these separately
sudible.

In order {o form an idea of the extent of this power,
imagine the case of an auditor in a large music room, say
a promenade concert, where a full band snd chorus are
performing. Here, speaking first of the music, there are
sounds mingled together of all varieties of pitch, londness,
and quality ; stringed instruments, wood inatruments, brass
instruinents, instruments of percussion, and voices of many
different kinds, And in addition to these there may be
all sorte of accidental and irregular sounds and mnoises,
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guch as the trampling and shuffling of feet, the hum of
voices talking, the rustle of dresses, the creaking of
doors, and perhaps the gurgling of fountains, and many
others.

Now, be it remembered, the only means the ear has of
becoming aware of sll these simultaneous sounds is by
the peculiar mode of condensation and rarefaction of some
particles of air at the end of a tube about the size of a
knitting needle, forming a single air-wave, which, though
so small, is of such complex structure as to contain in
itself some element representing every sound going on in
the room. And yet when this wave meets the nerves,
they, ignoring the complexity, single out each individual
component element by itself, and convey to the mind of
the auditor, without any effort on his part, not only the
notes and tones of every instrument and class of voice in
the orchestra, but the character of every accidental noise
in the room, almost a8 distinctly as if each single sound or
noige were heard alonel Truly in the acience of acousties,
when we treat of those parts where the human powers
come into play, there are depths which are unfathom-
ablo!
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CHAFTER IIL
SPECIAL CHARACTERISTICS OF MUSICAL SOUNDS.

I is now necessary to treat, in more detail, of certain
properties which characterise musical sounds. This also
is & part of acoustics proper, and may be studied in the
bocks alveady cited. But, ingsmuch as we come here
much closer to the musical application of the science, it
is desirable, even at the risk of repeating what may be
found elsewhere, to give a general explanation of these
properties, There will, after all, be much left for further
study on the part of those inquirers who desire to go to
the root of the matter,

It has been pointed out in the last chapter that there
are three varieties in the character of the original vibra-
tions of an elastic sounding body, and that these correspond
to thres analogous variations in the constitution of the
air-waves which transmit the sound to the ear These
arg—

I. The vibrations may vary in rapidity ;—corresponding
to variations in Iength of the iransmitting air-wave.

II. The vibrations may vary in amplitude or extent ;—
corresponding to variations in tnfensify of the transmitting
rir-wave.

III, The vibrations may vary in form ;—corresponding
to variations in form of the transmitting air-wave.

Now these three variations have a direct practical sig-
nificance, inasmuch as they correspond, respectively, to
thres practical properties of musical sounds, which are
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familiar enough to every one accustomed to music. These
are—
I, The piteh of the sound,
II. The strength of the sound,

III. The ckaracter of the sound.

Each of them is subject to & wide variability, and each
is directly related to the corresponding variable property
of the vibrations of the sounding body, and of the trans-
Injtting air-wave,

It will be our business, in this chapter, to investigate
these relations in regard to each property.

The piteh of musical sounds.

The word piieh, in its general sense, refers to the position
of any sound in the musical scale of acuteness and
gravity.l The distinction between what are called « high ™
and *low” notes is sensible to everybody: each note of a
pianoforte is “higher” in pitch than ita left-hand neigh-

bour, and “lower” than ite right-hand one,

1 The application of these terma is
nok emay to moeount for, for there i
pothing in their patural meaniog to
warrant literally their application, nor
ure they conaistent, ns one is not the
opposite of theother. Theyare, how-
ever, as old as the Greeks, for Aris-
tides Quintilianus used 4tds to denvte
the quick vibrating sound, and Sapis
to denote the slow vibrating vue, and
theae terme have been tranmmitted
through the latin acer and pravis
dowu to our day, It would beidle to
specnlate how they originated; pro-
bably tha peculiar pierciog effect of
quiok vibrating notes on the ear may
haye suggested the former, while on
the other hand alow vibration sounds,
being produced from the longest
atrings, the largest pipes, and the
heaviest instruments genbrally, may
have muggested the Intter,

In vegard to the terms *‘aharp”
snd “#at,” the former is & synonym

And the

for acote, and the latter in o better
oprosite to it than grave ; but till
tha ides of & note of slower vibration
being ** flatter,” €¢., of n more even
and level surface than & quick vibrat-
ing one, is incomprehenajbla.

But the two other worda, '*high”
and *low,” most used of ell, are at
the same time the least intelligible,
for there is no imaginable econnection
batween any number of vibrations per
second, and eny degres of elevation
above the sarth’s surface. They wers,
however, also nsed in very early
times; and when musical notation
firat. arose by the use of the relative
poxition of marks or pointw, the ides
wan seized o to guide such positions
{the paper being supposed to be placed
vortically}, and thus the connection
between “high” notes and quick
vibrati has T firmaly im-
planted in our minds.
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difference in pitch may be much less in degree than this
interval, and still be very evident; as, for example, when
we speak of an instrument being e little « too sharp,” or
of a vocalist singing a little “too flat,” which are only
common expressions to signify small variations of pitch
above or below some imaginary standard,

Now the pitch of & musical sound is determined by the
rapidity with which the vibrations of the sounding body
sacceed each other. The quicker the smeccession of the
vibrations, the Aigher is the pitch of the note; the slower
the succession of the vibrations, the lower is the pitch.

It follows from this, that every musical note that we
can form any conception of has a certain rapidity of vi-
bration peculiar to itself; and hence the number of vibra-
ttons per second, or, as it may be called for brevity, the
Vibration Number! becomes an accurate definition of the
piteh of any sound,

Thus, for example, 512 vibrations per second will pro-
duce a note that may be represented by the musical sign

while 1024 vibrations per second will produce

the note E and 256 vibrations per second will
produce the note E

The vibrations here mentioned are what are called
#double” ones; each consisting of & complete double
oscillation, forward and beckward, corresponding to
8 complete air-wave. Chladni messured by single
vibrations, which are analogous to the estimation of the

! Lord Rayloigh uses the word fre- in the toxt {which I balieve lsdue to
guency for the number of vibrations Mr. Hediey Taylor) appears the beat
tn & given time, but the one sdopted for pructioal purposss.
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beats of a pendulum; but the double vibration waa
originally used by Newton, and is now most generally
adopted, All vibrations spoken of in this work will be
underatood to be double ones.

There are certain limits of rapidity of vibration beyond
which the sounds produced cease to be audible to the
human ear. These limits are not perfectly defined, as
some ears are more sensitive than others in this respect;
but it ia generally considered that the lowest audible
sound corresponds to about 16 vibrations per second, and

the highest to about 38,000, giving & range of about

eleven oclaves.

It may naturally be asked, How ia it possible to count
vibrations succeeding each other with such rapidity, and
to ascertain what number of vibrations per second corres-
pond with any given musical note? There are several
modes by which this may be done.

One of the earliest and simplest devices is what is called
Savart's ratchet wheel. A wheel having teeth on its cireum-
ference is made to revolve, and a tongue of card is held
againgt it, The passage of the teeth gives a vibratory
moticn to the tongue, which, if quick enough, will give a
musical sound. Hence, as the number of revolutions of
the wheel in a given time can be noted, the number of
vibrationa corresponding to the note can be found,

Another mode, more accurate, is by an instrument calied
the Siren, By means of arevolving disk which alternately
opens and closes holes in 2 box filled with compressed air,
puffs of wind are allowed to escape at regular intervals;
these set the air in vibration, and produce a musical note,
and by counting the revolutions of the disk, the number
of vibrations in a second can be accurately ascertained

Apgain, the number of vibrations made by a string sound-
ing any note can be deduced, by mathematical rules, when
the length, weight, and tension are accurately known, as
will be explained in the next chapter.
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There are also ingenious devices by M. Lissajous, and by
Messrs. MLeod & Clark, by which the vibrations of a
tuning-fork can be made observable, and counted, by
optical means; and there are also contrivances, particu-
larly those by Professor Mayer and Lord Rayleigh, by
which the same vibrations can be made to record them-
selves upon paper.

Then, finally, vibrations can be counted by means of
the phenomena called “beats” (see Appendix, Note D), a
method which has been carried to great perfection in the
tonometers of Scheibler and Appun.

These various contrivances will be found more fully
described in works on Acoustics. The several methods
of determination, based on different prineiples, serve to
check each other, and the results they have given corres-
pond so well as to give great confidence in our power of
scientifically defining the pitch of a musical note by its
rumber of vibrations in a second of time.

It follows from what has been said that the number of
possible notes all differing from each other in pitch, is
theoretically unlimited, inasmuch as any difference in the
vibration-number will certainly give rice to a different
sound. Practically, also, the number is very large, de-
pending only on the sensitiveness of the ear for minute
differences of pitch ; askilful pianocforte tuner, for example,
is obliged, in the exercise of his art, to distinguish between
a true and an equally tempered fifth, the difference heing
only about one-fiftieth of & semitone, which would give 6oo
digtinguishable sounds in the octave! The pianoforte
has only 12 sounds in the octave, but the intervals
between them may be easily divided into several parts,
and it is vsual to estimate that from 50 to 100 sounds in
the octave may be distinguished by ordinary ears,

Sinoce every possible musical sound corresponds to a
definite and known velocity of vibration, it may be thought
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that any note used in music ought to be at once positively
and unmistakably counected with its proper vibration-
number. This, however, is not so, the reason being that
at present there is no definite standard, no general agree-
ment among musicians, as to the exact place in the infinite
seale of possible tones where any nominal musical nete
should stand.

An example will render this clear, Let us take the

note treble C, indicated in muaic by the sign ﬁ

and let us suppose that some competent inguirer wished
to ascertain for himself what was the vibration-number
corresponding to this note. If it were sounded to him by
an old organ or an old pitch-pipe, he would probably find
it something near 500 : Westminster Abbey organ would
give him 518; a new piano of Broadwood’s would give
him 526; and a modern opera band, on a hot summer
evening, would give ebout 545. The highest of these
examples would be about a semitone and a half different
from the lowest, and he would find, in different cases, all
sorts of intermediate values for this note called treble C.

This opens the question of the Standard of Piick, one
which has been much debated.

It stands to reason and common sense that there ought
to be some common agreement among the musicians of the
world as to what musical note should be denoted by a
certain musical sign; but unfortunately there iz no such
agreement, and the question is therefore stil undeter-
mined.?

There is reasonable evidence that from the time of
Handel down to the death of Beethoven, during which
period the greatest musical works extant were written, the
piteh ordinarily used was (always referring to the treble

! An elaborate discumeion of the Aris, by Mr. A, T. Ellis, on asth
question of pitch will be found in May 1877,
a paper rend before the Society of
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C) somewhere between 5oo and §20. Since that time it
has risen considerably, and the modern English orchestras
are tuned to about 540,

This rige, however, has been objected to, and the French

have established Ly law a standard of %:t = 438,

which gives treble C (by equal temperament) = 517. This
pitch is now also generally adopted in this country for
church and cathedral organs, and for all vocal music when
unaccompanied by an orchestra.

Although, however, practice differs so much in regard to
the pitch, it is desirable, on philosophical grounds, to de-
termine on some standard by which the position of musical
notes can be theoretically defined ; and fortunately there
iz a very easy and very satisfactory means by which this
can be done.

Let us inquire what note would be given by the sim.
plest Tate of vibration, f.e, one double vibration per second.
We cannot tell this by actual experiment, for the reason
thet the sound would be inaudible. But since there is a
well-known harmonic law (to be hereafter explained),
that by doubling the vibration-number we raise any
gound exactly an octave, we have only to go on donbling
several times, and we get sounds that can be perfectly
identified. For example, at the ninth doubling we get
512 vibrations per second, and we know that the note
given by this will be exactly the same note a8 by one
vibration, only nine octaves higher,

Now this note almost exactly corresponds with the

used in the time of Handel, Mozart, and Beeth-

oven; and is very nearly the same as the French legalised
pitck and the vocal piteh in England, And as the note C
is the simplest note in our modern musical system, and the
one generally used for & standard, we find that on this
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pitch the simplest rate of vibration produces the simplest
musical note,
We thus obtain a reasonably good standard of pitch,

This has acquired the name of the

philosophical pitch, and, as already stated, it correspends
fairly well with the actual pitch in the best musical times,
It will be adopted throughout this work whenever the
absolute piteh of notes has to e referred tol

On the strength of musical sounds,

The second property attributed to musical sounds is
their strength, or their degree of loudness or goftness,
The variations between sounds in this respect are familiar
to every one; and as the cause of these variations is very
simple, we may dismiss this head very briefly,

The degree of loudness of sound depends simply on the
amplitude or extent of the vibrations, and the correspond-
ing snfensity of the disturbance of the air in the trans-
mitting wave, If a pianoforte string, for example, is
gtruck forcibly, it will be more deflected from a straight
line, or will make larger vibrations, than when it is touched
gently. These larger vibrations will communicate greater
intensity of motion, in compression and extension, to the
particles of the air, and will thus cause an impression of
greater force to be made on the nerves of the ear, which is
what is meant by a louder sound,

No philosophical scale of loudness and softness has yet
been devised. Such a scale would be of use, not only on
scientific grounds, but for purposes of practical utility, as

1 By this standard the vibration
number for O will always be some
power of 2; 30 thaé a" vibrations per
second il chwaye give the note C.

Helmboliz uses & higher standard
pitch, namaly, C = 528, but nothing
of importance turns on this, and

therefore I hnve adbered to the ntand.
ard I have always ndvocated.

It is worthy of remark that the
philosaphical pitch ia given almoat
exactly by the Westminster bells, the
key-note of which, “ Big Ben,” sounds
an F of sbout 170 vibrutions per
second.
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in “voicing” organ pipes, and regulating the tones of
musical instruments generally; but there would be diffi-
culty in making the determinations, owing to the decep-
tive effects of variations in gualify. It would be found
that some sounds have a more telling effect on the ear
than others, owing, not so much to their real amplitude of
vibration, &8 to certain peculiarities in their nature, and
thig disturbing cavse must be eliminated before the {rue
measure could be obtained.

The perception of loudness is diminished by distance
from the source of the sound, as the amplitude of the
oacillation of the aerial waves becomes weakened by wider
propagation. Some late valuable researches by Professor
Tyndall on Fog Signals* have alsoc shown that the loud-
ness of sounds transmitted through the air is subject to
gingular variations by changing conditions of the atmo-
sphere ; but it would be out of place here fo go further
into such a wide field of inquiry,

On the character of musical sounds,

The third property of musical sounds requires more
lengthy notice, as ita explanation introduces us to some
physical elements which we shall find very important in
the philosophical theory of music, It is the guality or
character of the tone produced. A violin, for example,
gives a tone of a different quality from that of a clarionet,
an oboe, a flute, or a trampet. We have no good English
term to express this property; the French use the word
timbre; but this is mot so expressive as the German
Kiangfarbe, & word compounded of Klang, a musical
pound or tone, and Farde, colour. We must, however, be
content with the homely expressions: quality, or sharacter
of toned

The varieties of character of tone that may be obtained

1 Phil. Trana, 1974 me on the whole the best for the
f Lord Rayleigh has adopted this purpese,
word * charscter,” and it seems to
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are glmost infinite. We not only possess en immense
number of musical instruments and means of producing
musical sounds, all which have their individual qualities
of tone, but ever on the same instrument the same
note may often be given distines varieties of character,
independent of the mere loudness or softness, And that
these varieties are real objective phyaical diffsrences, and
not merely ideal, is proved by the facility with which
an educated ear can identify and distinguish them, even
sometimes to the minutest shades of difference. The
gtringed tribe of instruments, and still more the human
voice, furnish ample examples of this. The tons of a
particular violin, or of & particular violin player, can be
identified by a connoisseur among a hundred, and we all
know that the varieties of character of the human voice,
even in the same register, are almost as diversified and
as easily recognised by the ear as the varieties of phyai-
ognomy are by the eye. And even in the same voice,
the numercus varieties of vowel sounds producible, ave,
when examined carefully, chiefly varieties in character
of tone.

The nature and explanation of this property of musical
sounds has been, down to a late period, very obacure.
Chladni, the great expounder of acoustical science in the
early part of this century, says, “ Every real musical sound
is capable of different modifications, whose nature is ag yet
entirely unknown, but which probably consist of some
mixture of what is simply noise.” He then explains at
gome length that this may arise either from peculiarities
in the structure of the sounding body, as regards material,
&c., or from the nature of the pubstance with which it 18
strick or rubbed to produce the sound, He further adds
that differences of character may be dus to irrsgular
tremblings of the smaller parts of elastic hodies,

Sir John Herschel (Eneycl, Metrop.), speaking of mu-
sical sounds, says, “Of their qualitiea and the mole-
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cular agitations on which they depend, we know too
little to subject them to any distinct theoretical discus-
gion.”1

It was reserved for Helmholtz to solve the problem;
and although the explanation may be found in the modern
acoustical works already cited, it is necessary to state it
here, reduced to as simple and practical a shape as possible.

The problem iz, having given two musical sounds, of
the same pitch and the same loudness, but of different
character, to discover what is the physical cause of thia
difference ? We know that the velocity and the ampli-
tude of the vibrations are alike in the two cases, and
therefore the canse must be sought in some other element
of the sound-wave, The explanation, which is somewhat
complicated, will be found in the following considerations.

There is a certain phenomenon very familiar to players
on some kinds of musical instruments, namely, the pro-
duction of what are ealled Natural Harmonics. Suppose,
for example, a certain source of musical sound, such as the
fourth string of a violoneello, or the column of air in the
tube of a French horn, is set vibrating at the rate of 64

per second, 8o a3 to produce the note B

By certain means well known, it is essy to alter the
mode of vibration, dividing the striug or column of air
into two parts, each of which will vibrate at double the
former rate, viz., 128 vibrations, which will give a note an

octave higher than before, namely, % This is

called a natural karmonic note of the fundamental lower C.
Again, similarly, the string or column of air may easily be
made to divide itself into three equal parts, each of which
will make 3 X 64 = 192 vihrations per second, and will

1 In another place, however, Bir ﬂmu'. on the quality, of the form of
John hints clearly st the pownible in- ghe s
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produce a second natural harmonic, namely, F—g— Tt

may further divide itself inte four parts, each vibrating
4 X 64 = 256, and giving a third natural harmenie,

_ The division might be carried further, at pleasure,

each harmonic note becoming higher in the scale, For
example, the division into eight parts would give 512

vibrations, producing & seventh natural harmonie,

and the division into sixteen parts would produce a fif-

teenth natural harmonic, E

Now it hes been discovered that these natural har-
monics play a very importent part in the constitution
of musical sounds. It seldom happens that a musical
sound consists of one simple note; it is generally a com-
pound, formed of a fandamental note aa a chief, gombined
with a cerfatn number of its natural harmonics sounding
along with it. The sounding bedy has a tendency to
divide up into subsidiary parts, which woibrate inde-
pendently, each producing the natural harmonic dus to
its rate of vibration, and the whole are heard together,
forming the compound sound.

In such a sound, the natural harmonics above the
fundamental have been called by Helmholtz overfones
(Oberttne) ; and the whole series, including the funda-
mental, have been called parfial fones (Parzialtone), from
the fact of the compound sound being made up of them,
The latter term gives the most convenient nunbering ; but
the former one is the moat expressive, as distinguishing
the subsidiary harmonies from the fundamental sound.

The harmonics or overtones have certain definite re-
lations of pitch to each other nnd to the fundamental
sound, these relations being as indicated in the following
table,
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TABLE OF NATURAL HARMONICS OR PARTIAL TONES.
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The first harmonic will be an octave above the funda-
mental ; the second a twelfth ahove it, the third two octaves
above it, and so on. Some of the partial tones, namely,
the 7th, 11th, 13th, and 14th, are ingerted in a different
character. The object of this distinetion is to intimate
that the places of these notes are not exactly expressed
by their positions in the stave, as they do not correspond
with the ordinary musical seale, and cannot therefere be
expressed in the ordinary notation.

The figures below the table show the vibration-num-
bers corresponding to each partial tone, and it will be seen
that every one is a muitiple of the fundamental vibration
number, corresponding to the position of the note in the
series. Thus the 5th partial tone has five times as many
vibrations per second as the fundamental; the 8th has
eight times as many, and so on.

The table extends to the 16th partial tone; there is
theoretically no limit to them, but this is probably as high
as they can practically be identified. The lower ones are
usuelly the loudest and most prominent, diminishing in
strength as they ascend; the first six are the only ones
that are usually considered to be of practical importance,
and it is rarely possible to distinguish more than ten or
twelve,

The phenomenon of these harmonics, a8 accompanying
fundamental sounds, has been long kmown. Mersenne,
the learned French writer, in his “Harmonie Univer-
gelle,” published in 1636, says, speaking of a question
of Aristotle—

“He seems to have been ignorant that every string produces five
or more different sounda at the same instant, the strongest of which
is called the natural sound of the atring, and alone is accustormed to
be taken notice of, for the others are so feeble that they are only
perceptible by delicate ears, . . . Not only the octave and 15th,
but also the rath and major 17th, are always heard ; and over and
above these I have perceived the major 23d (the gth partial tone}
sbont the end of the natural sound,”
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Nothing was known at that day of the compound vibra-
tiona of strings, and hence Mersenne, having satisfied him-
gelf of the fact, endeavoured to explain it by an ingenious
hypothesis about the motion of the air, which we now
know to be unnecessary.

The same phenomenon was corroborated and better
sxplained by subsequernt writers; as Bernomilli, Riceati,
and others., Ramesu, in 1722, made it the chief basis of
his system of harmony, as we shull see hereafter,

Chladni devotes much space to the explanation and
description of compound sounds; and so widely spread
was the knowledge of this phenomenon that he takes
pains in many places to correct erroneous inferences that
had been drawn from ecarrying its import too far. He
shows that these sounds are not confired to strings, but
may and do arise from organ pipes, wind imstruments, and
other sounding bodies, bells especially,

Young speaks of “the superior octave which usually
accompanies every sound as a secondary note.” |

Sir John Herachel says (Encyel. Metrop,)—

“1t was long known to musicians that, besides the principal or
fundamental note of a string, an experienced ear could detect in ita
sound other notes related to this fundamental one by fixed lawa of
harmony, and which are called therefors harmonic eounds, They
are the very same, which, by the production of distinet nodes, may
be insnlated, as it were, and cleared from the confuaing effect of the
co-existent wounde, They are, however, much more distinet in bells
and other sounding bodies than in strings, in which only delicate
ears can detect them,”

Mr, Woolhouse, in an excellent little manuel published
in 1835,! after explaining the modes of vibration of a
string first a8 o whole, and secondly as dwuimg itself
into several equal parts, says—

© A string very seldom vibrates exclusively either to one or other
of these modes of vibration, but generslly partakea of Loth, and

1 Emay on Musloal Intervals, Harmonios, &¢. By W. 8. B. Woolhonm
London ; Bouter. 1B3%. P. a6,
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often consists of several different modes all in action together,
For when the string is vibrating wholly, and producing its funda.
mental note, it is generally subdivided into various portions, each
of which is vibrating at the same time, and producing a harmonic.
The mathematicel theory of the motion of a muesieal string shows that
any number of different kinds of vibrations, which can be communi-
cated and sustained separately, may be communicated and sustained
altogether st the same time ; and hence we see the reason why the
fundamental notes of large strings, such as those of the harpsichord
and violoneello, are wanglly accompanied with harmonic notes, whieh
are more or less sensible, according to the strength or weakness of
the vibral agitation of the portions into which the string hee divided
itself ; they are moat readily communicated by a sudden action on
the string near to one of ita extremities, and therefore almost alwaya
accompany the tones of the pianoforte, particularly thoee of the hass,”

It iy desirable to collect these corroborative opinions on
the point, because of the widespread scepticism that
prevails among musicians a3 to the compound nature of
musical sounds. Thers is great difficulty in getting prac-
tical men, who have not been sccustomed to considera-
tions of thie nature, to admit that a note which, judging
by the superficial impression on the senses, secma only
gimple and single, should really be compounded of a great
many sounds differing much in pitch from each other,
and some of them absolutely discordant. Helmholtz
endeavours to combat this prejudice. He shows by
several physical and physiologicel examples that the
senges are apt, in the presence of prominent facts, to
ignore others which may be less prominent but equally
present; and he reasons that, as the fundamental note is
almost always stronger than ary of the others, the imagi-
nation is inclined to refer the whole combination to that
one note, and refuses to take the trouble of recognising
the separate gounds,

An analogous case is that of a large organ: the scunds
from the separate pipes are in themselves but weak, and
no multiplication of them, in unison, would give tones of
great power. Hence the long experience of organ-builders
has led them to form compound sounds, by adding to each
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note pipes speaking its octave, twelfth, fiftesnth, and
other of the harmonica we have described, the effect of
which is, as is well known, to produce tones of a most
powerful and penetrating quality. Yet, if these har-
monica are well proportioned, they give to an ordinary
ear only the effect of one single loud sound.

By a little practice the ear may be educated to dis-
tinguish and separate the various harmonics which make
up a compound sound, and when the habit of doing
thie is acquired, the illusion disappears, But that no
proof mey be wanting, Helmholtz has contrived mecha-
nical means by which any sound may be analysed, and its
component parts exhibited separately. He wuses certain
instruments called “resonators,” each of which, like a
chemical re-agent, will test the presemce of a particular
barmonie, and by submitting these in succession to the
vibrating influence of the compound tone, they at once
ahow whether the sounds they refer to are or are not pre-
eent therein.

Tt has been necessary to describe the compound nature
of musical sounds at some length, because of its bearing
on the point now under consideration, namely, the expla-
nation of the varying characfer of musical tones,

Chladni appears to have had some suspicion that the
variations in the character of the vibrations had some
slight influence on the quality! and Mr. Woolhouse?
attached more importance to the same element. But in
reality nothing was positively known about the matter
before the investigations of Helmholtz. It was reserved
for him to show, by the most elaborate and conclusive
proois, that the characier of & musical sound depends chiefly
on the number and on the proportionate sivength of the
pariial tones of which the sound is composed,

1 Die Verschiedenheit der Behwin. ru efner versohisdensn Wirkung des
grogmarien irigt meistena our wenig Klanges bei._ Pago 48.
* Essay, gited. Page 77.
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Referring again to the diogram on page 40, there may,
in the first place, be great variety in the number of par-
tial tones present, In some cases there may be only &
few of the lower ones ; in others the overtones may be very
numerous, extending very high; and in other cases certain
intermediate members of the series may be absent. Every
variety of this kind will give a different quality of tone.

Then there is the second element of the proportionate
strength or loudness of the various partial tones. The
fundamental note is almost always the most powerful,
and, generally speaking, the strength goes on diminjsh-
ing fast as the overtones ascend. But the degree of
gradation in different cases is very variable, and every
variation influences the quality of the tone.

It is then to the combination of these two varying
elements, the number present, and the relative loudness
of the hermonics, that the character of fone of a musical
sound is due,

There are very few natural sounds which consist of the
fundamental note only. The nearest approach to simple
sounds are the tones of the larger stopped wood pipes of
an organ. The soft notes of an old-faghioned flute are
also somewhat of this nature, though the modern attempts
to give brilliancy to this instrument have in great measure
altered its original character. The vowel sound, « (Italian,
or oo, English) is also weak in overtones, Tuning-forka
have sharp overtones when first struck, but these soon
die away, and the prolonged sound is tolerably simple.

These instances will give some idea what simple tones
are like. They are soft, dull, and monotonous, and entirely
devoid of shrillness or brilliancy; and it is & ocurious
characteristic of them that they often give the impression
of being lower in pitech than they really are.

On the other hand, the addition of overtones gives
life, richness, brilliancy, and variety to the sounds, and
raises the impreasion of pitch. In proportion es the
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higher tones predominate, so will the sound be brighter
and sharper, or if in great excess, more metallic and thin;
but in proportion as they are weak, allowing the funda-
mental and lower harmonics to predominate, so will the
sound be more full, mellow, and sombre, approaching
thereby more closely to the character of the simple tone,

All the qualities of tone most valued and most useful
in music are Tich in harmonics, as will be sesn when the
tones of musical instruments come to be analysed.

When a discovery has been made of the constitution of
s compound body, by analysing it into its constituent
clements, the efforts of science are natvrally turned to
the converss process of proving the same proposition by
synthesis, or by combining the single elements and show-
ing that they will produce the compound. This proof is
not wanting in the present case; allusion has already
been made (page 43) to the organ, which shows a direct
practical construction of a aingle powerful musical sound
by building up its constituent partial tones. But other
examples of the seme process have been devised. Helm-
holtz has succeeded in combining simple sounde together
in such a way as to produce imitations, not only of the
vowel sounds, but of other peculiar qualities of tone; not
perfectly, from the extreme difficulty of imitating exactly
all the minute shades of difference that enter into the
combination, but still with sufficient success to dermon-
strate the general argument,

Wo are now in a position to identify the third prae-
tical property of musical sounds with the third feature
of elastic vibrations and the corresponding property of
sound-waves,

The several partial tones which constitute a compound
sound result from a combination of subsidiary vibrations
with the chief or fundamental one; these combine into
s gingle vibration of very complex form, and thus the
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character of the sound is identitied with the form of the
vibration ; and consequently as the form of the vibration
determines the varieties of arrangement of the compression
and expansion in the air, this again ig identified with the
Jorm of the transmitiing air-wave,

The form of the vibration, affected by all these gubsidiary
harmonie oscillations, must become very complicated, and
the transmission of all these motions by one sound-wave
of the air must involve more remarkable complications
still, Yet intricate as the process may be, there is no
doubt that the humsan ear has the wonderful faculty of
analysing in a moment the almost infinitely complicated
form of the wave, and of deducing from it & distinct series
of separate gimultaneous impressions exactly correspond-
ing to the separate vibrational impuwlses from which it
was originelly derived.

This is the great discovery of Helmholtz. In its com-
plete form it is entirely new; it solves a problem of the
greatest interest; the demonsfration is most conclusive
and admirable, and we are justified in prorounecing it
perhaps the greatest advence in mupsical acoustics that has
been made since the study of sound assumed a scientific
form.

But the doctrine of the compound nature of musical
sounds is not only applicable in explaining their guality;
it has many very important bearings on the structure of
music ; and, in fact, it formsa the feundation for almost the
entire philosophy of the art, so far as this can be referred
to natural phepomena. This point it will be the object of
future chapters to show.
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CHAPTER 1V.

THE THEORETICAL NATURE OF THE S0UNDS OF
MUSICAL INSTRUMENTS.

Havine discussed musical sounds generally, it is pro-
posed in this chapter to add some considerations on the
theoretical nature and mode of producéion of the sounds
of mugical instruments of various kinds,

This subject also lies within the domain of acoustics,
and therefore need only be here noticed briefly, referring
to the acoustical works for more full information,

The sounds of musical instruments are produced om
several different principles, namely—

By the vibration of strelched strings, as in the pianoforte
and violin.

By the vibration of reeds, as in the harmonium, clarionet,
and the reed stops of en organ.

By the vibration of elastic membranes acted on by air, a8
in the trumpet and horn tribe, and in the human voice,

By the wbration of elastic membranes struck with « solid
body, a8 in the drum.

By the vibration of elustic solid bodies, as in tuning-forks
and bells.

By the production of tthrations directly in the air vlself,
83 in the common whistle, the flute, and the general pipes
of an organ,

Instruments with stretched sirings.
Btretched strings form the foundation of some of the
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most important musical instruments, and the sounds are
obtained from them in several different ways.

The strings may be plucked, with the hand as in the
harp and guitar, or with a plectrum as in the harpsichord
and other old instruments.

Or the sirings may be sfruck with ¢ hammer, a plan
which, as applied in our familiar pianoforte, furnishes,
perhaps, nine-tenths of the music of the present day.

Or, thirdly, the strings may be excited with a bow, as in
the great family of instruments, of such wonderful capa-
bility, represented by the violin.

The use of strings for musical purposes is of great
antiquity ; probably, in the earliest records we have of
instrumental musie, thia mode of producing it appears.
It has, however, a more especial historical interest, be-
cause stretched strings furnished, in the hands of Pytha-
goras, five or six hundred years before the Christian era,
the fireb means of giving exaclitude fo the principles of
music.

Before his time, so far as we know, there was no
mode of identifying sounds, or expressing their relatione
to each other, except by the guidance of the ear. And
it was next to impossible, in this state of things, to
reduce music to any satisfactory system. He had, how-
ever, the genius to find out that, by means of the pro-
perties of stretched strings, sounds might be absolutely
and positively identified, and their relations accurately
compared and studied; and he thus brought music for
the first time within the range of mathematical calen-
lation, -

It will be interesting to mnotice the prineciples on
which he proceeded ; and we have a great advantage in
doing this, inasmuch as we now know the real physical
cause of the sounds, and can reason on the number of
their vibrations, an element of the question unknown in
Pythagorag's day. '
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The most important inquiry as to a stretched string
is, What is the pitch of the nots it will sound ?

This is influenced by three qualities which the string
poseesses, namely—

I. The weight.
2. The tension,
3. The lergth.!

First as to the weight of the string. In proportion as the
string is thicker, or Aeavier, it will, on mechanical prin.
ciples, vibrate more glowly, and conseguently it will speak
a lower nofe. A pglance inside a pianoforte will show that
the strings increase in thickness and weight as they
descend in piteh; and the lowest of all are usually lapped
with wire twisted spirally round them, to give them sufhi-
cient weight to produce the grave tome. The lower strings
of the violin and violoncello are also lapped with silver
wire for the same reason,

The rapidity of the vibrations is proportionats, snversely,
to the sguare root of the weight of the string :—for example,
if it is found that a pianoforte wire of a certain length
and tension, and weighing 40 grains per foot, makes 256

ibrati r second, sounding th P — -
vibrations per sac g the note @:;{t by sub
gtituting a wire of one-fourth the weight or 10 graing per
foot, keeping the tension the same, we shall find it makes
512 vibrations per second, and will consequently sound

the note E—_‘

1 The prineiples of siretohed sirlngs thereby demonsirated. Everystudent
may be well and easily studied pras- of the subject should meke himself
Hoally by mesns of & very usaful practically familiar with this excellent
instrument oalled & monochord, coutrivance; it in of great use in many
It s simply an arrengement for other ways for the study of musisal
atretohing & wire so that its varicus theory, on account of the facility with
slemants of leogth, tension, &o., can which, by adjusting the length of the
ba ensily mdjusted at pleasurs, and atring, definite and very emall differ-
their offect on the note sounded wences of piteh may be obtained.
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The second element is the tension of the string. The
fighter the string is stretched, the more rapidly will it
vibrate, and the higher or more acute will be the sound,
Thig is the foundation of the familiar principle of funing
all stringed instruments; which consista merely of alter-
ing the tension of the strings, in order to bring them to
sound the note destred. The tension on a pianoforte string
varies from 100 to 260 1bs.; on the whole of a large grand
piano it reaches as much as 16 or 17 tons.

The rapidity of vibration varies directly as the square
root of the tension. Thus if a wire be stretched with a
tensile force of 25 lbs, by increasing this to 100 Iba. the
vibration-number will be doubled, and the string made to
speak an octave higher.

The third element is the length of the atring. With the
same string, stretched under the same tension, the rapidity
of vibration ig exactly ¢n inverse proportion fo the vibrating
length of the string. Doubling the length will give half
the number of vibrations per second, and will produce a
note an octave lower. Halving the length of the string
will give twice the number of vibrations, and will produce
2 note an octave higher,

Hence all gradations of pitch can be produced by atop-
ping off the sfring to such a length as is suitable to the
note required. 'This is the principle of viclin-playing, end
it is this that gives to that class of instruments their ex-
quisite perfection of intonation; seeing that the performer
can adjust the length with the greatest accuracy.

This fact, namely, that the note sounded by a string
may be defined by its proportionate length, was the great
discovery of Pythagoras; and it will be seen, in a future
chapter, the important use he made of it in settling the
music of the Greeks on & basis intelligible for all future
time.

Taking the three elements of a stretched string all into
calculation together, it is possible to determine, by mathe-
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matical reasoning, what note any string ought to sound,
Or in other words, having a string of a given weight and
length, and stretched with a given tension, we may calca-
late, on unerring mathematical principles, what number of
vibrations it ought to make in a second of time}

Hence, since we can try by experiment what note such
a string will sound, we have a means of determining what
musical note corresponds to a certain given wbration
number, and conversely, what number of vibrations cor-
responds to any given note.

But stretched strings are very useful in regard to
snother important point of modern musical theory;
namely, as furnishing one of the simplest and most appro-
priate illustrations of the compound nature of musieal

gsounds, as described in the last chapter.
The diagram on following page will aid in the explana-

tion of this point.

1 The formuls for doing this was
first worked out in 1715 by Dr. Brook
Tayler, the learned mathemstician
and agther of the celebrated '* Me-
thodus Incrementornm,” snd it is sa
follows ;=

Le}. W = whale weight of string,

T = tension.
= length of siring.
L = length of & pendalum
vibrating seconds :—

Dble. Vib, }
per Beo.

Or it may be put in » more prastical
form, thus;—

s TF LT
—d '
2w

Assuming I, in the latitude of
London, = 39.126 inches; make 10 =
woight of the etring per ineh of its
length ; and ! = leogth iz inches, T'
and w being both taken in the same
unit.

Dhla. Vib.} _ 9825 l P

per. Sec. }" i v
Oz, for uorithmetieal caleulation,
multiply the tension in Iba, by 84,000,
divide by the weight in grains of a
foot-length of thesiring, and take the
square root of the quotient. Multiply
this by 9,825, and divide by shelength
of the siring in inches. The remult

will be ths numaber of double ¥ibra-
tlons per second,
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DIAGRAM TO ILLUSTRATE THE COMPOUND VIBRATIONS

OF S8TRINGS,
1V,
Fourth Partial Tone, 256 Vibrations.
-y
..w_. T - .N‘
111,

Tkird Partial Toze, 192 Vibrations,

II.
Second Partial Tone, 128 Vibrations.

L
Fundamental Note, or First Partinl Tone, 64 Vibrations,

I, and II,
Combination of First and Second Partial Tones.
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Suppose a string of such length, thickness, and ten-
sion, that when it is set sounding it will vibrate 64 times

in a second, giving the note ————

This simple vibration of the string as a whole may be
repregented by the figure marked I,

It one could prevent any other kind of vibration from
being aet up, the sound would be a simple one, giving
the fundamental note alene. But this would be diffi-
oult, for the string has & natural tendency to take upon
itself other motions, and thereby complicate the effect
produced. In the first place it will divide its length
into two equal parts, and each of these halves will set up
a vibration of its own, as represented in the figure II.,
with what iz called & nede or point of rest in the middle
of the string. And as, by a well-kuown mathematical
law, sach vibration of the half string will take place in
half the time of the main or fundamental one of the
whole string, we shall get an additional note due to 128
vibrations per second, forming the first harmonis, or
second parfial fome, an ocfave higher. Buf further, the
string may also divide itself into &hree equal parts, by
two nodes as in figure III, and each of these parts will
vibrete separately in omne-third the time of the funda-
mental vibration, giving the third partial tone a twelfth
above the fundamental. Similarly the string may further
divide itself into four, five, six, and a still greater number
of parts, each of which will form a perfect vibration of
itself, producing its corresponding harmonic or partial
tons, Only the four first are shown on the diagram, but
these are sufficient to illustrate the principle. The various
nodes are marked with the letter N.

Now when a string ia struck or bowed, it will not only
vibrate as a whole, but & number of these subsidiary vibra-
tions will be excited at the same time, and all will go on
simultaneously. It would be hardly practicable to repre-
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sent graphically the result of all these combined vibrations;
but the lower figure of the diagram is intended to show
the combination of the two simplest, <., the fundamental
note and ity octave,

‘We have only then to imagine a certain number of these
vibrations to be combined, varying in strength in the
proper way, and we get at once an intelligible and simple
idea of the nature and mode of production of a compound
sound.

And it may be added that this is not mere speculation.
Ingenious modes have been applied for rendering appreci-
able the motions of vibrating strings, and the compound
vibrations sbove destribed have been actually observed
and recorded.

The string gives the simplest example of the mode of
generation of a compound sound ; but the compound wave
of the air may be equally well produced by other means,
such ag a reed, or may originate in the air itaelf, as in an
organ pipe. In most cagses where a fundamental note is
formed, there is the same tendency for it to be accompanied
by subsidiary fractional vibrations, producing correspond-
ing overtones.

The character of string-tones varies considerably, ac-
eording to the manner in which the gound is produced,

When & single impules is given, either by striking, as
in & pianoforte, or by plucking, as in a harp, the number
and strength of the overtones depend chiefly on the nature
of the impulse, the place where it is applied, and the thick-
ness, stiffness, and elasticity of the string. Helmboltz
discusses fully all these points; but it will suffice here to
give only a few illustrations of them, When a string ie
pulled with a narrow point, or struck with a narrow, herd
hammer, so that only a small portion of the string is acted
on, theory shows that the higher subsidiary vibrationa
ought to be more numerous and powerful than when the
gtring is pulled with the aoft, broad finger, or struck with
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a broad, soft hammer; and hence the tone in the first
cage will be thin and metellic, in the latter full and
mellow. The construction of pianoforte bammers arrived
at by long experience, i3 precizely such as, according to
this theory, it ought to be, to produce the best tone,

The place where the string is struck is very important,
for the mechanical reason, that no harmonie tone can be
produced which has its node at or very near the point
struck, and that those harmonics are the strongest which
bave the striking point midway between their nodes.
This accounts for the fact that the astriking peint has
always been a subject of the most careful practical study
by the best pianoforte makers, leading to a remarkable
coincidence with theory, although the theory was unknown.
The point now adopted is generally at one-seventh to one-
ninth the length of the string, end this has the effect of
excluding from the series the seventh and ninth harmonics,
which, as will be seen by the diagram on page 40, are the
first which are inharmonious to the chord of the funda-
mentel note, and which if they were allowed to be power-
fully present would interfere with the purity and beauty
of the tone.

The firat six partial tones are all andiblein a good piano;
the three first strong, the fifth and sixth weaker, but still
clear; the seventh and ninth, bad ones, are excluded, as is
also the eighth, a good one (but this can well be spared
as it is merely the octave of three lower ones), and all
above are too weak to do any mischief. Helmholtz has
given a table of the comparative strength of the six first
partial tones, as produced with hammers of different kinds,
With a perfectly hard hammer they are 100, 325, 500,
500, 325, 100 respectively; with a medium one, 100, 249,
243, 119, 26, and 1; and with a very eoft one, 100, 100, 9,
2, 1,and 0. These figures are obtained purely by mathe-
matical ealculation,and they agree generally with the facts
observed,

The nature of the string itself also affects in a powerful
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degree the production of the harmonics; thin and flexilile
strings will vibrate in short lengths nmmch more easily
than thicker and stiffer ones, and will be more liable to
produce the higher overtones. And hence the well-known
empty metallic jangling sound of thin wires. This is
one reason why the thicker strings used in modern pianos
allow of a more powerful blow, without the produetion of
the high and unfavourable tones that would inevitably
result from such a powerful impulse applied te a thin
string.

The vibrations of strings excited with the bow do not
admit of mathematical determination beforehand, as it is
impossible to define accurately what the action of the
bow will be in imparting the motion. But by an exeeed-
ingly ingenious contrivance, Helmholtz has succeeded in
applying the reverse process, by rendering the actual
vibrations of a violin string visible; and by an equally
ingenious train of mathematical reasoning he has been
eble to analyse the complicated motions it exhibits, and to
resolve them into their original harmonic elements. The
general result is as followa.

All the harmonics are present which the stiffness of the
string will allow, and they are easily heard. As a general
rule, they diminish gradually in strength upwards, in in-
verae proportion to the square of their ordinal numbers.
When the vibrations are perfectly regular, the tone is very
pure and agreeable ; but the strings are liable to irregu-
larities and interreptions in the vibratior, not only from
unskilful bowing, but also from imperfect elasticity in the
material of the violin, inagmuch as the sound is propa-
gated through the air, not so much from the string itself
a3 by the resonance of the wood body. The great differ-
ence in the quality of tone of instruments by different
makers is due to this cause, apd the improvement of
viclins by use and by age is accounted for by their
beneficial influence on the elasticity of the wood. Henes
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also the superiority of the tone produced, even on an
indifferent violin, by & good player, who can so command
the action of his bow as to produce the utmost regularity
of which the instrument is capable. These are not now
mere speculations, as heretofore; they are positive phy-
sical phenomena, which have been demonsatrated by carefnl
observation.

There ia an element in stringed instruments, in addition
to the strings, which is of such importance as to deserve
notice, namely, the sound-board, Although the strings are
the source of the sound, their tone would be very thin
and poor if used alone; it is modified, amplified, and im-
proved in quality by the vibrations being communicated
to a much larger resounding body.

In the violin tribe the whole body of the instrument
acta as a sounding-board. The vibrations are communi-
cated from the atrings to the bridge, and from the bridge
to the body, which then sets up vibretions of its own
corresponding in rapidity to those of the strings, but
altered in amplitude and form, and it is these vibrations
which are tranemitted most prominently to the ear.

" In the pianoforte the sounding-board is a sheet of thin
firwood placed immediately under the strings, and com-
muniecating with them by bridges, as in the violin. The
wires give the note; but for the power and quality of
tone the spending-board is responsible, This is a more
remarkable case than the violin, on account of the nurber
of different sounds that are given off togsther. The same
board appears, at one and the same time, to form part
of any number of gystems of vibration, and to vibrate in
unison with every note of a chord. Thus any number of
notes struck at once will distinctly impress the ear; and
aa it is certain that every note must have a distinet and
separate set of compound vibrations in the sound-board
peculiarly belonging to itself, the mind becomes bewildered
in trying to imagine the immensely complicated motions
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that must be going on in that simple-looking sheet of
Swiss pine.

Instruments with Reeds.

In another cleas of musical instruments the tone is
produced by the vibration of what is called a reed, 4e, &
thin tongue of some elastic substance, which is placed in
or upon an opening through which air passes. The current
sets the reed in vibration, by which the sperture is alter-
nately opened and closed with great rapidity, the effect
"being to divide the current up into a series of puffs, each
communicating a distinet impulse to the air, and the whole
combining into the succession of vibrations producing the
sound,

The simplest applications of this principle are in the
harmonium, ¢oncertina, and accordion, where the reed
may easily be seen. The cbos, clarionet, and bassoon, and
whaet are called the reed stops of an organ, owe their tones
also to reeds, similar in principle, but of varied forms of
construction ; and in them the air, issuing from the reed
opening, is allowed to pass through pipes of various forme,
in which the vibrations receive additional strength and
other modifications, and the sound produced aequires
greater power and variety.

Under this kind of interrupted impulse, the tendency
to form overtones is at a maximum, and observation proves
that the sounds of these reeds contain a long meries of
harmonics up to the sixteenth, or even higher, which pro-
duce the peculiar sharp cutting quality characteristic of
them. The number and strength of the overtones will
depend on the more or lesa yielding quality of the reed,
and when this is such as to give the dissonant higher
tones material strength, the quality becomes harsh and
disagreeabls. In the tones of the harmonium the par-
tials with odd numbers are generally the most pre-
dominant.

In organ teed stops the effect of the added pipe is
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to strengthen those harmonics which correspond to the
vibration of the column of air in the pipe, and so to
modify and improve the toue,

In the organ and allied instruments each note has a
separate and independent reed, and the pitch of the note
sounded depends on the length and weight of the vibrating
tongue,

But in the clarionet, oboe, and bassoon, one reed is made
to serve for the whole scale of the instrument, sounding
perhaps thirty or forty different notes. Itis made of very
light flexible wood, and is sc sensitive that its velocity of
vibration is capable of instantaneous alteration in sympathy
with that of the vibrating columu of air in the pipe; so
that when this column is lengthened or shortened by the
closing or opening of holes in the side of the tubs, the reed
and the air both change simultaneously their velocity of
vibration.

The clarionet has & ¢ylindrical pipe, which has the effect
of strengthening only the partial tones with odd numbers,
namely, the 1st, 3d, 5th, and so on distinctly audible up
to the 7th. The tubes of the oboe and bassoon, which
are conical, strengthen all up to a certain height, but not
higher, so as to do away with the disagreeable effect of
the high dissonant sounds,

Instruments sounding by the action of elastic membranes
on a current of avr.

Another mode of sound preduction, somewhat anale-
gous to the last nmamed, is by the action, on a current of
air, of slastic membranes,

The human lips afford the most common example of
this. When they are pressed into the mouthpiece of a
trumpet, for instance, and air is blown through them, in a
particular way, they fall into vibratione, and communi-
oate their vibrations to the colummn of air entering tha
tube of the instrument. The vibrations are modified by
the length and form of the tube, and a sympathetic influ-
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ence is sent back to the lips, so that the periods of the
two correspond.

The horn, trombone, cornet-&-piston, and bugle are all
on this principle; and in order to get an air column
sufficiently long to vibrate certain notes, and still to
keep the instruments portable, the length is usually dis-
posed in spirals or other curvilinear forms. The notes
are varied by causing the vibration of different harmonic
fractiona of the air column, & process naturally carried out
by the sensitiveness of the lips; and intermediate varie-
tions are made by altering the length of the column by
valves or slides, or by introducing the hand into the bell
of the tube,

The vibrations in these instruments are very powerful,
and contain, like the reed sounds, a large series of over-
tones, which, though they are to some extent meodified,
in their higher extent, by the tubes, suffice to give great
shrillness and brillianey to the tone,

The phenomena of wind instruments have not been
so perfectly investigated as those of strings, but sufficient
hes been said to show the general applicability of the
theory.

The human voice is an instrument of the same kind, the
vibrations being produced by the elastic vocal chords of
the larynx, and modified by resonance in the cavities of the
throat and mouth. It has the advantage over all artificial
instruments in the great facility and precision with which
the variable elements can be adjusted so as to produce
almost infinite diversities in the pitch, the lowdness, and
the quality of the sound. The pitch depends on the
tension of the vocal chords, determining the velpcity of
their vibration; and the loudness on the energy of the
oscillations given to the passing air; but the quality of the
tone appears to depend chiefly on the regonance of the air

In regard to this latter point we may refer to those
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more marked differences in quality produced in one
and the same voice by the varieties of vowel sounds.
The consonants are mere sccidental mechanical effects
accompanying the emission of the voice, but the vowel
sounds are clearly variations in the t¥mdre of the voice
itself.

The investigation, of this interesting subject has long
occupied physicists, among whom our own countrymen
Wheatstone and Willis deserve honourable mention.
Helmholtz has completed the explanation and brought
it within the range of his general theory.

The sound issuing from the larynx is produced under
circnmstances the most favourable possible for the pro-
duction of overtones, and experiment shows them to be
plentifully present. In a powerful, clear bass voice the
harmonies cen be clearly heard, by the aid of resona-
tors, up to the sixteenth or the fourth octave above
the fundamental; and in forced notes harmonics may be
produced reaching up to nearly the highest notes of a
modern pianoforte.

The strength of the overtones, particularly of the higher
ones, is pubject to much variation in voices of different
quality; being more powerful in clear and sharp voices
than in weak and dull ones. The great differences in
quality that are found, by everyday observation, to exist
between different voices may lie partly in this, and partly
in other snatomical and physiological variations of strue-
ture and action thai are diffieult to describe, although
Helmholtz makes an attempt af the description, If we
could hear the tone of the larynx alove, unaffected by the
resonance of the air passages, we should probably find that
the loudness of the harmonic tones diminished gradually
and evenly upwards, like those from any other reed ; and
in some vowels, such as the German &, in which the
mouth assumes a funnel shape, this is tolerably near the
actual effect.

In the majerity of cases, however, the strength of the
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overtones is much varied by modifications in the form and
contents of the air spacea; for in proportion as these are
altered, either by the lips, the jaws, or the tongue, so the
resonance is made to correspond with special notes; the
consequence of which is to strengthen the overtones whish
approach nearest to these, and to damp the others. By
experiments with resonators the first six or eight overtones
are always found present, but in greatly varied strength
according to the position of the mouth, sometimes pierc-
ingly gharp in the ear, sometimes scarcely perceptible,

We cannot follow Helmbholtz into the elaborate detailed
investigation he hes made of this subject; it must
suffice t¢ say that he hes perfectly identified the vowel
sounds with the musical notes corresponding thereto. He
finds these constant in all persons, irrespective of sex
or age, and suggests that they will furnish to philologists
a means, which has long been wanting, of defining with
physieal accuracy all the nice shades of distinction in
the vowel sounds of different languages or varieties of
speech,

The varieties of vocal sounds differ essentially in their
constitution from those of artificial instruments, inasmuch
as in the latter, for a certain quality we suppose that the
arrabgement of strength of overtones bears always the
game relation to the fundamental, whatever this may be;
whereas, in the voice the peculiar quality producing vowel
sounds depends on the strengthening of certain fized nofes
of the scale, or some very near them, independent alto-
gether of the pitch of the fundamental,

A curious illustration of the mechanical formation of
vowel sounds is furnished by the experiment, that if we
ging into an open pianoforte, with the dampers elevated,
one of the Italian vowels, the same vowel sound will
be returned and prolonged by the instrument, showing
that it depends on vibrations spontaneously imitated by
the strings.

To show that the theory of the formation of vowel



64 THE MATERIAL OF MUS/C.

sounds ia correct, Helmholtz has succeeded in produecing
them artificially, by combining the different partial tones
of which he asserta they ars composed. The operation is
a very difficult and delicate one, but it has succeeded well
enough to substantiate the proof of the theory.l

Instruments producing their sounds by percussion of
sirelched membranes.

The most familiar representative of this class is the
drum, in which a stretched disk of elastic parchment is
struck with & stick. In the big-drum and side-drum no
musical note is aimed at; but in the kettle-drum, used in
the orcheatra, the parchient ean, by screws on the circum-
ference, be given different degrees of tension, which, on
the principle explained for strings, will give different
degrees of pitch, In this drum also the membrane is
stretched over a hollow cavity, which acts as a resounding
chamber, and considerably improves the tone.

Instruments depending on the percussion of solid bodies,

The chief instruments of this class are tuning forks,
triangles, cymbals, glass and wood harmonicas, and bells.

Most of these have a peculiarity in regard to their over.
tones. In the cases hitherto described, all the partial-
tones have been supposed to correspond with the regular
harmonics due to simple multiples of the vibrations of the
fundamental. But there are some cases in which the
nature or conformation of the vibrating body is such as to
give rise to what may be called irregular overtones, having
inharmonic relations to the fundamental F¥or example,
the first overtone of & tuning fork gives an undefined
variable note, vibrating somewhere between §.8 and 6.6
times es fast as the fundamental, and the others are equally
inharmonic.

1 flome valoable investigations em Edinburgh, and by Messrs. Preacs
vowg] sounds have been published by and Stroh in the Proceedings of the
Profesocr Fleeming Jenkio in the Royal Society of London.
Transactlons of the Royal Socisty of
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The subsidiary tones thus preduced arve called inhas
monte overtones; and the compound sounds which con-
tain them lose, in proportion as they prevail, the satis-
factory character of musical tones normally constituted:
for which reason their use in music can only be tolerated
when the fundamental largely predominates, and even then
only with certain precautions.

Not only tuning forks, but elastic bam in general, also
flat elastic plates (whose properties wers 8o curiously illus-
trated by Chladni), and atretched membranes, have this
peculiarity. Bells also give overtones, many of which are
inharmonie, and which vary according to the make of the
bell, so that part of the skill of the founder lies in se pro-
portioning the bell as to produce the leart unmusical effects
from this cause. If the form of the bell is not quite sym-
metrical, one part being thicker or heavier than another,
two notes a little out of tune with each other are produced.
By striking certain parts of the bell, either of these notes
is sounded ; by striking other parts both sound together,
which causes the beats so often heard when the sound of
a bell is dying away.

Skilful players have often attempted to perform upon
bella not only changes and melodies (as in the chimes and
carillons 80 common in Belginm and Holland), but also
music in harmony ; but the effect on the latter of the in-
harmonic overtones is so powerful as to render such music
almost unendurable—a result which, though practically
long known, has never before been satisfactorily accounted
for,

Tnstruments tn which the origin of the sound is in the air
viself.

Io all the cases treated of hitherto, the sound has had
its origin in some vibrating body, the vibrations being
communicated from it te the air. But musical sounds
may also be produced by setting up vibrations in the

E
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air iteelf, without the aid of any original vibrating
body.

The most simple example of this is the common whistle,
A thin flat current of air is caused to impinge on*a sharp
knife edge, which cuts it in two, the effect being to set up
e sort of fluttering or beating action, and so to put the air
in regular vibration, producing a musical note. In most
cager this apparatus forms the foot of a pipe, and the sharp
cutting edge is so placed that part of the air enters the
tube, setting the whole column it contains into vibration,
and so preducing a powerful tone. The tube may be either
closed or open at the top, and may have other modifications,
all influencing the sound.

On this principle are constructed all the pipes of an
organ, except the reed-stops before-mentioned. The Ger-
man flute and the flageolet also belong to the same class.
Taking an organ-pipe aa the best example, the pitch de-
pends on the length of the vibrating eolumn of air, which
is determined by the length of the tube, and whether the
top is open or atopped,

With an open pipe it i3 found that the length of the
sound-wave produced will be doubls the length of the pipe;
and hence, assuming the velocity of sound to be 1100 feet
per second, if a pipe be I feet long the length of the sound-
wave will be = twice I, and the pipe ought to produce

1

a note vibrating —,I,%E times per second. Or conversely,

if » = the number of vibratione per second corresponding
to any given note, the length of the pipe in feet should

beaiﬁ’.,
v

Take, for example, the note S2———"" w}hich corresponds

to 512 vibrations; the length of an open organ-pipe
sounding this should be §1§ = 1.07 feet. In practice the
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tule is somewhat modified by the diameter of the pipe;?
but it is a fact that the pipe corresponding to this note is

about one foot long. For the C below, @ having

256 vibrations, the pipe will be about two feet long; for

____u:B—‘_ of 128 vibrations it will be four feet long, and

so on, doubling for every octave the note descends. Now,
as Cis considered Ahe most important note of an organ,
the different octaves of this note have acquired, in organ
nomerclature, the names of one-foot C, two-foot C, four-
foot C, and so on, down to 16-foot C, which is the lowest
note in ordinary organs, and 32-foot C, which is the lowest
in very large ones.

If the pipe is stopped at the top, the effect is to make
the length of the sound-wave four times the length of the
pipe, or, in other words, to meke a stopped pipe speak an
octave lower than an open oue, the theoretical length of
275.

v

In the German flute the pitch depends an the effective
length of the tube, which is varied by opening and eloging
holes in its side,

The tone of these instruments is often modified by the
addition of the rushing noise caused by the wind ; but the
same laws in regard to the production and effect of over-
tones apply as in all other casea of musical sounds.

‘Wide stopped pipes, on account of peculiar relations of
the mass of air in vibration, give their fundamental note

the pipe, measured up to the stopper, being

1 Mir. Ellis {*' Natere,” p, 172, a6th  Doubls vibrations per } _ sooBo
December 1878) has shown that the seoond T3 +sD
influence of the dismeter on the piteh 5593 _§
of open organ-pipes may be sxpressed orLx - 3‘9'

by the following formula: Let L=

length from lower lip to open end; “g': 'I':,;ﬁ:h b’::;; Pole ia
and I} = internal diameter; both in vure, ugust

inohes. Than, af 60° Falr,,
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almost pure, with but little accompaniment of overtones;
but narrower ones have the addition of the third partial
tone or twellth, an effect well known in what in called the
*atopped diapason” register of the organ. In modified
forme the fifth partial fone may also be heard; but the
partial tones with even numbers, representing the octave,
double octave, &c., are absent.

This peculiarity of stopped pipes, and their general
deficiency in overtones, gives them a dull, weak, hollow
quality of tone, eapecially in the bass, which econtrasts
remarkably with that of the open pipes, the latter being
much clearer and more brilliant from their greeter rich-
ness in overtones,

In narrow, open pipes, such as those of the organ stops
called the violone, viola di gamba, &c., the fundamental
notes are weak, and are accompanied by a series of strong
overtones {often audible up to the fifth) which give a
thin tone, somewhat imitating the stringed instruments
from which they take their name, In the larger open
pipes the fundamentsl tone is stronger, and the overtones
are less prominent; and these are consequently the most
useful pipes in the organ. In open wood-pipes Helmholtz
found only the second partial tone prominent, the third
weak, and the higher ones inappreciable. In metal ones
the fourth waa also audible. The well-known difference in
quality between pipes of wood and metal is partly owing
to this, and partly to the fact that the wood surfaces do
nob resist the vibrations so well as the metal ones, where-
by the higher tones appear to be more resdily extinguished
by friction.

The peculiar qualities due to special forms of organ pipes
are due to exceptional arrangements of the harmonics
produced thereby; for example, in pipes with a conically
diminished top, the fifth to seventh partials are especially
prominent, giving a thin but clear and characteristic tone.
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CHAPTER V.

THE GENERAL ARRANGEMENT OF MUSICAL SOUNDS
BY STEPS OR DEGREES.

Now that we have formed some philosophical idesa of the
nature of the material of musie, we go on to consider the
way in which this material is made use of.

Music finds, as Helmholtz remarks, an infinitely rich
but totally amorphous plastic material in musical tones,
which may be shaped into form, unfettered by any of the
restrietions that apply to other of the fine arts. Painting
and sculpture, for example, are fettered by the necessity
for imitating nature; poetry must conform to the existing
gymbolical meaning of sounds ; architecture must consult
utility of comstruction ; but music is absolutely free to
dispose of her material in any way whatever, which the
artist may deem moast saitable for his purpose.

Hence it is exceedingly interesting to trace in what
way this artistic work hes been carried out; and it seemms
desirable, before going into the complex structure of muasie,
to investigate what we may call the elementary arrange-
ments of the material, or, in other words, certain simple
elementary forms into which musical sounds are arranged,
a8 preliminary to the more complex designs that are after-
wards built up from them,

This plan is quite eonsistent with the analogy of other
cases. In language our raw material is, in writing, letters;
in speaking, vowel and consonant sounds;—these have to be
arranged in the first instance into words, which have then
to be combined into grammatical gsentences, Or take au
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apalogy used before, that of building structures, Nature
provides rough stone in the quarry, or clay in the field, or
woody fibre in the forest, or ironstone in the mine; but
these, before they can be used by the architect or engineer,
muat be fashioned into primary or elementary forms—the
stone into squared blocks, the clay into bricks, the timber
into baulks or planks, and the iron into bars,

And so, in music, we have analogous primary or
elementary nrrangements of the material, which the
composer, like the grammarian or the architect, uses for
hie atruetural operations. And, since we are investigat-
ing firet prineiples, it is clearly philosophical and logical
to devote careful attention to these before we attempt fo
go farther,

The simplest application of musical sounds is to form
melody, which consiats, as has been said, of a series of
gingle musical sounds taken in succession. Everybody
accustomed to mausic knows what is meant by a fune or
air, such as is sung by a single voice, or played by an in-
strument one note at & time: and this is what is calied &
melody.

Thers are several features which must be combined, to
form what, in modern music, is considered & proper
melody; but the most essential and fundamental one is,
that the notes must not be taken at random among all
possible sounds: they must be selected from a certain
definite series.

It has been already stated thet the number of sounds
producible, all differing in pitch, is theoretically infinite,
and is practically very large; so that in a single cctave a
pengitive ear may distinguish 50 to 100 different sounds.
But if we were to take a number of these sounds at
random, or to glide by a continwous transition from one
sound to another, we should not make what we call musis.
In order to do this we muat use only a certain small number
of sounds, forming & well-defined and determinate series,
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For example, in ascending from any note to its octave,
we proceed by a succession of definite steps or degrees,
These steps may vary in magnitude and position, but
for our ordinary modern music we use seven steps, of
unequal height, having sometimes smaller steps inter-
posed between them.

Such s series or succession of sounds is called a acale,
from its analogy with the steps of a staircase (Latin,
scala). The French use the same term as for a ladder
dchelle ; and the Germana ¢all it Tonlester, or ladder of
musical sounds.

‘We need not here trouble ourselves as to how the steps
should be arranged ; that will be the subject of the follow-
ing chapters. The point to be made out here is, that in
order to make what is called musie there must be some
limitations in the number of notes that are used, and that
a definite series of some kind must be adopted, from which
the notes of melody must be chosen.

Now it is evident two theoretical questions arise here—

1. Why is there this limitation in the number of the
sounds that may be used? And

2. On what principle is the selection made to form an
allowable zcale ?

First, then, why need there be any particular selection
or limitation of the sounds to be unsed? Why cannot
melody be made by using any we please out of the
infinite number of sounds possible? Why is it neces-
gary to proceed by steps, and forbidden to progress by
continuous trangitions? The question is a curious one,
It appears to be a fact that all nations, in all times,
who have made music have adopted such & selestion,
although they have not always selected the same series of
sounda.

Helmhoitz is the only person who has attempted to give
an answer to this question, His explanation is somewhat



74 ELEMENTARY ARRANGEMENTS,

metaphysical and difficult, but it appears to be easentially
as follows :—

He believes that the resson is a psychological onme,
and is of the same nature as the feeling which has led to
rhythmical division in poetry and musie,

The essence of melody is motion; and this motion, in
order to produce its proper effect, must be effected in such
& manner that the hearer can eaaily, clearly, and certainly
appreciate the character of that motion by tmmediate per-
ception. DBut this is only possible when the steps of this
motion—their rapidity and amount—are also exactly mea-
surable by immediate perception, Therefore the distance
between the various successive notes must be definite and
positive, and the alterations in pitch must proceed by
regular and easily appreciable degrees.

It may be objected that continuous curved lines in
design, addressed to the eye, not only produce a pleasing
effect, but are usually cousidered more beautiful than
angular stepped transitions of form; and by this analogy
the continuous progression of sound might be supposed to
be more pleasing to the ear than abrupt change.

But Helmholtz has an ingenious answer to this. He
says that the eye which contemplates curves can take in
and compare sll parts et once; or can at leaat return
backwards and forwards, sc as to get a comprehensive
simultaneous idea of the whole, But the individueal parts
of a melody reach the ear in succession ; we cannot observe
backwards and forwards at pleasure, Hence, for a clear
and sure measurement of the change of piteh, no means is
left but progression by determinate degrees. When the
wind howls, and its pitch rises or falls, in continuous
gradation, we have nothing to define the variations of
pitch, nothing by which we can compare the later with
the earlier sounds, and comprehend the extent of the
change ; the whole phenomenor produces s confused im-
pression, which, whatever else may be its character, is cer-
tainly not music. The musical acale (or definite series of
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notes) is, as it were, a divided rod by which we measure
progression in pitch, just as rhythm measures progression
in time.!

Helmholtz shows, by 2 quotation from Aristotle, that
the ancients had this ides of the analogy between the
scale of tones and the acale of rhythms; and further
remarks, that we consequently find the most complete
agreement among all nations that use music at all, from
the earliest to the latest times, as to the separation of
certain determinate degrees of pitch, these degrees form-
ing the scale in which the melody moves,

Whether this explanation is fully satisfactory or not,
at any rate it 18 novel and ingenious, and probably the
best that can be given.

The second question, namely, On what principles ia
the selection of sounds made to form an allowable
scale ? is a much wider one, and will require more study
to answer,

! A ocontinuous slide between two two enda should be definite, and it
notes, on instruments that will effect should be sparingly uved, It is often
it, an the voice or wiolin, is ndmitted grossly nbused by ipnorant or taste-

in music, as &n ornament, under lesk wingers.
the name ‘‘portamento;” Lut the
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CHAPTER VI
MUSICAL INTERVALS.

BEPORE we can make any progress in investigating the
formation of scales, we must consider the proper mode of
defining the steps or degrees of which they are composed.

The step or distance from one musical acund to another
of different pitch, is called, in musical language, an i~
terval, and it will be well here to conaider the subject of
intervals generally, and to show how their magnifudes are
determined and expressed,

In the first place, it may be remarked that, in practical
modern musie, certain defined intervals have received cer-
tain names, and are referred to a practical scale of magni-
tude determined empirically. The nomeunclature of these
intervala is usually taught es one of the first steps to a
knowledge of harmony or practical composition, and it
will be sufficient therefore to refer to a diagram, which
contains all the intervals in ordinary practical use.

The determination of their several values will be ex-
pleined in Chap. XII.
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The intervals in the foregoing table are limited to the
extent of an octave. The nomenclature of those exceed-
an octave may easily be deduced. For example,

ig called a minor ninth; it consists of & minor

second plus an octave; it contains 1 4 12 = 13 semitones;
its ratio i3 }§ x 2 = §}; and its logarithmic equivalent
is 28 4 301 = 329,

Similarly

is a major seventcenth, consisting of a major

third plus two octaves; its ratio is § x 4= §, and its
logarithm = g7 4- 602 = 690.

A few of these intervals greater than the oclave are,
in the practical rules for harmony, trested distinctly and
individually ; the ninths, for example, majur and minor,
are of considersble importance, and are distinguished
broadly from the major and minor seconds. But as a
general rule, when the two notes become very wide apart,
the interval is, in practical harmony, assumed to be equi-
valent to that between two notes of the same name within
the compass of the octave. For exampls,

ﬂ e
1 ==
. "'Ea_- — ,,..__;:.:..

would be coneidered as a
sth. Major 3d. Minor 6tb. Augmented Octave,
6th,

And 80 on.
It must not, however, be inferred from this that inter-
vals widened out by the interposition of octaves remain
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the same In an aconatical point of view. The effect on the
ear of & major third, for example, when the two notes are
sounded together in harmony, will be materially altered
if the interval be increased to a major temth, and still
more if increased to & major seventeenth. This will be
explained hereafter under the head of Harmony.

If the relative positions of the two notes of an interval
be changed, by raising the lower note or depressing the
upper one an octave, the interval is said to be tnverted,
Thus in the following examples a fifth when inverted be-
comes a fourth; a major third inverted becomes a minor
gixth; & minor second becomes a major aseventh; and
80 on.

n Invenion. Inversion. Inversion.

e

-

The unit of magnitude usually referred to in practice
as a measuring scale for intervals, is the semifone as it is
known on the pianoforte. But this, as will be seen here-
after, is an empirical and not a scientific datum. And
besides, as the number of possible sounds is theoretically
unlimited, so the number of possible intervals is theo-
retically unlimited also. Hence, for theoretical purposes,
8 more comprehensive and philosophieal system of defini-
tion and messurement is necessary,

We have seen that the pitch or degree of acuteness of
mugical sounds depends on the rapidity of the vibrations
that cause them. Hence it is possible to imagine & scale
of acuteness analogous to the scale of a thermometer, and
to fix the position of any musical sound in the scale,
according to its corresponding vibration- number, as in the
following example ;—
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This being so, if we want to define the interval between
any two sounds, the simplest way would appear to be to
take the difference between the vibration-numbers of the
upper and lower sounds, just in fact as we should doin
taking differences of temperature on the thermometer.
But this will not do, for a reason specially musical, which
prevents the application of this analogy of ordinary scales,
It is found by experience that the impression preduced on
the ear in different cases does not aceord with the differ-
ences between the vibration-numbers,

An example will make this clear, The notes in the
preceding diagram are sll repetitions of the game note in
different octaves; and it is a matter of observation that
the same impression is produced on the mind by the in-
terval of the octave wherever it may lie; {.e., the two lower
notes give an impression of the same distance apart as the
two upper ones, or 43 any two contiguous ones in the
middle, But it will be seen that the difference of the
vibration-numbers veries widely in each of the four octaves,
and hence it affords no proper measure of the interval in
question.

The true measure is the ratio of the vibration-numbers
of the two sounds, or the higher vibration-number divided
by the lower ; this will be found in each case the same
- A0 = $12 = 358w Y3 = 2072 : 1, which is estab-
lished a8 representing truly the interval of the octave.

Similar cases might be tried to any extent in any part
of the scale, and the result would be uniformly that it is

¥
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the ratio of the vibrations that ia the true exponent of the
musical character of the interval. By a similar principle
we ahould find the ratic for—

A fifth -+ 4+ e o, mBorg:cz

Afourth . . , . . . =forg:3

A mpjorthid . . , , , =mforg:g

Aminerthid , . . . . = for6: 3
and 80 on

These ratios are inserted in the diagram for all the
intervals there given.

This definition by ratios suffices well enough for single
intervals, and it is the only one usuaily given in works on
the theory of music. But when the intervals have to be
combined, and calculations made respecting them, the man-
agement of thess ratios becomes exceedingly troublesome,
For example, if it be desired to add a fifth to a fourth,
producing an octave, the ratios must not be aedded, but
must be mulliplied together; thus, § x § = ¥ = 2. Or, if
we wish to subtract a major third from s £fth, the ratio
representing the latter must be divided by that of the
former; thus, § + § = }§ = § which represents a minor
third,

To avoid this complexity, and to bring the calculation
of intervals into a form more in analogy with that of
other philosophical acales, the plan has besn adopted of
expressing the interval, not by the ratio itself, but by the
logarithm of the ratio. This plan gives the great advantage
that intervals sc expressed may be added or subtracted, pre-
cisely as linear measures, or degrees on any other scale.

The mode of finding the logarithm for any interval
is exceedingly simple. The interval being expressed by
its ratio in the form of a fraoction, take, from any ordinary
table of logarithms, the logarithms corresponding to the two
numbers of which the fraction oonsists ; then subtract the
lesser number from the greater, and the remainder will
be the logarithn required. The published tables usually
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give the logarithms to 5, 6, or 7 places, but the first three
figures will suffice for all ordinary purposes of musical
calculation!

Thus for the interval of the fourth, which corresponds
to the fraction §, we should find by the tables—

Log. 4 . . . . . . . . = 602
Log. 3 e e s . . e e = 477

Log. representing the interval of the fourth . = 125

Here, therefore, we get a philosophical mode of great
simplicity for expressing the interval between any two
musical sounds whatever, no matter whether consonant or
dissonant, or even whether they belong to the musical scale
at all. If we can only identify the two sounds by the
numbers of their vibrations, the logarithm of their ratio
will give an accurate representation of the interval in a
way far exceeding any other method in intelligibility and
practical clearness.

The logarithmie values for the different intervals in ordi-
nary use are inserted on the diagram.

As an example of the accuracy of this mode, it may be
shown how exactly the definitions thus obtained corre-
spond with the ordinary practical notions of the nature
and magnitude of intervals,

Logarithm.
Affth . . . . . 176
Added to s fourth - . . 125
Make an octave . . . . ;I:l-
A major sixth . . . . 222
Added to & miner third . . 79
Make an octave . . . 301

1 Also for this purpose the custom- = 060205, but {t may be treated ma
ary index and the decimal point may simply = 6oz,
be omitted, and the logarithms con- A small choap tabls of logarithms
sidered as whole numbers. Thun the is published by Messra. Spon, Charivg
logarithm of 4 is, properly, in 5 places Croas.
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Logavithm.
A minor gixth . . . . 204
Added to a major third , . . 97
Make an octave . . . 301

A major third . . . . 97
Added to a minor third . . . 79

Make a fifth . . . N 176

A fourth . . . . - 125
Added to s major third - . 97

Make a major slxth . . . 222

It is one great advantage of the logarithmic mode of
expressing intervals, that by laying the logarithms down
on paper, or, as it ia termed, * plotting ” them, to any con-
venient size, a representation may be given to the eye of
the relative magnitudes of the intervals, analogous to the
impression which they make on the ear.

Further explanations of this, with examples, will be
found in Chaps, XL, and XII.

To express the value of an fnverfed interval, firat invert
the fraction, and then multiply it by 2. Thus the inver-
gion of & fifth § is = § % 2 = §, ., a fourth.

In logarithms, simply deduct the vaiue of the interval
from 301, the logarithm of the octave.
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CHAPTER VIL
HISTORY OF THE MUSICAL SCALE!

WE may now proceed to the main question, On what
prinetples is the selection of sounds made, o form an allow-
able musical scals !

We are met, at the outset, with the fact, abundantly
proved, that the selection has varied considerably among
different nations and at different times; end hence it is
necegsary to notice briefly some cases of the kind, and
particularly to ascertain something about the origin of the

form of scale we at present use.
These historical considerations are by no means irrele-
vant to the theory of music, for they often throw light on

obscure points of prineiple.
as in many other things, to

1 Tn regard to the historical matter
contained in thiv and subsequent
chapters, particulariy s to Gresk
muria, the following autboritien have
heen mads une of in sddition to the
work of Helmholtz :—

An Explanation of the Modas or
Tones in the Anvient Greclan Music.
Ry Sir Francis Haakins Eylea Styles,
Bart,, F.R.8. Phil, Trans,, x76c.

A General Hivtory of Music, from
the Rurlieat Ages to the Present
Period. By Charles Barney. London,
178g.

Article by Professor Fortlage on
" Griechische Musik” in Ersch and
Qriiber’s Allgemeine Enoyclopmdie
der Wissenschaften und KRoste.
Leipzig, 1B52.

Huermonik and Melopiie der Grie-
chen. By R. Westphal. Laipsig, 1863,

We are too apt in music,
confine our thoughts within

Hintoire Générals de la Musigue.
Par B T. Fétia, (Vol ifi. Music of
Asis Minor and Greeos. Paria,
187a.)

The History of Muesic. By Wm,
Chappell, F.B.A. Loudon, 1874

Hutoirs ot Théoris de la Musique
de P'Antiquité. Par F. A, Gevaart,
VoL L Gand., 3875,

Euaelid's Treatives, Ecsayoryd A
povich, snd Eerarouh Kardror. Puc:
lished in his Complets Works, with a
Latin translation by Gregory. Ox-
ford, 1703,

No attempt in made in thess pagms
to give any complete scoount of the
slaborate Greek systems; only thoss
pointe are mantioned that hava an
immedists bearing on the theory of
modern mosis.
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the comparatively narrow circle of present habits and
practices, neglecting the much more comprehensive views
that may be obtained by taking & wider range of observa-
tion over what has been done befors,

In regard to the scale this is particularly the case; for in
reality the history of the scale is essentially the history of
rousic iteelf in ita early existence; and it shows, as mo
other atudy can do, the nature of the principles which
have been at work in forming the art, and bringing it into
ita present state.

The earliest forms of music probably arose out of the
natural inflections of the voice in speaking. It would be
very engy to sustain the sound of the voice on one parti-
cular note, and to follow this by another sustained note at
a higher or lower pitch. This, however rude, would con-
stitute music,

We may further easily conceive that several persons
might be led to join in a rude chant of this kind. If one
aoted as leader, others, guided by the natural instinet of
their ears, would imitate him, and thus we might get &
eombined unison acng,

It is also not unreasonable to econjecture that by
means of the memory for successions of sounds, naturally
implanted in the human mind, some of these songs
might be repeated cften and ultimately learned by heart,
and thus we should arrive at a simple definite vocal
music.

But the question st once arises, What would be likely
to be the relations of pitch between the saveral notes
forming such songs ¥ 'We shall reserve for the next chap-
ter all theoretioa] considerations about this. Here it will be
sufficient to confine attention to the facts of history.

Frequent attempts have been made to give written
representations of the rude music heard among savage or
semui-barburous nations, but these attempta muat always
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be received with soms distrust, not so much from want of
confidence in the observers as from the want of accurate
means of representing the sounds heard. The usual prac-
tice is to try to write down the sounds according to our
modern musieal notation; but it must be borne in mind
that this notation only corresponds with our own peculiar
acales, and that it gives no signs for any notes inconsistent
therewith, Hence when we see the chanta of a savage
tribe expressed in our notes, we must not take it for granted
that the people actually used the intervals of cur scale.
‘We can only assume that the observer wrote down some-
thing, as nearly like what bhe heard, as he could find
expression for.

All that can really be made out about the music of
savage tribes is, that they use a few sounds, differing in
pitch; but there is no sufficient reason to believe that
these sounds correspond, a8 regards their gradations, with
any regular system whatever,

To get traces of such systems we must look to nationa
more civilised ; and we then soon find, not only a consider-
able advance in the extent of the sounds used, but, what
is of more importance, & more aceurate definition of them,
This definition is very much aided when, as often happens,
the nations have introduced musical ingtruments having
the capability of giving fixed tones,

In the case of some ancient nations we find treatises on
music, in which the relations of the sounds and the modes
of using them are described with some minuteness. In
other cases, where such accurate data do not exist, the
nature of the scales can often be inferred by indirect
means, among which the representations of musiecal instru-
ments are found most valuable.

Beginning with the yellow or Mongolian race, we find
that the Chinese have had a regular system of music, some-
what complex; they appear to have known the ocilave,
which ia a great step; and, as a matter of theory, they
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have divided this interval into twelve equal parts, like
our semitones; but they do not nse them in a way at all
corresponding to ours; they only practically use five notes
out of the eleven theoretical ones, making a selection
of intervals corresponding with the black notes of the
piano. There are other instances of the use of this singular
scale among more modern nations. The music of Japan is
elaborate and complicated, and differs materially from the
Chinese; but it presents little or mo analogy with our
western ideas,

Tt was reserved for the white race o create the true art
of music; bat the different nations composing this race
have varled conmdarably in their notions aa to the solution
of the problem,

The Egyptians had music which, judging by the repre-
sentations left of their musical performances and musical
instruments, had considerable extent and variety. The
exact nature of it can only be made out by ingenious in-
ferences, and historians are at issue about their signifi-
cance, It ssems clear, however, that they acknowledged
the octave, and thet it was largely subdivided,

The music of the Chaldeans, Babylonians, Assyrians,
and Pheenicians, may be assumed to have been of a
similar character, the ootave being also traced among
them.

The Hebrews attached much importance to their musie,
but there appears no meana of getting any definite infor-
mation as to its tonality.

The music of the Arabs seems to involve extraordinary
complicationa, and has furnished endless eccupation for
musical historians and theorista, Even Helmholtz haa
been tempted to devote s large space to its peculiarities.
The most interesting fact in regard to it is, that the prin-
cipal intervels of our scale—namely, the octave and fifth
—ware also the most important intervals with them, But
the resemblance ended here; for their octave was divided
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into sixteen, or according to some authors into seventeen
parts, and these not equal in all cases to each other. So
that, generally speaking, their music must have been very
different from anything we are accustomed to,

Turning now to the earlier developments of the ethno-
logical family from which we ourselves have sprung—
namely, the Aryan—we find in the Sanscrit literature
traces of a distinet musical system in India, some three
thousand years old, and which is still cultivated there.
They also have the octave division, which is subdivided
theoretically into twenty-two parta. Like the Chiness,
however, they do not use all these notes; their practical
scale consiats of seven degrees, among which the twenty-
two theoretical intervals are unequally divided. The notes
in the usable scale admit of many changes, forming dis-
tinct modes, and the system generally has many analogies
with that of the Greeks.

It is worthy of remark, however, that, judging by the
frets on their prineipal stringed instruments, the sub-
division of the octave by the fifth and fourth is clearly
acknowledged.

Another Aryan branch—the Persian—presents grest
interest for us, because, so far aa the early history of
nations can be made out, their music seems to have
been the remote ancestor of our own. The Aryans of
Persia had originally, like those of India, & liking for
minute intervals of sounds, for they divided the octave
into twenty-four parts, which would be equivalent to
what we should call quarter tones, each interval being
half our semitone,

It is through the known migrations of thess races west-
wards, and particularly into Greece, that their connection
with our music is genealogically established, Under the
name of Pelasgians they settled in Asia Minor and in
Greece some two thousand years before the Christian
era, and their descendants, called Lydians and Phrygiaus.
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afterwards mixed with colonists from other parts—Doriana
Zolians, Ioniane, &e.—who exercised considerable influ-
ence on their manners and customa,

The early history of Greek music is enveloped in great
obsourity ; it is only when we come to the time of Pytha-
goras, t.e, in the sixth century before the Christian era,
that any positive information about it can be obtained
So far, however, a8 can be made out by inference and
conjecture, the progress of events may have been some-
what as follows:

The earliest indications of a regular system are found in
the littlethat is said of the post-musician, Olympus, whowas
a Pelasgian by origin, and lived about two hundred years
before the siege of Troy, or B.C. 1400. And it is consis-
tent with what hes been said of the ancient music of the
Persians, that the Greeks attributed to Olympus the in-
troduction of what they called the enkarmonic genus, in
which very small intervals were used.

This, however, was a long way from the diatonie system,
snd o great change is supposed to have been brought about
by the entrance among the Pelasgiana of the foreign colo-
nists before-mentioned. The influence of these people,
more heroic and energetic, was to do away with the more
delicate estimations of sounds, and to bring about arrange-
ments in which the intervala were larger. Hence came
into vogue certain musical forms which took the names of
the people they were due to, and three of these, namely,
the Dorian, Phrygian, and Lydian, are particularly to be
mentioned, because, as we shall see in a future chapter,
they, or at any rate something akin to them, took at a
later date a permanent placs in the Greek aystem, and
gave corresponding varieties of character to the musie,
the influence of which has been perpetuated down to our

. own day.

It is impossible now to trace the exact nature of the
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changes that took place, or to define with accuracy the
structure of the music at that early date. There was then
no fixed guide for settling or for recording the pitch of the
notes, as the tuning was entirely done by ear; and hence
there has been no means of handing down to posterity
any description of the music, except such as conld be
made out by tradition. There is reason, however, to
believe that about the seventh or eighth century before
Christ, the chief element of music had become reduced to
a series of four nofes, which were sounded by the four
strings of the lyre, and formed what was called a tefra-
chord,.

It ig pretty clear that the two extreme strings of this
tetrachord were set to an interval of a fourth, seeing that
this interval remained, through all subsequent improve-
ments, the chief element of the Greek musical acale,

The tuning that was used for the two intermediate strings
must be, for the reason above assigned, a matter of uncer-
tainty ; probably there were several varieties more or less
in uge (as, in fact, there were alwaye afterwards), but it
would seem that one mode of division of the fourth had
some Tesemblance to what we now know as two tones and
a half-tone (see page g5).

At any rate the tetrachord, whatever it was, was im-
proved about 670 B.C. by Terpander, who added three
more strings ahove it, forming two tetrachords, with one
note in common. This junction-note was called Méos,
Mzes#, the middle note, and was considered the most im-
portant of the whole,

Buch was the state of musie, so imperfect as hardly to
deserve the name of & system, when there arose, about a
century after Terpander, & great philosopher, Pythagoras,
whose genius enabled him not only to effect great im.
provements in the capabilities of muasic, but to establish
for the art a definite and scientific basis intelligible and
available for all time, He was, indeed, the founder of theo-
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retical music; for it was he who first traced out the Iaws
which governed the relations of sounds to each other, and
by this means brought music within the domain of natural
philosophy. He established the principle that intervals
could be appreciated intellectually by the aid of numbers,
ingtead of, na formerly, by the ear alone. “ Senee,” he
said, “ is an uncertain guide; numbers cannot fail”

The way in which Pythagoras seffected this was by
means of the stretched strings used for the lyre. Ha
had acuteness enough to perceive the fandamental fact
(explained in chap. iv.), that the length of the string
might be made to supply an exact definition of the pitch
of the note it sounded. Hence he was enabled to attach
to each aound & certain numerical value, and thus to com-
pare it with other sounds, and to establish positive and
definite relations between them. The instrument which
Pythagoras used in these investigations was called a canon
(xavey), and sppears to have been identical with our
monochord.

The importance of thia step, connecting for the first time
music and mathematics, can hardly be overrated; and as
the method Pythagoras introduced has become verified
and established in use by all subsequent experience and
investigation, he is fairly entitled to be called the Father
of Musical Science,

The introduction of the Pythagorean musical philosophy
was followed by a large practical extension of the acale,
in which Pythagoras himself no doubt took some share.
He had been in Egypt, and it is probable that he had
obtained there information which had considerably en-
larged his viewa. In the simplifying changes that had
taken place in Greece, the octave seems to have lost much
of its early significance, and one of the most imyportant
improvementa of Pythagoras was to restore the importance
of thig useful interval,

In stadying the divisions of his string, he perceived



HISTORY OF THE SCALE. 91

that the simplest of these divisions, namely, into twe
equal parts, gave a note which his ear told him had obvi-
ous musical relations with the fundamental one, and this
settled for all time the predominance of the octave over
all other musical intervals.

Having thus established the octave, Pythagoras set
himself to apply the same philosophical principles to
determining its subdivisions, Referring agein to his
measuring instrument, the string, he proceeded categori-
cally to get, by its means, other divisions of amaller value.

To produce the octave he had divided the string into
two parts; he now tried dividing it into thres; and he
found that two-thirds the length of the original string
would give an interval that would conveniently subdivide
the octave. This interval we now call the f£ifth

Again following the same principle, he next divided his
string into four equal parts,and he found that three-fourths
the length of the string gave another subordinate division
&t an interval which we now call the fourth.

He could not fail to perceive a remarkable symmetry in
these two arrangements; for the fifth, reckoned upwards
from the lower note of the octave, gave the same note as
the fourth reckoned downwards; and, vice versa, the fourth
reckoned upwards gave the same note as the fifth down-
wards, Thus the octave proved to bs made up of a fourth
and a fifth added together,

These three intervals, as settled by Pythagoras, have been
ever since the most important intervals in music, and we
shall hereafter see much more of them.

The determination of the fifth and the fourth gave a
means of establishing with precision an interval of much
smaller dimensions, namely, the difference between them,
This was called a fone (révos), and ite value may be easily
illustrated by our logarithmic numbers, thus—
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The interval of & fifth (§) in expremsed by . . . . 196
Theinterval of afourth (by . . . . . o 135
Thess sdded together make an octave (1) . . . = jor
The differemos between the fourth and fitth givel the fome

(§), represented by . . I

This new interval formed an appropriate means of com~
pleting the subdivision of the octave, But in applying it,
Pythagoras seems to have atriven to fall in with the ancient
prepossessions of the Greeks in favour of the tetrachord, or
four-atringed arrangement. Terpander had connected two
tetrachords together by a note common to both, so giving
the combination an extent of seven notes, But on the in-
troduction of the octave a different arrangement was made.
By the intervals of the fourth and fifth, the octave waa
made to comprise two tetrachords, not joimed together as
in Terpander's arrengement, but having an interval of a
tone between them, While Terpander's combination may
be represented thus—

A—D
E—A,

the new arrangement became—

E-— A (tone interval}) B—E,
8o completing the octave.
For this reason the second or higher of the tetrachords
was called DHezeutie, or digjunct.

The subdivision of the tetrachords was made by means
of the tone. But this led to an unequal division, a fourth
containing two tones, plus something over; and this over-
plus was called a hemifone (‘puirorior), a8 it was nearly,
though not exactly, balf a tone.

This will be clearly peen by the logarithmic values—e

Tone . . . . . . . L1
Toune . . . . - . - L1}
Hemitons . . . . , . E
Interval of the fourth , » " [} . 125
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Or in the more ordinary mode of expression—

Tone, Tons. Hamitone. Fourth,
0 g 258
¥ x ¥ x T = $

Here, therefore, was an arrangement of four notes,
which, while it satisfied the ancient Greek tradition of
the tetrachord, was brought within Pythagoras’s more
accurate notions of musical division. And although the
Pythagorean system established the octave as the ratural
great divigion for the musical seale, the tetrachord still
stood as the popular element, and so it remained for a
great length of time.

This division of the tetrachord into two tones and a
hemitone was called the Diaionic System (ryévos Stirovor).?

The peculiar arrangement of the two tones and the
hemitone in any tetrachord was arbitrary; and it might
have three varieties, the hemitone being at the bottom, in
the middle, or at the top. These varieties are clearly
described by Euclid, and are believed to have eorresponded
with the traditions of the ancient scales of the Dorians,
Phrygians, and Lydians respectively. They were dis-
tinguished as follows :—

Dorian Phrygian Lydion
Tetrachord, Feiracherd. Tetrachord.
Tone Taons,  Hemitone,
Tune Hemitone. Tone,
Hemitone, Tona. Tota,

The firat of these, namely, the Dorian variety, appeara
to have been considered the most orthodox, and according
to this, the octave became divided up in the following
mabner :—

} Two other divisions of the tetrachord used in Greece wers—

Chromatic Fewud. Bnhermonic Gemua,
A toue and a half, Two tonss.
A bemitone. A quarter tone (Sieqat).

A hemitone. A quarier tone,
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Magnitude of
Interval.

IRezeutic { Tone . . . . 5I
or diajwut{ Tone . L1}
Tetrachord | Hemitone 23
Separating tone . 51
Tone . 51

Teirachord {T{me . (1]
Hemitoue 23

Octave . . . . . . 3ot

In this way the octave was made to consist of eight
notes, comprising seven unequal intervals, arranged on
the principle of the fone, as a convenient measure; and
thus was completed the diatonic scale, which has been the
foundation of all subsequent music.

The analogy of the above division with our modern scale
will be at once evident; indeed, we way express it per-
fuctly well in our modern notation, thus—

. g
- g
3 g 3 ] g
g ¢ § 5.8 g & &
© ] & ] -
= = 3 L o e = ==
B——m—e—1
~ it — - .
Tatrachord. Diexsutio Tetrachord,

The three most important intervals, as settled by Pytha-
goras, were given names corregpending to the number of
notes they comprised.

The fourth, comprising four notes, was called Dia tessardn,
“through four” The fifth, comprising five notes, was
named Dia pente, “ through five” The octave, which com-
prised the whole of the notes in the system, was named
Dia pasdn, “ through all” This latter term is a standing
testimony to the Pythagorean principle, that the octave
esgentially comprised within itself all sounds so far as
their musical relations were concerned, although the full
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significance of this great fact did not come into prominence
till many centuries afterwards?!

The principle of the octave having been once established,
it was obvioualy easy to extend the scale, upwards or
downwards, or both, by adding octaves of notes previously
existing, 'This was done, and the scale was at length
enlarged to two octaves, Xeecping still faithful to the
time-honoured tetrachords, one was added above and one
below, and then, as one additional note was still wanting to
complete the two oetaves, this was added separately at the
bottom of all, being termed Proslambanomenss, or * addi-
tional”

This waa the enlarged system of Pyihagoras, and as it
forms a very complete scale, it will be worth while to
present it entire. We may assume (which is probably
not far from the truth) thet the Proslambanomenos imay
be represented by the low A of a male voice, and then,
borrowing our modern notation, we have the scale as on
next page.

There is no doubt as to the correctness of this,
ag the authority exists in an admirable description of
it left on record by no less a person than the immortal
geometer, Euclid, who lived about p.0, 300, some two
hundred and fifty years after Pythagoras's time, This
description was called by bim Kararoui Kavives, * Divi-
sion of the Monochord,” and in it he gives the propor-

1 Another mode may be, snd often
is, wdopted in showing the Pytha.
goTeRn struction of the diatoni
spale, in which only the intervals of
the octave and fiith are need, Start.
ing say from C, and going uwpwards
continaally by fifths, the fimt will
give G, the second I), which will huve
to be lowered mn octave; the third
will give A, the fourth X, woboh must
be lowered an octave, and the next
fifti will give 13. If, then, we add
an F, s fifih below O, we shall oom-
plats the seven nobes of the scale, sud

thess will coms precisely in the sams
places as those described in the text.

If we suppose the progression of
fifths continged from O wupwurds
twelve times, it will give n note which
aecording to our ohromasic notation
may be called B, and will bw, if
brought seven octaveslower, vary near
the original O, being sbout & fourth of
& semitons sbove it. Pyiingoras was
nware of this, sud the differsnce is
called the Pythagorecn commo. Its

alus ia ﬂwinlonﬂt.hwu 05D,
a
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wou ¢(3um
POPPY

ROLYILH

‘paoqaera],
{gsomay)

NOSA

"Mogovse],
(rppru)

e

pioyIEna],
{runiitp)

KONARDARZEI

‘proyney,
{putoaas)
g0a10aesdLH

PLOSLANBANOMENON,

Hyeate HIPATON,

ParHYPATE HYPATSH.

LiogaXod HYPiTHN,

Hyrare Merdn.

PARBYPATE MEadN.

LicHaxos MERON.

MESE.

Piramxag THEERGOMENGHN,

TrITE DIELEUGCKXNDN,

Panrawere DIEZRUGNERSN.

Neta DIESEUGMENDN.

Trrrx HYPERBOLEIN,

PaRinwz?E HYPERROLEOH,

Nrra HIFERBOLEIN,
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tionate lengths of string corresponding to the various notes
of the scale—a mode of determination quite positive and
conclusive,

The names attached by the Greeks to the several notes,
or strings of the lyre, differed in the two octaves; for
although the close musical relation between a note and
its octave was admitted and apprecisted, yet the Greoks
never arrived at the simple plan of neming both by the
same symbol

The middle note, Mesz, was considered of special im-
portance, and, indeed, had been so ever since the time of
Terpander.

It will be noticed that all the four tetrachords contained
in the scale are divided alikke, according to the Dorian
variety, which, as already stated, was the one of most
frequent application.

Although the normal position of the two-octave scale,
in actual piteh, is usually taken from the bass to the
treble A, as shown in the diagram, it must be understood
that it was capable of transposition, and was, in practice,
used at meny different varieties of pitch, as eircumstances
might require.

Now it is obvious that in this Greek series of notes,
proved fo be in use about two thousand years ago, we have
our diatonic scale, In fact the notes as given here pre-
cisely correspond with the series of natural keys of our
modern organ or pianoforte. This can easily be accounted
for; the organ was a Greek instrument, having keys to
sound the various notes as with us; and the keys of the
Greek organ would naturally correspond with the notes of
the Greek scale. The organs afterwards introduced into
churches were copied from the Greek ones,and our clavier
instrurnents generally are descendants of the same family,
Hence it comes that the chief keys of all these instruments
correspond with the Greek series of notes; and we thus
see what & respectable pedigree may be claimed for our
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familiar domestic pianoforte, so far at least as the whits
keys are concerned. The black keys are & subsequent
introduetion, for purposes to be considered hereafter.

In eddition to the names given in the diagram, the
later Greeks denoted the various sounds by arbitrary
charecters. The Romans adopted the scale, but sbolished
ell the Greek designations, and named the fifteen notes by
their own Latin letters, from A to P inclusive.

Near the end of the fourth century, Ambrose introduced
music into the service of the Churech, adopting, with the
Romans, the simple Greek diatonic scale.

Two ceniuries later, Gregory amplified and improved
the work of his predeceasor, and introduced & great simpli-
fication in the nomenclature. He saw, more clearly than
any one did before him, the great musical principle estab-
lished by Pythagoras of the analogy between octaves of
the same note; and he proposed, in consequence, to denote
octave replicates by the same Latin letter, merely varying
the characier in which they were expressed. Thus, for the
first octave, he used the capital letters A, B, C,D, E, F, G;
for the next octave sbove, the small letters 2, b, c,d, ¢, f, g;
for the third octave, thie small letters doubled aa, bb, cg,
and so on, It is hardly necessary to say of what immense
advantage to the study of music this simplification hag
beon,

At the end of the tenth century came Guido d’Arezzo,
who is credited with thres improvements in regard to the
gcale. First, he edded @ nofe one tone below the Pytha-
gorean Proslambanomenos, or Roman A, giving this note
the name of the Greek letter I' (gamma); secondly, to
facilitate the practice of singing at sight, he abolished
the old tetrachord idea, and re-divided the scale into series
of six notes or hevachords, giving to the various notes of
each the well-known names Ut, Re, Mi, Fa, Sol, La (derived
from a Latin hymn to John the Baptist); end thirdly, he
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either invented or improved the notation of the scals on
lines and spaces, in & manner similar to that we at present
use.

As we come down to a date nearer our own time, we got
invelved in other elements which become very prominent,
such as the introduction to a large extent of chromatic
notes, the influence of harmonic combinations, and the
now indispensable condition of tonality, But the diatonic
scale has remained essentially unchanged : as the series of
notes was when Euclid described it, so it is now; and as
it formed the basis of the melodies of the Greeks two
thousand years ago, so it forms the basis of the tunes of
the present day,
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CHAFTER VIIL

THEORETICAL NATURE OF THE DIATONIC SCALE
IN ITS ANCIENT FORM.

Tug facts brought forward in the last chapter to explain
the origin of our present diatonic scale are specially im-
portant, inasmuch aa they bear materially on the theoretical
consideration of the question.

There iz a very common, but very erroneous, notion
prevalent as to the nature of the series of sounds used in
modern music. Many people, and among them some
thoughtful musicians, are disposed to believe that the suc-
cession of notes in our present diatonic scale is sugpested
directly by the laws of nature. It comes natural to them
to ging the scale, and they imagine that this is the result
of some nafural instinet which prompts them to adopt
this exact succession of notes as peculiarly pleasing and
satiefactory to the ear,

This, however, is entirely a delusion. The impulse te
sing the scale only arises from education and habit; it has
been impressed upon us ever since we began to learn
music, and everything we have heard or performed in our
lives has conduced to keep up the idea. John Stuart
Mill forcibly speaks of “ the magical influence of custom,
which is not only, as the proverb says, & second nature, but
is continually mistaken for the first.” And so it is here,

Several reasons might be urged against this view. One
is that the tonal relations of our scale (on which the
sesumed natural argument is based) are guite modern.
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The scale itself essentially existed for centuries before this
tonality was brought into common use. And further, if
the series is clozely examined, there are found (as will be
shown hereafter) imperfections and anomalies in it which
forbid the assumption that it can be & natural production,
But a conclusive argument against this view is derived
from the fact that it is disproved by history; and on this
point it may be pertinent to quote a few remarks by the
late M. Fétis, the great musical historien. He says—

“It is an opinion generally held that the succession of sounds
known in the modern music of Europesn nations, and formulated
by their major and minor seales, is the result of spme fundamental
snd immutable law; and that diatonie musie, f.e, mueic in which
the sounda succeed each other by tones and semitones, is the music
of natare,

“ Aceording to the doctrine of many theoreticians and historians
of the art, the sentiment of the necessity of these diatonic relations
of sound ought to have preceded every other conception of tonality,
and man would have been incapable of imegining e kind of music
inconsistent with these relations.

“1 do not hesitate to declare that this opinion is absolutely con-
trary to what history teaches ua by facts of the most unquestionable
aunthority.

“We learn by these facts that diatonic music js nof the most
ancient ; on the contrary, we hava proof that none of the nations of
antiquity adopied it, and that there exist still peoples to whom it is
entirely strange. The examples of music of the ancienis are suffi-
cient to prove the non-existence of this assumed natural law of dia-
tonic progression, It is not difficult to establish among primitive
nations systems of eounds altogether differing from it; and it ia
possible to trace the progressive traneformations by which the
maodern diatonic scale has been developed, at a comparatively late
period, from some of the primeidial systems differing from it almost
entirely.”

Helmholtz algo is strong in support of this opinion.
He distinctly asserts that the formation of musical scales
does not rest on natural laws, but is at least partly the
result of mathetical principles; in which the varieties of
nationgl and individual choice begin to appear.

To prove the natural origin of the acale, it would be
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necessary to show that some untaughi person would be
led to sing it Ly his untutored power alone, and this is
certainly what no human being ever did or could do. It
i8 exceedingly improbable that the interval of the fone, on
which the diatonic system is based, can ever have presented
itaelf naturally to any human mind. It is very doubtful
whether any person uninstructed in the modern system
of musie, could sing a tone by the prompting of his ear
alone. 'We are by education and long custom in the habit
of singing the mejor tone progression, say from C to D,
without difficulty; but it would be scarcely possible to
get it perfectly in tupe without imagining the harmony
of the connecting note G. To prove this let any one try
to sing, without an instrument, a series of consecutive
whole tones, say C, D, E, ¥§, G§, A#, B¥; in which he ean
get no aid from the idea of harmony, and see where he
will get to at the end Indeed, even theoretically, this
interval is go indeterminate that it is piven two different
values, according to the different cirenmstances in which
it is veed ; and the minor tone would be more difficult to
sing correctly than the major one.

The semifone, which is also an essential part of our
diatonic scale, is still more unlikely to be suggested
naturally. It is more indeterminate than the tome, as it
has, theoretically, several different values. For example,
the semitone from C to C§ measures 18 ; from C to Dy,
megsures 28 ; the Greek hemitone was 23; and the equal
division of the octave into 12 parts (which is the semi-
tone on our pianoforte) gives 25. And with all our educa-
tion, theoretical and practical, in the present day, there is
considerable dissension among musicians as to the axact
points where the semitones should lie,

It is very probable that, in those cases where primitive
nations have been fhought to use diatonic successiona,
this impression must have been more imaginary than real,
prompted by the errcnecus assumption that the sounds
ought to correapond with our acale,
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And again, in the cagse of the Greek tetrachord that
existed before Pythagoras, there appears no sufficient proot
that the suceession of sounds was of & truly diatonie nature,
It was most probably Pythagoras who first moulded them
accurately into that form,

But, although one must admit that the diatome seale in
not, in its entirety, the result of any natural necessity, we
must not fall into the other extreme of supposing that the
succession of sounds is entirely empirical and arbitrary.
It contains some points that are in accordance with natural
laws; and we may briefly examine the diatonic scale, as
formed by the Greeks, to see how far physical principles
have been concerned in its formation, and how much is
due to sesthetical choice.

And here we must be careful to avoid an error that
our modern associationa might easily lead us to fall into,
1., deducing all the notes of the scale from hermoniec
relations, Such a process is applicable enough in the
present state of knowledge, as will be shown hereafter.
But, ag has been justly remarked, scales existed long be-
fore there was any such knowledge of harmony as we at
Present possess; and it ia clear that in ancient times, when
nothing but simple melody was practised, the scale eould
not have been constructed so as to euit the conditions of
& system, the very idea of which did not arise till & thou-
sand years later.

The same thirg may occur in regard to our modern idea
of tonality. The diatonic scale seems to fit in so well with
what we think right in our tonal requirements, cadences,
modulations, and so on, that many good musicians have
been led to imagine that its matural fitness for such pur-
poses has led to its adoption. But here, again, it must
be remembered that our prominent idea of tonality is quite
modern. The Greeks had no idea of a key or key-note at
all analogous to ours, and hence the diatonic scale could
not have been fashioned by them to suit the inventions of
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a far-distant future. It is clear the scale must be judged
of simply by its own inherent form without any adventi-
tious aids,

Considering the very simple state of music at the time
the ecale was formed, where are we to look for the influ-
encen that could have prompted the ear to fix on certain
points and divisions of a scale for melodic sounda?

Clearly there was but one source available, namely, the
nature of the sounds themselves.

I& there, then, anything in the nature of musical sounds
which should lead to the definition of points in & musical
scale? Helmholtz has given an elaborate answer to the
question, which may be gimplified as followa:—

The most important feature of the scale is the promi-
nence in it of the tnfervel of the octave: it comsists of a
number of similar cycles, each an octave in compass, and
every note has its replicates in octaves above and below.
Helmholtz believes that the use of the octave was suggested
by the octave harmonics betng heard in compound sounds.
He says when any melody was executed on an instrument
of a good quality of tone, such as the human voice, the
hearer must have heard not only the fundamental notes,
but also the harmonic octaves above them, thess being the
strongest and most prominent of the various harmonies
forming the compound tone. Henee voices would be led
to #ing in octaves to each other, and it would be recognised
that the upper sounds were only imitations of what the
lower ones would produce when heard alone, This, he
thinka, would lead to the establishment of the octave as
the most positive and important interval of melody.

This explanation is reasonable, and the fact of a natural
prompting to sing in octaves is corroborated by common
experience. If a melody is sung by a male voice, or played
on a basns or baritone instrument, a female or a boy with
a tolerabls musical ear, even if untaught, will have no
besitation in imitating the melody an octave higher; in
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fact, Bo great is the resemblance between the two that
many peopls think they are alike, not appreciating the
octave interval between the two series of sounds.

This division into octaves is found to have prevailed
universally in all countries and ages where music has been
reduced to any kind of rule.

‘We next, however, come to a more difficult problem,
namely, the subdivision of the octave; and in this respect
the firet feature that strikes us, in regard to the diatonic
acale, is the srregularity of the division. It is certainly a
question that requires consideration, why the most natural
mode of equal and uniform divisions was departed from
in this case ?

The answer, no doubt, is, that uniform divisions would
not have been essily appreciable by the ear, It would be
very difficult for any unaided voice to divide an octave
into a number of equal parts, The ear would have no
guide at what peint to hit the division. Hence it is
much preferable to search for some dividing poiné in
regard to which some ear-guide can be found ; and Helm-
holtz decides that there is such a point, namely, at the
interval of the fifth. He points out that in compound
sounds the harmonic most prominent after the octave isg
the twelfth ; which forms, with the octave, an interval of
a fifth, and ia therefore capable of suggesting the interval
of the fifth to the ear. He remarks, in corroboration—
“This is the reason why unpractised singers, when they
wish to join in the chorus to a somg that does not suit
the compass of their voice, often take a fifth to it. This
is & very evident proof that the uncultivated ear regards
repetition in the fifth as natural” (See Appendiz, Note F)

‘When, therefore, Pythagoras found that this interval of
the fifth, dictated by nature, was given by the next simple
division of the string to that of the octave—namely, by
dividing it into three parte—he could not fail to see the
appropriateness of confirming the fifth as the second stund-
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ard interval, and it served as a very convenient point for
commencing the subdivision of the octave.

The division of musical sounds, first into cyclee of
octaves, and then with e lesser subdivision by fifths,
appears t¢ have been not peculiar to the Greeks, but to
have been adopted by almost ali nations who had any
pretengion to systems of music. And this corroborates
the idea of these guiding points being dictated by nature,

The next step in the subdivision of the octave ia the
determination of the fourtk. This stands in a somewhat
different category, as the natural harmonics give no
suggestion of a fourth above the fundamental, The origin
of this point in the division is therefore more artificial,
but still it may be ecasily accounied for on simple prin-
ciples,

PWhen the interval of the fifth is once fixed in the
mind, there is no difficulty in applying it downwaerds as
well as upwards; and if we suppose a fifth measured
downwards from the top note of the octave, we get a
point which is a fourth distant from the bottom note. In
fact, the fifth and the fourth are complementary to each
other, and the fourth can be easily inferred when the
fifth is determined.

Pythagoras found that this new interval was given by
three-fourths the length of the string; and although the
point was not dictated by hia ear, like the fifth, he had
no difficulty in fixing the fourth as a second convenient
subdivision of the octave scale, so dividing it into two
symmetrical tetrachiords, as already explained. There
is & tradition that the most ancient of all the Greek lyres
had four strings tuned according to the four notes obtained
in this way, ¢, o—f g—c. And if so, Pythagoras was
anticipated in his main divisions of the scale.

It appears to have been & result of the investigations of
Pythagoras that the Greeks, although they may not have
used combinations of notes analogous to our harmony,
did scquire some notion of the harmonic relations of the
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principal consonant intervals; for Euclid alludes to the
consonant blending of a higher with a lower tone in the
three cases of the octave, the fifth, and the fourth, as dis-
tinguished from all other intervals,

It remains to corsider the minor subdivisions. The
two gaps of the fourth were too large; in order to make
melody, mere notes were wanting, and the gaps had to be
filled up in some way.

But here no natural guide was found to direct the ear
what intermediate notes to choose, and all farther was
left to be settled by purely arbitrary means. For this
reason many variations might be used in the subordinate
divisions.

‘We have already seen how Pythagoras filled them in,
namely, by the application of his artificial interval of the
tone; and, as a watter of theory, there is nething more to
be said on the matter, so far as his scale is concerned.

At a subsequent date, & slight alteration was made in
the values of the small intermediate intervals, as will be
bereafter explained,
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CHAPTER IX.
THE ANCIENT MODES.

Ta® preceding chapters exhibit the origin and nature of
our diatonic acale, so far as the succession of its intervals
is concerned ; but this is not sufficient, for we have yet to
notice s peculiar feature which is essential to its modern
application. We do not use the series of sounds indis-
eriminately, but treat them in a certain form of combina-
tion, We select one of the seven notes of which the
diatonic scale is composed (for the entire series, whatever
its extent, may be assumed to consist only of octave
replicates of seven sounds), and we invest this note with
a special significance, making all the other six subservient
to it, under mutual relations, which are of much import-
ance in the structure of modern music. This selected
note is called the key-nofe or fonie, and the system of rela-
tions that hangs upon it is called fonality.

In investigating this feature of musie, our firat step
must be to search for any element in the Greek system
which had an analogy to it, or which may be considered
to have been instrumental to its introduction. And we
find such an element in what are called the Greek modes.
The nature of these has given rise to much discussion,
and the subject has been involved in mueh difficulty,
partly on account of the obscurity of the explanationa
of the old writers on the point, but chiefly from the
fact of many changes having taken place, from time to
time, which brought the nomenclature into great confu-
gion. The first clear perception in modern times of the
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true nature of the Greek modes, appears to have been
arrived at by a countryman of our own, Sir F. H. E
8tyles, who, in 1760, published an ingenions ¥ssay on
the subject in the Philosophical Transactions. His ideas
received a passing notice in Burney’s “ History of Music,”
1789, but they were fully confirmed at & later period by
the exhaustive investigations of learned German critics,
and have in consequence been generally adopted. It is
not easy to separate the consideration of the modes from
that of the musical structure generally, which became
exceadingly intricate and complicated; but we must con-
fine our attention, as far as possible, to their simplest
elements and forms,

In the best times of Gireece, song was usually accom-
panied by an eight-stringed lyre, which embraced the
compass of an octave, <., the highest and lowest strings
sounded the same note an octave apart. Then came the
question, how the intermediate six notes should be ar-
ranged? For, adhering to the diatonie progression of
intervals, a little consideration will show that the notes
might, by putting the hemitones in different positions, be
arranged in seven different ways.

Thus, representing the interval of a tone by T, and that
of & hemitone by H, we might have the seven intervals
between the extreme notes arranged in either of the fol-
lowing ways :—

LHT THTT T
2T T HTTTH
3T HTT T HT
¢4 T T THTT
2T T T HT T H
6T T HT T H T
2T HT T HT T

‘We are familiar enough in the present day with these
varieties of arrungement of potes, in diatenic successiom,
within the octave, which are called modes, Everyhbody
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who has had to do with ancient ecclesiastical music must
be acquainted with the several varieties of “ church
modes,” which correapond in their nature with those now
under consideration. And not only so, but we have, in
modern music, twe “ modes” of the same kind, the major
mode and the minor mode; the distinction between which
consiste in a different arrangement of tones and semi-
tones in the octave scale. These latter may be at once
identified with two of the varieties in the above table, our
major mode being No. 2z, and our minor mode (in its
natural or descending form) being No. 7. Hence wa are
justified, according to the nomenclature which has been
in use ever since the days of Ambrose and Gregory, in
speaking of the seven different arrangements shown in
the table, as so many different modes, according to any of
whieh the diatonic octave lyre might be tuned,

There is abundant evidence that the Greeks adopted the
seven varieties shown in the table. The general arrange-
ment of the seven notes in any octave was called ‘Appovia,
and the different varieties of it were called Eldn or oy~
pata Tic dpuovias. Sir F. Styles, in first drawing atten-
tion to them, called them different “ species of diapason,”
The earlier Germans translated this expression into Octa-
vengattungen; but Weatphal, seeing their identity with the
modern varieties, at once rightly applied to them the word
Tonarten, which is used for the modern major and minor
modes, Thie explanation as to the nomenclature is im-
portant, because the analogy of thess Greek arrangements
with the Church and modern “ modes,” has been in a greas
measure overlooked, owing to the fact, that it was not
customary for the older writers to designate them by this
term. We shall here call them indiseriminately either
“modes ” or * octave-forms.”

The general system of these modes was called Sdormua
duperdSodov, or variable system, and each varisty was
given s separate nams, as follows ;—
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No. 1 was termed Mizo-Lydian.

n 2 " Lydian.

" Phrygian,

» Dorian,

" Hypo- Lyitian.
w  Hypo-Phrygian,
" Hypo- Dortan,

n
"
"
n
»

=~ Chn o ia

It was customary for writers to illustrate the nature of
the variations in the modes by a reference to the complete
diatonic scaley for by putfing the extreme notes of the
octave in suitable places, it is possible to embrace portions
of the scale between them which shall represent every
variety of octave-form,

The diagram on page 114 shows how this is done by
Euclid, and gives the name attached by him to each
mode. There was, however, some variation in the names,
The Hypo-Lydian was also called Synfono-Lydian; the
Hypo-Phrygian was also called Jomian, or Iastian; and
the Hypo-Dorian had also the names of olien, or
Locrian.

The Dorian was esteemed the most honourable, but the
Hypo-Dorian was the most common (rewvss, Euclid calls
ity; it acquired an importance analogous to that which
the major scale has acquired in modern music; and it
became much used.

It must not, however, be inferred from this diagram
that the several modes were necessarily taken at the
pitches there given; they might be taken at any pitch.
Sir F. Styles finds reason to believe that at one period it
was customary to take the whole of them between the
notes Hypate- Meson and Nele Diezeugmenon, the interme-
diate sounds being altered accordingly. Whether this
was 80 or not, it is worth while to reproduce the example
he gives, as it offers an instructive illustration of the
variable characters of the different octave-forms.
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THE SEVEN GHEEK MODES, OR OCTAVE-FORMS, APPLIED
TO THE SAME PITCH.
The Sfure ghow the Poritéon of the Bemitones,

Mixo-LYDIAN MODE.
-

- o~ S— o ta__e 2 =
LI - o &

Punyalany Monk,
—a &

5 [y g I —— -——#9_—_*—“-;

Donran MonEe.

Hrpo-LID1ax MoDe.

Fra—ts—le—t— a_to 2

Hryeo-PHRYIG1AN MoDE.
—_a o™ 2 =

H’i—a‘——ﬂS——- e ]

HYPo-DORIAN MODE.

EE:;:g;'fn——’—“’

— - J—

{ will be noticed that the three modcs called Dorian,
Phrygian, and Lydian, arise directly out of the divisions of
the tetrachord having the same names, which have been
mentioned on page 95. Thos—

Dorian Thrygian Iwdian
Gelane form. Oclave form. Detare form.,
Tone None Hemitone.
TerracEORD { Toue Hemitone Tone
Hemitone Tone Tone.
Secparating Tone.  Separating Tone. Separating Tone,

Tone Tone Hemitone,
Trereacaonp < Tone Hemitone Tone.
Hemitone Tone Tone.
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These three varieties are supposed to be derived from
the most ancient aources. There is no record of the inven-
tion of them ; they were always treated as already existing,
or rather as having belonged to the three peoples after
whom they took their names.

The other four varieties are less symmetrical, as each of
them combines in itself two different tetrachordal divisions.
Their origin is much later, and is matter of history.

In process of time, as music was more cultivated, par-
tioularly in its instrumental bramch, important changes
took place in regard to the modes. They increased in
number and became more mixed up in the complicated
general structure of the music, and we now suffer from the
difficulties in understanding the meagre descriptions left
of them, About the fourth century, B.c., at the time of
Aristoxenus, there were thirteen modea in use, which
seem afterwards to have been increased to fifteen. The
exact nature of these numerous modes has been, and
indeed is still, a matter of epergetic diepute between
experts, but the view of them most widely known is that
promulgated by Burney, Fétis, and Westphal (certainly
three good authorities), embodying what are called the
Transposing Scales; and as this view has Lecome ao
popular it is desirable to describe it here.

According to this explanation the later Greeks reduced
their modal forms in chief use to one, namely, the Hypo-
Dorian (corresponding to our modern minor mode); but,
to get variety, they fransposed this into different pitches,
precisely as we may take our minor scale in different
keys. The system generally was called Zdorgpa guerd-
Boroy, or the tnvarighle system. The various transposi-
tions were called Téve: or wpéwes; each of them was
treated as a different arrangement, and was given a
different name. Many alterations had been made from
time to time, but the system as ultimately settied is
described by Burney and Fétis in the following shape.
The entire diatonic acale of two octaves, as given on page
98, is supposed to be transpoesed in each form.
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THe FIFTEEN LATER GRERE MODES, DESORIBED BY BUrrxr, FETIS, AND
WESTPHAL A8 TRANSPOSING SCALES.

Pltch of the
Proslumbanomenos,
ot lowest note of
the Beale,

These pitchen are given by Burney and Fétiz,
lower, and shouold sound lower still,

showid be written a

Name given to thoe Soale
at this Pitol.

Hyrgr.LYDIAN.

HYrRR-JOLIAN,

Hyren-PuRYGLAN,

HYrzg-lamrian.

HrrER-DoRIAN,

LxpiaN,

ZOLIAN,

PHRYGLAN.

Tamrran,

Dontaw,

Hrro-Lydraw,

Hryro-LoLrw,

Hrro-PREYCLAN,

Hypo-Lanrtian,

Hyro-DorLas,

Westphal considers they



né ELEMENTARY ARRANGEMENTS.

Thia transposing arrangement seems to have been the
earliest explanation of the Greek modes prevalent among
modern musicians. But it was felt that mere changes of
pitch were insufficient to account for the powerful ethical
snd msthetio varieties of influence ascribed to them by
the greatest ancient philosophers;! and it waa on this
ground that the ravival by Sir F. Styles of the idea of the
varying octave-forms, already described, was so favourably
received. This view of the modes wae obviously prefer-
able, as it gave them tonal distinctions of great sesthetic
importance, whereas in the mere changes of pitch, the
character of the melodies, as determined by the succession
of intervals, always remained the same. Burney and Fétis,
while promulgating the transpesing interpretation, both
expressed themselves unfavourably as to its merits,

Within the last few years two new writers, both of
great authority as Greek scholars, have entered the field of
controversy on this subject. In 1887 a work, showing
much learning and research on Greek poetry and music,
appeared, in which the author has given quite a different
interpretation of the fifteen modes in the arrangement of
Aristoxenus. He ignores the idea of their being mere
transposing scales, and gives a full detailed description of
them, showing that they were of very varied tonality, and
really retained &ll the criginal octave-forms.?

As & set-off against this, however, in 1894 another
writer, also of undoubted eminence as a Greek scholar,
brought out a treatise which supports strongly the oppo-
pite view.! Its object is not only to confirm the transpos-
ing interpretation of the fifteen Iater modes, but to insist
that this is the only kindsof mode to be legitimately
admitted in the classical period of Greek music. It con-

! 8oo remarks in Mr, Munro's London, 1887. Bes vol. Ll pp. 28,
““Modes of Ancient Greek Music,” 99, 30,
ML ¥ The Modes of Ancient Greek
¥ A History of Music. By John Mwasic, By D. B. Munro, M.A,
Froderic Bowhotham. In 3 volumes. Provoat of Oriel, Oxford. Clarendon
Prom, 1894.
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tends that although the difference of species, or, in other
words, the variability of octave-form, cannot be denied as
an element of the music, it occupied & subordinate and
almost unrecognised place,

The contrast of these two views, both from such
eminent authorities in Greek litersture, is & curious
illustration of the obscurity that hangs over the subject.
But if a musician has to choose between the two conflicting
opinions, on considerations dictated by his own art, he
must surely prefer that which adheres to the octave-forms,
He would find it difficult to believe that the great and
powerful principle of varying tonality, which even in the
mutilated remnant of it that has come down to our day,
forms one of our most precious inheritances, should be
superseded by @ simple variation of piteh, to which he
would attach & very insignificant smsthetical valne.

About the second century of the Christian era the
celebrated astronomer and geographer, Ptolemy, interested
himself in Greek music, and took up, among other things,
the subject of the modes. His efforts were to simplify
them ; he gave no countenance to the idea of transposing
gcales, but reduced the number of modes from fifteen to
seven, and proclaimed their essential original character as
variable octave-forms. And when, soon after his time,
music passed from the Greeks, through the Romans, into
the early Christian churches, the same principle was
avowedly adopted in the ecclesiastical forms, and has
remained in practice essentially to the present day.

Ambrosge, in the fourth century, made a further simplifi-
cation, lessening the number of modes from seven to four,
corresponding with the original Gireek cnes called Phrygian,
Dorian, Hypo-Lydian, and Hypo-Phrygian respectively.

Gregory, a little later, added to the Ambrosian modes
four others, constructed from them, which he called Plagal,
distinguishing the Ambrosian ones by the term Authentic.
The plagal modes were formed from the same notes as the
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corresponding suthentic modes, but beginning a fourth
lower, and transposing some of the notes from the bigh
octave to the lower one. Thus:—

Hypo-Phrygian Mode, -
a=R = o

B'!-’ZIT"’_Q - H — p— i il

Authsutic. Correaponding Plagsl.

This invention of Gregory’s had a peculiar significance
in regard to the most important note of the scale, ag will
be explained in the next chapter.

The system inangurated by Ambrose and Gregory went
on for many centuries, but during this time more modes
became introduced ; and so much confusion at last ensued
in the practice of them, that in 1547 a writer called
(Hareanus, endeavoured, by a careful examination of the
musical compositions of his contemporaries, to reduce the
gcales to something like order,

Adhering strictly to the principle of the ancient Greek
octave-forms in regard to the different arrangement of
the intervals, he took six modes which he reckoned as
authentic, and proposed to establish and confim. In
addition to these he also proposed to use six plagal modes
formed upon them, making twelve in all, from which he
named his work Dodecachordom. These modes he distin-
guished by Greek names, but by some confusion between
the ancient and the later Greek appellations, he did not use
the names which, according to the trme or ancient Greek
gystem, were originally appropriated to the modes in ques-
tion. This was unfortunate, for Glareanus's names have
been perpetuated down to the present day, while the true
Greek ones are comparatively unknown,

Glareanus's twelve modes did not, howaver, hold their
ground ; for the general practice relapsed into the system
of the original eight, as established by Ambrose aud Gre-
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gory ; and when the Church modes are now spoken of, they

are usually classified as first, second, &e., up to eighth,
The following table will show a comparison of the

various modes, or octave-forms, according to their several

appellntions -—
| oty
Origingl name of J0ues L
W vy | 4 d- 8, @A
Gharch Name. Bl |, Sptet
keays of the
pianoforte.
First Mode, Authentic 1 Dorian Phrygian D.
Plagai of . Nene corre-
Seecond  , , the rat } Hypo-Dor { sponding. -
Third . %utgl:lntic Phrygian IDQ‘MM‘ E
jugal of Hypo-Phyy- t one  corroe-
Fourth ,, the 84 } gian sponding. _
Filth o Authentic ; gyyo-Lydian F.
Plagal of s one  aorre
Bizth { the 5th Hﬁ‘?"’“m‘“i sponding. -
Seventh ,, Authentic Hs':w—Lydrhni ”g.;;‘" Ary- a.
. Plagal of Hypo-Mizo- None corre-
Eighth 4, } "the 7th %dicm } sponding. -
Modernmagor, Nochurch
mode corresponding JTonian Lydian C.
Modernminor. Nochureh} 1
mode corresponding ) | Aolion Hypo.Dorian A,
Nons corresponding ; Nome corre-} | prp ) rodion B,
P ! sponding
i

The Ionian and Aolian authentic modes of Glareanus,
corresponding to our modern major and minor, were ex-
cluded from church use, but were largely employed in
music of & secular character
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CHAPTER X,
MODERN TONALITY.

WE may now go a step farther,

Taking the eight notes of any one of the Greek octave
forms (or rather the seven notes, for the upper one ig only
8 repetition of the lowest one), the quesiion may naturally
arise, Were all these notes of equal importance, or was
there any one in particular that might be distinguished as
the principal one?

This question is suggested by the great prominence and
importance of the key-nofe in our present musical ayatem,
It is natural to ask whether any such idea exiated in the
old musie, and, if not, when and how it came into vogue?

In regard to the Greek music, we find a special import-
ance given to the middle string, uéry. Aristotle describes
it as influencing the intonation of the other strings, and
adds that in all good compositions it was used the most
frequently. It then becomes a question, what position the
mese oocupied in the modal scale or octave-form. West-
phal (p. 108) infers, from passages of Ptolemy, that it was
ulways the fourth above the lowest note; and he founds on
$his some ingenious speculations as to the construction of
melodies and their harmonic treatment. Other writers
give a epecial importance to the lowest note itself, in which
they believe it was customary to cause every composition
to end. And it is certainly natural to think that the
lowest and highest notes of any octave-form, between
which all the othere were contaived, should have been
considered of special importance,
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In the early ecclesinstical music, the reference to &
principal note in the scale becomea somewhat more
definite. In regard to the four original “authentic”
modes or scales of Ambrose, we find the rule clearly estab-
lished that melodies in which they were used should end
on the lowest note of the scale. Henos this note became the
important one, a sort of fonde to a certain extent analogous
to ours, and in all probability this was the first dawning
of our present tonal system,

This condition renders more clear the nature of the
distinetion between the authentic and the plagal modes,
sebsequently introduced by Gregory. Compare, for example,
the Phrygian authentic and the corresponding plagal mode.

PHRYGIAN Au-mmww.a_ el PERYGIAN PLiGAL
2 — f ————
e ———H

In the former the important note, the final or tonic D, is
the lowest note of the scale; in the latter it is the fourth
note in ascending.

If now, in a series of eight comsecutive notes, we con-
gider, on the “authentic” principle, the lowest note to be
the important one, or fonie; and if further we bear in
mind the Pythagorean first landmarks of subdivision of
the octave, namely, the f/tA® and fourth, we shall be able
to test the octave-forms of the Greeks, in regard to their
applicability to such a division,

We shall find that one of them, the Mixo-Lydien, has

des formuoles (e chant basées sur

1 It is worthy of remerk that in
loe éclielles quon vient de voir, an

the anvient church melodics we find,

not only the most important note
marked aa a tonic, but a distinet
indicaticn of another note next in

ended

moyen de certain note qui sert de
s, da point dappei au ohant
naic) et d'une amtre mote (domi.

importance toit, The melodi
on the tonie, but in their course they
used one note more frequently than
others; from the inance of
this note it was called the dominant,
and it was generally the &fth of the
tonie, mnd it was of course the origin
of the pressnt note knowp by tgzt

pame.
“Les tons du plsin chant somt

te), ?m, 'sllinnt de Is manidre In
plus nafurelle st ls plus frequente
aux formes mélodigues qui uisent
i ja note de repos, charactérise aves
celle-ci la tonalité de l'échalle,”—
Fétis “* Methode Elémentaire de Plain
Chant.” Paris, 1843
Tha Church use of the dominant
T to be analogous to that of
the Greek mesd,
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an imperfect fifth, and another, the Hypo-Lydiax, an imper.
fect fourth, both therefore giving imperfect results. These
were late introductions, and but little is known of their
Greek use,? Glareanus included one of them in his list, on
theoratical grounds, but neither of them was much used in
the Church when tonality began to assume importance.

The other five may all be considered good and proper
tonal scales; they all sgree in the characteristic that the
mein divisions of the octave are perfect, and they only
differ from each other in the subordinate divisions, these
differences giving the peculiar character to eack mode.

The following disgram will show clearly the nature of
the differences in question :—

{original HYPO- HYPO.
g::;:l} DORIAN. LYDIAN. (PHRYGIAN.| DORIAN. |pgpyayan,
{Modern {Modern
Minor.) Magor.)
TONIC.
BEMITONE
Toxx TONE. ToXE. Toux,
ToNE e —
BEMITONE, BEMITONE
ToNs. Toxe |——
——] 'TONE. Tonz, -;—-*-"— ToNE.
BEMiTONE, EMITONE.
FIFTH,
ToxE. Towe. ToNE. ToNE Toxnk.
FOURTY.
SEMITONE. BEMITONE
ToNE ToNe. ToNE
| Tomm, Tonx.
BEMITONE, BEMITONE.
Toxx.
TONE. Toxm ToxE a Toxe.
BMITONE.
TONIC,
Firet Third Seventh
Church Chwrch Chwurch
Mode, Mode, Mode,

3 Westphal, p. 78.
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Qut of these five tonal scales three have become obso-
lete, only two being used in modern music, The reason
for this change is to be found in the introduction of
harmony. About Glareanus's time, music began to take
a rapid stride in advance by the geniuy of the immortal
Palestrina, The practice of harmony had then become
cultivated, and this, as it progressed, toeok such an im-
portant position as to make all other elements subser-
vient to it.

Thke harmonic relations acted at once on the modes. It
was found that some modes were better suited than others
for barmonic purposes; and, on the Darwinian principle
of the “survival of the fittest,” these lived on, while the
less suitable ones died away.

Baut, singuiarly enough, the meodes that lived on into
modern music were not the Church modes, but those which,
as stated in the last chapter, had been employed in secular
music. One of these, the Greek Lydian (Glareanus’s
Ionian) in particular, had been taken possession of by the
Troubadours and other secular musicians of the Middle
Ages; and this mode was held in contempt by the church-
men, who called it the modus lascivus, or wanton mode.
Yet, when tested by the requirements of harmony, thie
proved to be the moat useful of all, aa it is now our modern
smajor mode, in which the greater part of the music of the
last two centuries has been written,

The modern minor mode corresponds to the Greek
Hypo-Dorian. This also was not used in the Church, but
it was well known in secular mueic, and particularly for
national or popular melodies.!

Along with the harmonic element came in & much
more perfect establishment of the predominant importance
of the fundamental note of the scale, or fonic, as it came to

1 Pgrther explanations on the m- xix., and in Helmholte, pp. 378 to
periority of these two moden for bar- 380, 455 to 461, 464 0 457, 567.
monic purposes will be found in chap.
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be called. Compesitions were not only mads to end in if,
but the harmonies were so arranged 23 to have continual
reference to it, and 80 to keep it constantly in the mind as
a sort of standard to contrel and regulate the whole. The
influence of this principle became more and more promi-
nent, until in the last century it became firmly established
a3 one of the most essential elements of musical compo-
gition, It is difficult now for ordinary musicians to con-
ceive even the slightest musical phrase otherwise than aa
identified with a particular key.

One of the best English writers on music, Mr, Hullah,
has paid much attention to the history of this featurel
He estimates that the old form of tonality, that of the
modes of the Church, copied from the Greeks, was in
vogue till about 1600; that then came about ome hun-
dred and fifty years of fransition, during which the feeling
for harmony was gradually acting in the transmutation of
the old system and the preparation of the new ; so that
it was not till about the death of Handel or the birth of
Mozart that the modern tonality took firm root, and became
established a8 we now have it.

It is strange to think that a feature which we now deem
one of the most positive necessities of music should be
only ebout a century old; but this is only another warn-
ing how careful we ought to be not to be misled, in arguing
sbout the theory of musie, by modern habit and educa-
tion,

It is doubtful whether the imperative adoption of
modern tonality is en unmixed good, for it cages uain a
somewhat narrow gircle. Even the minor mode we do not
give its full scope, for in some respects it is altered to
aseimilate it to the major. (See Chap. XIL)

1 8ee hin “ History of Modern mentions how “‘ utterly regardless™
Mugxic,” and " History of the Tran- Haodel and Bach wers of the peculi-
sition Period.” Professor Macfarren arityof the ‘' sensitivanote,” on which
also {**Lactures on Harmony,” p. 36) the modert: tonality ohiefly hangs,
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Many writers have advocated more variety in our tonal
arrangements,

The following remarks by Hauptmann on this point
are worth quoting :—

% Many of the chornses in *Israel in Egypt’ acquire an entirely
peculiar enlouring through the old modes in which they are more
or less ptrictly written. We bave already discussed how often, in
modern muaic, the boasted richness of lermony is coufined to the
puverty of two chords, the tonic and dominant, which, notwithstand.
ing all medulation into far-removed keys, only reappeer transposed ;
whereas Bach, while remaining in one key, can find material enough
to develop the richeat variety by using not only these two, but ull
harmoniea that lie in the scale. Something similar appears to me
to exist in the distinctions between our modern major and wminor
snd the old modes ; the former lead te mere transpositions of one
and the same series of notes, whereas the latter are, by the differences
in the steps of their scales, entirely distinct from each other, and
have each consequently a decidedly marked character. Handel has
tuken advantage of this—the chorus No, 11 being entirely Phrygian,
No. 21 being mostly Dorian, eo far a5 the treatment of the scale is
concerned, This sort of thing ought not to be thrown aside as use-
less Jumber; it might do good service in oppovition to the insipid
sentimentality of modern {aste ; it tends to enforce strength and
power.”—Letters to Hauser, vob i, p, 7.

Helmholtz {to whom the suliject of tonality appears to
huve great attraction) has investigated the characters and
capabilities of the old modes ai much length.

It is by no means impossible that composers of genius
might some day open for themselves a considerable field
for novelty and originality by shaking off the trammels of
our restricted modern tonality ; and that they might find
scope for the development of the art in some kind of
return to the principles of the ancient forms, which at
present are only looked down upon as obsolete remnants
of a barbarous age.!

1 See further remarks on this subject in Note A, at the end of this work,
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CHAPTER XI,

THE MODERN DIATONIC SCALE, AS INFLUENCED
BY HARMONY.

IN the last chapter the introduction of harmony has been
alluded to as having had an influence in determining the
modern modes, But it has done more than this; for har-
mony has acted also in modifying, in an important way,
the positiona of the notes of which the diatonie scale should
be formed.

The nature of harmony generally will be discussed at
length in the next part. But as its bearing on the scale
must have a place here, it will he necessary so far to
anticipate as to take for granted obe or two of the most
sitaple harmonic combinations.

It has been already explained thet Pythagoras, in
determining the notes of the ancient diatonic scale, took
into account the relations of the mnotes io each other,
defining these relations by the proportionate lengths of
string necessary to produce the notes compared.

Now these relations are precisely what we now know
as the relations of harmony, and thus we come upon the
curious fact that the principles of harmony were, to a
certain limited extent, known and applied centuries before
harmony iteelf came into general use. For it is easy to

understand that two notes, say @ when sounded

successively in the manner of a melody, may be governed by
the same mutual relations as if they were sounded together,
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thus, ﬁgé in the more modern manner of harmony,

=

But when harmony became practised as a musical gys-
tem, the relations betwean notes simultaneously sounded
assumed much more importance ; and thus the harmonic
congiderations, which existed to a considerable extent pre-
viously, hed to be carried much farther. The principles
of harmony now form the positive basis for fixing the
exact places of the different notes of the diatonic scale,

There is also another modern element that, from its
very nature, must enter largely into the question, namely,
that of fomality. The fact that one note of the scale is
much more important than any of the others, must of
necesgity give that note the prior consideration in har-
moni¢ relations, it being the point of reference of the
whole. '

Hence we get the rule, as regards the modern diatonie
geale, that

FEvery note of the scale must have, as far as possible, con-
cordant harmonie relations Lo other notes; and in determin-
ing these, the relations to the tontc or key-note are the more
important.

1t will be desirable now to re-examine the diatonic
scale by the light of this rule, and to see how far the
Greek determinations of the positions of the notes meet
the requirements of modern barmony.

The mosat convenient method of doing this is by measur-
ing the intervals between the several notes according to
the method of logarithms described in chap. vi, by which
the magnitude of each interval can be expressed in simple
numbers,

And we may also now apply the plan briefly alluded to
at the end of that chapter, namely, that of representing
the intervals graphically. This is & most useful method
in the higher class of musical investigations, from the easy
and definite manner in which it enables relations, usually
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considered complex and obscure, to be pressuted to
mind ; and hence it will be well to explain it somew
fully, in order to make it perfectly clear and intelligib

If we think a little, we ghall find that we have a nats
tendency to compare the pesitions of musical notes v
positions in space. It is not clear that there is any:
or physiological connexion between the two things;
it is certain that the idea of such a connexion hasg, so
how or other, become implanted in our minds.

For example, we call a note with rapid vibrations a }
note, and one with slow vibrations a low note, clearly
ferring them to comparative positions in space. Tt
expressions, hich and low, are purely arbitrary and conx
tional; there is no natural justification for them ; but ¢
have existed almost ever since music took a definite fc
and they clearly illustrate the analogy here insisted o1

Now further, if a rapid-vibration note is called high,
& glow-vibration one is called low, it follows that
mueical idea of distance, or what is called the mus
inferval, between the two notes may be considered
heving an analogy in our minds with the énferval in g
between the high position and the low one; and we
easily imagine that if the musical distance between
two notes is greater, it may be represented by a gre:
interval of space, and vice versa.

In other words, it is possible, and consistent with ic
already existing in our minds, that representatione
musical intervale should be made for the eye, so ac
convey ideas of comparative magnitude precisely analog
to the impression which these intervals make on the &

This is the graphic method of representing interv
and if is propesed to apply it, in this and the follow
chapter, to the illustration of the nature of the mod
scales, a purpose for which it is particularly well adapt

1 Txnis adepiation was published by 8ir Frederick Ouseley’s work
the author in 1858 wa an Appendixz t0 Harmony.
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as representing the minute differences of intonation mor
clearly than by any verbal deseriptions,

The idea of such a representation of the scale is em.
bodied in the very word itself, for our term scale is derivec
from the Latin word seala, which means a ladder or stair
cage ; and this of course implies that the intervals of spas
between the various steps of a ladder have been considered
from very remote antiquity, as corresponding with the
musical intervals between the various notes of the scale,

The mode of preparation of such a graplical scale is
very simple, when the various intervals are musically
defined, inasmuch as nothing more is necessary than to lay
down, from any convenient scale of equal parts, the loga-
rithmie value of the intervals, as explained in chap. vi
The relative positions thus determined will then offer to
the eye a representation of the scale precisely correspond-
ing to the impression produced on the mind through the
ear, and perfectly accurate even to the most minute shades
of intonation,

The comparative dingram of the Greek and modern dia-
tonic scales, given on page 133, is prepared in this way.

The left-hand figure represents the Greek diatonic scale
as settled by Pythagoras, and the right-hand one is the
modern scale as determined by the harmonic relations.
The two may thus be easily compared, and the differences
between them rendered easily appreciable. These differ-
ences are but slight, but as the principles on which they
depend are very important to the theory of musie, it is
desirable to study them with some eare,

Let us now, therefore, with the aid of this diagram re-
examine the diastonic scale of the Greeks, and see how far
its notes are affected by their harmonic relations to each
other, and particularly to the fonic or key-note, which
forms in modern music the basis of the whole. We will
follow the Pythagorean construction, taking as the sim-
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considered complex and obacure, to be presented to the
mind ; aud hence it will be well to explain it somewhat
fully, in order to make it perfectly clear and intelligible.

If we think a little, we shall find that we have a natural
tendency to compare the positions of musical notes with
positions in space. It is not clear that there is any real
or physiological connexion between the two things; but
it ia certain that the idea of such a connexion has, some-
bhow or other, become implanted in our minds,

For example, we call a note with rapid vibrations a high
note, and one with slow vibrations a Jow note, clearly re-
ferring them to comparative positions in space. These
expressions, high and low, are purely arbitrary and conven-
tional; there is no natural justification for them; but they
have existed almost ever since music took a definite form,
and they clearly illustrate the analogy hers insisted om,

Now further, if a rapid-vibration note is called high, and
& slow-vibration one is called low, it follows that the
musical idea of disfamce, or what is called the musical
tnterval, between the two notes may be considered as
having an analogy in our minds with the inferval in space
between the high position and the low one; and we can
easily imagine that if the musical distance between the
two notes is greater, it may be represented by a greater
interval of space, and vice versa,

In other words, it is possible, and consistent with ideas
already existing in our minds, that representations of
musical intervals should be made for the eye, so as to
convey ideas of comparative magnitude precisely analogous
to the impression which these intervals make on the ear.

This is the graphic method of representing intervals,
and it is proposed to apply it, in this and the following
chapter, to the illustration of the nature of the modern
scales, & purpose for which it is particularly well adapted,!

1 Tnis sdaptation was published by 8ir Frederick Ouseley’s work om
the suthor in 1868 ma an Appeundix to
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as representing the minute differences of intonation more
clearly than by any verbal descriptions.

The idea of such a representation of the scale is em-
bodied in the very word itself, for our term scele is derived
from the Latin word sealz, which means a ladder or stair-
cage ; and this of course implies that the intervals of spacs
between the varions steps of a ladder have been considered,
from very remote antiquity, as corresponding with the
musical intervals between the various notes of the scale.

The mode of preparation of such a graphical scale is
very simple, when the various intervals are musically
defined, inasmuch as nothing moreis necessary than to lay
down, from any convenient scale of equal parts, the loga-
rithmic value of the intervals, as explained in chap. vi
The relative positions thus determined will then offer to
the eye a representaiion ef the seale precisely correspond-
ing to the impression produced on the mind through the
ear, and perfectly accurate even to the most minute shades
of intonation.

The comparative dingram of the Greek and modern dia-
tonic scales, given on page 133, is prepared in this way.

The left-hand figure represents the (reek diatonic scale
as settled by Pythagoras, and the right-hand one is the
modern scale as determined by the harmonic relationa,
The twe may thus be easily compared, and the differences
between them rendersd easily appreciable. These differ-
ences are but slight, but as the principles on which they
depend are very important to the theory of music, it is
desirable to study them with some care,

Let us now, therefore, with the aid of this diagram re-
examine the diatonic scale of the Greeks, and see how far
its notes are affected by their harmonic relations to each
other, and particularly to the fomic or key-note, which
forms in modern music the baais of the whole. We will
follow the Pythagorean constraction, taking as the sim-
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plest example a scale with the key-note of C, and adopting
the Greek Lydian, corresponding with our modern major
mode. For the sake of assigning definite positions to the

notes we will take the O = 256 vibrations per
== P
second, as the lowest note of the seale,

The ascale is bounded by the most important interval in
musie, that of the ocfave, giving C = 512 vibrations, the
logarithmic value being 301. This is a true and perfectly
concordant harmonic interval, which therefore remains
faultlessly applicable to the modern secale,

The most important intermediate note in the seale is G,
forming with the key-note C the interval of the fifth,
This was laid down by Pythagoras as his chief division to
a ratio of 3: 2,ziving a logarithmic value = 176,and produe-
ing a note with 384 vibrations, This also is a perfectly
good concordant interval, which cannot be improved, and
it therefore remains intact in the modern scale,

The same may be said of the second main Pythagorean
division F, the fourth (ratio 4:3, logarithm = r25) giving
a note of 341§ vibrations. This also forms a good harme-
nious concord.

Thus we see the main divisions of the Greek diatonie
scale, the octave, the fifth, and the fourth, agree precisely
with thoss of modern musie,

We must now proceed to fill in the subordinate divi-
sions.

Take first the note D, which on the Greek division is
a tone above C. This interval has a ratio of 9:8, or a
logarithmic value of 51, and giving & note of 288 vibrationa.
This is too near the key-note to form & concordant relation
with it, but a little examination will show that the note D
thus fixed forms the concordant interval of a perfect fifth
with the G below, the note G being the next in importance
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to the tonic C. This note D therefore staunds, on this
justification, in our modern scale.

By taking another fonz above I we get the next note
on the Greek acale, namely, E, with 324 vibrations.

Here we come upon a difficulty, for by comparing this
with the key-note C we find an inharmoniouns or discor-
dant relation, the value of the interval being the ratio of
81 ; 64, or the logarithm 102, But when we come to 8tudy
the principles of harmony, we shall find that there isa
harmonious or consonant note very mewr this, namely, at
the interval expressed by the ratio of 80:64 (5 : 4), or the
logarithm 97, giving & note with 320 vibrations. Henee,
consistently with the principle that the relation to the
tonic must have the primary significance, we prefer, in
modern music, to put the third note of the acale in such a
place as will produce this relation, or, in other words, we
make it what is called a frue major third,

The position of E thus obtained is shown by the line on
the right-hend diagram, which, it will be seen, is a little
lower than the one on the Greek acale.

Of course thig causes some alteration in the two intervals
or fones of which the third is made up. We might reduce
either of them, but the D is an important note, and it is
desirable to keep it as it was, ps it forms a true fifth to G,
and hence we reduce the distance from D to E.  This
would come out by caleulation = 10 : ¢ : expressed by
the log. = 40. It is called a minor fone. The major tone,
CtoD, isg:8 = 51. The difference between them,
called a comma, hos the ratio 81: 80; log. = 5 nearly.

The position of the E as we first Lad it, 1., made up of
two equal major tones, gives what is called the Pythagorean
third.

It is worth while menticning that the inharmonious
nature of the Pythagorean third was found out by the
later Gireeks, One Didymug about the commencement of
the Christian era proposed the very alteration we have
just described ; and it was again insisted on by Ptolemy
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about a century later, and was adopted in the later Gresk
scales. It says much for the delicacy of the Greek ssnge
of music that they remarked this inharmoniousness, which
would pass without notice by the ears of many modern
mugicians,

‘We may now go on to fill up the subordinate divisions
of the scale above G. Following the Pythagorean divi-
gions, by setting off two major tones above G, we get the
two notes, A = 432 vibrations, and B = 486 vibrations.

In regard to the first of these, A, if we compare it with
the upper tonic C, we find it gives an interval, which by
caleulation comes out = 32 : 27, log. = 74, being inbhar-
monious and discordant.

But there is an interval very near it, namely, the minor
third, which is consonant and harmonious, and which has
a ratio of 6 : 5,log. = .079. This gives & nots with 426.7
vibrations, And therefore, on the same principle aa before,
the A is put a little lower, where it will form this relation;
and it then also forms with the lower C another conso-
nant interval, the major sixth, ratio 5 : 3, log. = 222,

Looking next to the seventh note, B, it is too near the
tonic to form anry consonance with it; but we may com-
pare it with the next note in importance, namely, G, and
we find it makes with it & Pythagorean or inharmonious
third, Hence we must make the same correction as we
did in the case of the E, by lowering it one comma, which
mekes it & true third to G, and gives a note with 480
vibrations.

The nature of these several changes will be obvious by
a comparison of the two diagrama. The intervals between
E T and B C are each called & diatonic semifone, ratio 16 :
15,log. = 28. The old Greek hemitone between the same
notes was = 23.

We have now determined the acientific positions of all
the seven notes of the modern diatonic scale; and if we
compare them with each other we shall find that for the
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most part the harmonic relations between them are pro-
perly consenant, thus—

CtoEisatruemajorthid . . . = o7
C to F is a perfect fourth . . . . m 12§
CtoGisaperfectfith . . . . =176
C to A is a true major sixth . v . - 222
C to C is a perfect octave . = 301
D to G is & perfect fourth . = 12§
I to B is a true major sixth = 222
E to G is & true minor third = 79
Eto A js a perfect fourth . . = 12§
EtoBisaperfectfifth . . . = 176
E to C is & true minor sixth . = 204
F to A is a true major third = g7
F to O is a perfect fifth . . = 176
G to B is & true mejor third . - gy
G ta C is & perfect fourth . - 125
A to C is a true minor third = 79

Here, therefore, within the compass of one octave are
found no less than sixteen perfectly consonant harmonic
combinations, whereas in the original form of the scale
less than half the number existed,

Bui sven in the modern scale all the intervals are not
perfectly consonant, Take, for example, the fifth from
D to A; this will be found = 171, which is out ¢f tune,
being one-fifth of a semitone too flat. If we were to raise
the A, we ghould put it cut of tune for the subdominant
chord F, A, C; if, on the other hand, we were to lower the
D, we should spoil the chord of the dominant G, B, D;
and as both these chords are of such importance to the
tonality, it is better to retain them pure, leaving the error
in the less important fifth D, A.

We sball also find that the interval from D to F is not
a true minor third, being = 74 instead of 7g, or one-fifth
of a semitone too flat. This also cannot be remedied
without spoiling intervals of more importance, and we are
obliged to put up with a bad minor triad on the second of
the scale, both the third and fifth being wrong,
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Two remarks, of theoretical importance, arise out of this
imperfection,

In the first place, iz these out-of-tune relations between
D, F, and A, we come upon the first and simpleat of the
difficulties in the way of getting what is called sust or
true indonalion on keyed instruments, 4.e, a theoretical
perfection in all the intervals when notes of the scala are
combined in harmony. Tt is clear that no instrument with
soven fixed notes in the scale can be always tn fune for
that scale, 4.6, can have all its combinationa in perfect har-
mony. For this purpose we must have some of the notgs
variable in position ; or, which amounts to the same thi
we must have more notes than seven—namely, alternativa
notes for D, F,or A. Other difficulties of the same naturg
wiil develop themselves to & much larger extent in the
next chapter.

The next remark that arises out of these imperfections
is, that they gave a strong corroboration of the view
expressed in chap. viii.,, that the distonic scale is a con-
ventional and artificial series of notes, and not, as many
people suppose, one dictated by any imperative natural,
physical, or physiological laws, If it had been so it wight
have been expected to be perfect, whereas it is essentially
imyperfect by its very nature and copstruction. It is true
that, as we have seen, it lends itself easily to certain
naturally harmonions and pleasant combinations, and thia
i# probably all that can be said in its favour.
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CHAFPTER XIL

THE CHROMATIC SCALE~-THE SCALES OF THE
MINOR MODE.

WE now come to another element in the scales used for
modern music, 4.2, the chromatic notes.

The diatonic scals, of which we have been speaking
exclusively hitherto, i represented by the white notes of
the piano; the black notes represent additional sonnds,
which, when used in conjunction with the others, belong
to what is called the chromatic scale,

These additions are very ancient in their origin. They
were used to some extent by the Greeks, Sometimes
when & diatoniec progression consisted of a tons, they
altered it to & semitone, just as we alter the distance F @,
to F§ G. In fact, systems of scales were formed in which
these alterations occurred; and from some idea that such
changes had an analogy to colouring, they called this
kind of music the chromatic genus, from which our term
comes,!

In the early ecclesiastical muasic, the diatonic seales
used were also subject to occasional chromatic alterations,
These changes were, however, seldom written in the music;

1They alse weny further, for an
they found that even the semitone
could be divided into smaller parta
appreciable by the ear, they intro-
duved quarter-tones, Thin wus oalled
the enharmonic genun. A slight in-
dication of the Greek chromuatio and

enharmonic genera will be found on
page 95. They did wot correapond
to tha yame terms s applied in mo-
dern music, but they show tiat this
nwtion bad carried their study of
melodie intervals to a considerable

lengsh.
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they were left to be done by the singers, either according
to tradition or as their faney might direct,

This state of things continued till about the fifteenth
century, when the use of harmony began to gain ground,
and the sense of tonality became more developed, accom-
panied by efforts at modulation. This led to the much more
copious and definite use of chromatic changes, and at last
to the full chromatic scals, which appears to have come into
use in the sixteenth century,

A chromatic note is usually supposed to be produced
by taking a certain natural note of the diatonic seale, and
altering its pitch by sharpening or flatfening it as may be
required,

This plan (which has almost amounted to a definition
of a chromatic note) has been dictated by the exigenciea
of the musical notation ; but it has no natural justification,
The note F§ has no sort of connexion with the note FY;
nor has Bb any connexion with Bf. They are perfectly
distinet ; and if the means of notation allowed it they
ought to have independent names and independent
symbols,

We cannot rectify this now, but the imaginary con-
nexion has been the source of much misunderstanding and
error in musical theory, and it is right that all earnest
students should dismiss it from their minds.

What we have to do here is to defermine the position of
the chromatic notes in the scale, in the same manner as
we have determined the distonic notes.

But this determination involves more difficulty. We
must, in studying the theory of musical scales, avoid
being misled by the simplicity of our pianoforte keys. We
know that on this instrument Cf and Dp are represented
by the same note, which is situated midway between C
and D. It requires but little musical edveation to be
awure that this is not correct; it in only & compromise,
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but it requires a great deal more knowledge to be able to
decide precisely whereabouts C$ and Db should be, and
what the two notes really mean; and even musically
educated people heve a confused and indefinite, and in-
deed often an erronecus, notion of the exact nature of the
difference between them.

To solve this problem we must go to the root of the
matter and inquire what the chromatic notes are jfor!
What purpose in the musical system do they serve? Much
confusion has erisen from a want of proper consideration
of this point; and, indeed, it is doubiful whether the
matter has ever received from theorists the attention it
demands.

The solution of the problem, which involves some
difficulty, appears to be as follows. The chromatic notes
are used, in modern music, for two distinet purposes, which
are so geparate and dissimilar in their nature, as to lead to
different conditions for the notes themselves, according
to which purpose they are required for.

The first use, and undoubtedly the principal one, is for
the purpose of modulation. This is an element conse-
quent on the introduction of the modern tonality. The
ancient varieties of mode being now out of use, composers
are driven to give variety by changing the Lydian tonic
on to a different note, and when this is done, the original
seale becomes insufficient; new notes have to be added
which did not exist in the original key.

Suppose, for example, that after naing the acale of C, it
is desired to make G the key-note: taking the same in-
tervals as before, it will be found that one of the notes
of the former scale—namely, F—is useless, and that we
want a new nofe, lying between F and G, to form the
seventh of the new acale,

Now this note hes, s we have said, no connexion what-
ever with the previous ¥ ; but for simplicity's sake, and
in order to avoid introducing a new symbol, it is cus.
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tomary to assume the fiction that the ¥ is raised or
sharpened, which operation is denoted by putting the
sign of a sharp (§) before the note, thus—

Beals of C. Scals of G

o 'j7ﬂ!_ =
G R EEEE

Again, suppose the key be changed to F, the note B
becomes useless, and we want & new note between B and
A to form the fourth of the new scale. This is repre-
sented by the fiction of lowering or fattening the B, which
operation is denoted by putting the sign of a flat (b) be-
fore it, thus—

Bpale of C. Boals of F.

—1 1 T T I
5 : — T 1 _-___‘__ti:“ 1 ‘l__!_u__'_i—-—d- ]

These arrangements are familiar enough, a8 a part of
ordinary musical education,

Now, there can be no mistake or difference of opinion
as to where the new note, in either of these cases, should
be. The new scale we want must be similar in construe-
tion to other diatonic scales; in fact, the new notes lose
their chromatic character, becoming strictly diatonie; and
this determines their position with absolute certainty.

The F4 for the scale of G must correspond with the B
in the scale of C; 4e., it must be a true major third above
D, And, eimilarly, the Bb for the scale of F must cor-
respond with the F in the scale of C; <e., it must be a
perfect fourth above F.

These determinations, it will ba observed, depend on
the harmonic relations between the various notes of the
geale, a8 explained in the last chapter; and they are im-
peratively fixed by the modern use of tonal harmony.

Here, therefore, we have one clear mode of determining
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the exact place of chromatic notes, namely, by the Hag-
MONICAL use of them,

But there is another purpose to which they are applied.

In the progress of music to its modern form, its first and
simplest element, melody, has undergone a considerable
change. Musical melody is no Jonger what it once was, a
simple series of slow notes, but it admits, in its modern
form, of ornameniation, often carried to & considerable
extent, and very elaborately.

Now, in order to increase the scope of such ornamenta-
tion, it haa become a practice to use other notes than
those of the diatonic scale; and as the introduction of
these notes is rather accidenfal than essentizl, the notes
are expressly called by the name of accidentals. But as,
in consequence of the limited nature of our netation, there
is no means of expressing such notes except by the same
fiction we have already mentioned, namely, that of the
dintonic notes next to them being sharpened or flatiened,
they must be denoted by this kind of symbol.

These accidental chromatic notes, therefore, fook like
those previously described; but in reality they differ from
them in nature altogether, inasmuch as they tmwvolve
no change of key, and form no part of any new harmonic
combination. In the former case they are essential fo the
structure of the composition in which they oecur; in this
case, they are merely embellishments superadded, just as an
architect adds decorative ormaments to the substantial
parts of his building,

This is what should be called the MELODIAL use of
chromatic notes, and it may advantageously be illustrated
by two examples. The asterisks show the chromatic
embellishments,

Mozanr.

e e ey
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1t will be seen that in neither of these examples do the
chromatic notes involve any change of key; and, conse-
guently, in no case does any chromatic note form a part of
any new diatonic scale,

Let us then repeat our inquiry, Where should the chro-
matic notes be if used for this purpose ?

The answer is a very simple one: in this case it does
not much matter whereabouts they are. Thers is no logical
reason why they should be in any particular place, A few
examples will illustrate this proposition, Take such a
passage as this—

j

=Ees
=

I
Bl

which conteins two accidentals, ¥§ and Ap, used as melo-
dial ornaments to the G. If the passage were played on a
pianoforte or clarionet, or other keyed instrument, these
must, of course, be played on the fixed notes used for
general purposes. But if taken by & violin-player or a
ginger, who was unfettered as to their position, it is pro-
bable that his judgment and feeling would lead him to
make them both very close to the G, e, the F§ only a very
little below it, and the Ab oaly a very little above it; in-
deed, in violin playing, this method of placing chromatic
notes amounta to a rule,
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Other cases would be treated differently. For example,
if a violin player had to execute a passage containing what
is called the chromatic soale, or a part of it, thusg—

1 % :c:#::__'giéﬂ
= =5

|

his feeling (which, if & good player, ought always to be his
guide consistently with the structure of the music) would
no doubt lead him to divide the tones equally, for the sake
of making equal steps in his run,

Now, taking the note F¥, we have arrived at three dif-
feront places for it

I. The position determined by ite harmonical use;
namely, a major third above D, which brings it not quite
helf the height between F and G : assuming F tohave 341}
vibrations and G 384, then F¥ on this principle will have
360 vibrations.

2. The ornamental melodial position, which gives it an
indeterminate place, very close to G ; and this note having
384 vibrations, the F§ may be put at 375 to 380.

3. The equsliy-divided inelodial position, half-way be
tween F and G; this will be about 362 vibrations,

This shows that we may legitimately have different
places for the chromatic note F§, according to the objects
for which it is intended,

It will further be seem, which is the most important
thing for our present purpose, that the melodial position is
indeterminate, depending, not on any striet law or rule,
but on the taste or faucy of the player or singer. It is
clear, therefore, that this latter mode of determination
can be of no use in fizing any values for the notes of the
chromatic scale, This must be done by the harmonical
method, which has the advantage of fixity and definiteness,
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every note so determined having a positive place capable
of being easily ascertained,

Let us proceed, therefore, to determine a series of chro-
matic notes on the harmonical principle, 4., a series of
notes which are necessary in order to establish new diatonic
scales. We will take a series of such scales, and see what
chromatic notes they give rise to,

The first iz the scale of @, already mentioned, This
requires an ¥g, which must be a major third above D,
giving 360 vilrations per seednd.

Secondly, we may take the scale of D, which requires
a C4, a major third above A, giving 533.4, or for its lower
octave — 266.7 vibrations,

Next, the scale of A requires a G#, & major third above
E = 400 vibrations,

Similarly the scale of E requires a D§, a major third
above B = 600 vibrations, or for the lower octave = 300,

And the scale of B requires an A$, a major third above
F§ = 450 vibrations,

We might adopt & similar method in determining the
flats, by taking Bb a3 given by the new scale of F, and s0
on; but there is & simpler way of ob{aining them by more
direct harmonie relations,

Eb should make a minor third with the key-note C,
giving 307 vibrations,

Ab should msake & minor sixth with the game note,
giving 400.6 vibrations.

Bb is & minor third above G, giving 461 vibrations.

Gb is a major third below Bbp, giving 368.8 vibrations.

‘We might go further and get more sgharps and flats, ag
EZ, B, Cb, Fb, and 80 on, but these are sufficient for our
Present purpose, as comprising the most common notes in
the chromatic scale.

These notes are inserted in their proper places on the
diagram in the Plate, which has been carefully prepared
by the graphical method described on pages 131 and 132
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But we now come in contact with the difficulty alluded
to in the early part of this chapter, which is really an
important one, illustrating forcibly the remarks made about
the uncertain nature of the chromatie scale.

The diagram and the calculations will show that com-
pating the notes called sharps and fiats, the latter, i.e., the
flats, are always the Righer of the two. For example, Dp
is higher than Of, Gb is higher than F§, Ab higher than
G# and so on. Now this is directly contrary to the teach-
ing and practice of the violin, which is the instrument par
excellence of true intonation, * It is one of the most positive
instructions to violin students that C§ must be the nearest
to D, and Db the nearest to C.

Betlicz, no mean authority, considered the discrepancy
so important a8 to throw doubt on the whole acoustical
system of harmonie relations! and an excellent little bock
on the elementary principles of violin playing, lately pub-
lished under the sanction of no less a personage than Herr
Joackhim, embodies the instruction as to the relative posi-

tion of the two notes in unequivocal terms.?

1 Tyaité d'Instrumentation, article
¥ Ooncertinn,” p. 287,

2 Dia Grundlage det Violin-Technik,
von Karl Courveisier. Berlip, 1873,
pi» a0, 2L

Cis int Leitton in D.dur, und
sehilienst mich wehr eng an D. Der

dagegen Dominant- Septime in As- C#

dur, und schliesst sich eng an die
Terz C.

The suthar adde s very carioua
attempt to prove this on acoustical
priociples, founded on the well-known
roaultant sounds of Tartini {explained
in chiap. xvii, of this work). Heasys

= d—.__
thet if the two minims ﬁE.F_:

st sounded together, with the
high, the two crotahets will ba hoard
as rewoltants, while if they are
sounded with Db low, the resultants

will he changed as shown

]
whenos he draws the conclusjon that
the high position is the right one for
and the low one for D2,

It is trus that if, with the apper G,
768 vibrations, we iake ancther note
of 555 vibrations, we abo!l get the low
A, 213 vibrations, as resultunt ; sod if
with the G we take a flatter note, 58,
we shell get the low Bb, 230, as re-
sultant ; but this does not prove the
upper note to be Cff and the lower one
D‘;. This is » mere fancy, without any
foundstion. If the OF an belonging
to the scale of I}, has any harmonious
meabing whatever, it must mean the

U# major third above A, which given 5334

wibrations ; while the Dl! must meah
op the same principle s major third
below ¥, giving 539 vibrations.
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This is a very serious difficuity ; for, on the one hand, it
would be out of the question to ignore the opinion of well-
educated instrumentalists, such as Berlioz and Joachim;
while, on the other hand, the principles on which these
harmonic relations are constructed are eo simple, and have
been so clearly proved, both by theoretical and practical
congiderations, and by every investigator, from Pythagoras
to Helmholtz, that it would be equally out of the question
to controvert them. It does not appear that any attempt
to explain or reconcile this curicus discrepancy bas hitherto
been made; but it is quite capable of being satisfactorily
accounted for,

The explanation is found in the fact of the double mean-
ing and double use of the notes in the chromatic scale,
pamely, their harmonical and their melodial signification,

It must be recollected that the violin is essentially a
melodial instrument ; and the whole secret of the difficulty
lies in the fact that the violinist locks on chromatic notes
in their melodial aspect, and ignores that of their harmonic
bearing, as foreign to his instrumental object. Accord-
ingly, if a violinist is asked to give a reason why he makes
G¥ closer to A than to &, lie will think little of the
karmonical relations of the note; he will regard more pro-
minently its melodial character. He will say that Gf is
the leading note ascending to A, and (from some feeling of
which it is difficult to give the reasen) requires to be very
neer t¢; while in descending from Ab to G, the same
proximity is required in the other direction.

But these positions of G# and Ab are the artificial and
indeterminate ones, and are no guide for the more exact
places of the notes as they would be required for barmony.
And there is the strongest reason to believe that if a firat-
rate violinist were playing these notes in sustained harmony,
—eg., the Gf with an E, or the Ab with 8 C—his ear
would lead him to play the notes exactly in the theoretical
positions, and altogether at variance with the above-
mentioned melodial rules. 'We may safely doubt whether
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such a player as Joachim could ever bring himself to play
a major third out of tune, whatever his violin instraction
book might say.!

To return to the chromatic scale. The notes as fixed
on the diagramn will provide for the diatonic scales of
eleven keys—namely, C, &, D, A, E, B, F, Bp, Eb, Ap, I
—and they give seventeen different notes in the octave;
to get all the chromatic notes required for modern music,
we ought to have gone still further.

But even with the notes we already have, we get into a
difficulty ; for if we examine the various new scales we
have nominelly provided for, we shall find many places
where the harmonic relations between the different notes
of the same scale are not true. In order, therefore, to get
perfectly just intonation in all the keys, we must, in addi-
tion to the seventeen notes actually drawn, have many of
them in duplicate or triplicate. This enormeus difficulty
has exercised the science and industry of many eminent

1 The following remarkn in Haupt-
mann's letters iliustrate this puint:—
“ An anjmeted intonation {(on the
violin} is just se little mathematically
true au ko animated time-keeping in
strictly anonwling to the metronome,
On this sccount it is so diffienlt to
play the violin with the piano, not
on reoount of the equal temperament,
as the learned believe, but because
certain persons will not give way
from their fixed and stereotypsd
idens whether the nots be & lending
note or & minor ninth. It in very
eany to oalculats that, as sgainet C,
is Jower than Db; but when I

not fitted for en intallectunl perform-
ance, althongh it may be perfectly
scknowledged ; for, otherwise, how
sbould I ndmit the sharpaning of one
note and the flattening of the other?
The fealing of what ia right and good
is everywhere the ruling principle
of our being, ae we come from the
Creator's hand, and what accords
therewith, that is goed ” (il 01).
*We mny assert that even the
mathematically troe intonation does
not suffice for an animated perform-
ansce ; we wisk the leading nots fo be
higher, and & dominant and dimi.
nished seventh lower than the mathe-

[Haupt was  professionally =
violin player] mas OF as » leading
note, or D) an & minor ninth, T toke
the former much higher than the
latier : thuns it 1s Dot the aight varie-
tion from tho temperament which
here disturbs and hampers the violin-
ist. The mathemation! acouracr in

tical iutonotion requires. In the
two pamsagen, C, Dy, O, 2nd C,
D, it in certain that the D} will ke
sung fatter than the Of, althongh
the former mathematisaliy in 15 : 165
the latter 24 : 25, This is the paychi-
cal view of intonation, that the glavier
can know nothing of ™ (il 191,
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men in devising what are called systems of infonation, in
order, with the least possible complexity and trouble, to
produce music on keyed instruments perfectly or approxi-
mately in tune?

Now, in order to get over all this fearful complication,
there has been adopted an ingenious procesa of eompro-
mising, which simplifies enormously the consiruction of
the scale, particularly in its chromatic parts. It will be
seen, in the first place, that the distance between K and
F,and between B and C, is nearly half that between C and
D or G and A; and also that C# and Db, G§ and Ab, &o,
are not very different from each other. And, putting all
these things together, it follows, that if the octave is divided
into fwelve equal parts, a set of notes will be produced not
much differing from the true ones, and with the property
of being applicadle to all keys alike.

Hence hag arisen the modern pianoforte clavier, The
equai duodecimal division of the octave was familiar to the
Greeks, but its modern introduction is usually aseribed to
Adrien Willaert, a learned and clever Belgian composer,
who lived about the middle of the sixteenth century. By
this systemn the octave iz divided into fwelve equal semi-
tones, each semitone being tuned alike to an interval =
Yr of an octave,

This system of tuning is called eguol temperament, and
the semitone it produces ia called a mean semitone. The
value of & mean semitone, expressed in the usual form of
a ratio, will be—

Vibration-pumber of OF or Db u IJ—
Vibration-uunber of G
or expressed in logarithms—
A mean semitone = 25 (more accurately = .025086.)
The value of any interval containing # semitones, on

1 See many publicationn by thelate anguet, 1876; and & very Iarge
General Thompson; alse ““An Ele- amount of matter inserted by Mr
mentary Treatise on Musieal Inlervals Ellis, in his iranslation of Helm-
and Temperament,” by B. M. Bos- holts.
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»
the equal temperament, will be = 2, or in logarithms =
25 X n.
To compare a mean semitons with other forms of

gemibone—

The true chromatic semitene, C to O# . = 18

The true diatonic semitone, CtoDp ., = 28

The Pythagorean hemitone was . w23

In order, however, to give & general comparison of the
equally-tempered scale with the real ome, it has been
drawn on the Plate parallel with the correct one. To do
80 is very easy, as we have only to divide the octave into
twelve equal spaces. Each of these spaces is a mean
semitone, and two of them make a mean tone. The vibra-
tion-numbers are added to each note.

By this comparison it becomes easy to judge of the
nature and magnitude of the errors resulting from the
compromise. The most important are—

Rtz

& . e right,

B Major 7th . too sbarp by } of a Semitona,
Bp Minor 7th + 4 flat by 3 ”
A  Mgjor 6th ., , sharpby } »
Ap Minor 6th . gy 18t by } -
G Fifth ., , flat by gy ”
F Fourth . g sharp by g5 »
E Major 3d « o sharpby § "
Ep Minor 3d » » fat by } "
D Major 2d » 5 fiat by gy »
Cc .. right,

These errors have given rise to a great deal of contro-
versy and discussion. The thorough-going advocates of the
equal-tempered system ridicule what they consider the
fanciful distinctions of just intonation; they say the
equal temperament is near enough the truth to satisfy all
reasonable ears, and insist that it ought to be eatablighed
as the only proper foundation of modern music.
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On the other hand it is urged, theoretically, that it is
contrary to all the principles of music to consider or treat
the sharps and flats as the same notes ; and, practically, that
the equal temperament does nof satisfy the ear, but on
the contrary gives effects that many musicians consider
very disagreeable,

If we refer to the table we find the fifth and fourth of
the equally-tempered scale very close indeed to the truth,
and in regard to these no fault need be found. The
most important errors are those of the thirds, which are
considerably wrong; and it is undoubtedly the fact
that the mejor third is an inferval in regard to which,
from its prominent place in the major triad (the chord of
nature), the ear is peculiarly sensitive. On the pianoforte
this is not of 30 much consequence ; but in the organ and
harmonium, where the tones are sustained, a moderately
sensitive ear finds the equally-tempered major third very
harsh and disagreeable.

There is & good deal to be said on both gides, and the
truth lies between the extremes,

Sensible people can have little sympathy with the
extreme theorists who delight in reviling and despising the
duodecimal scale. All practical musicians must admit
that it has been one of the happiest and most ingenious
simplifications ever known in the history of music; thatit
has been the means of advancing the art to an incalculable
extent; and that the modern enharmonic system, founded
upon it, has becoms ao thoroughly incorperated into modern
muaie, that it is difficult to imagine how it could now be
abandoned.

But, on the other hand, one must, if one is to exercise
reagon and common sense in musical matters, be equally
at variance with that other extrems party who would
force on us the equal temperament in cases where perfect
intonation can bes obtained just as easily, namely, as in
stringed instruments, or pure vocal musie. It igonly in
keyed instruments, having a limited number of fixed
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tones, that the difficulties of imperfect intonation arise;
with the voice and the violin tribe there are mo such
difficulties, and hence well-trained singers or good violin
players would, when guided by their ears, naturally keep
their harmonies in tune. To prevent them from doing
this, and to try to make them conform to the imperfect
scale of the equal temperament, is an offence against
mugical perception unworthy of a true muaician.

Whetever may be said in favour of the utility of the
equal duodecimal division of the scale, no one with any
knowledge of harmony can fail to perceive that the too-
sharp third is musically unnatural and untrue, and it
ought never to be tolerated in sustained fones, if the
natural and true effect can be got. It is the possibility of
getting this which gives such an inexpressible charm to
stringed and voeal harmony, when unaccompanied by the
intractable keyed instruments; and, in the true interests
of sweet music, this kind of perfection ought to be
encouraged by every means in our power,

In keyed instruments it ig no doubt difficult to get
true intonation consistently with reasonable simplicity of
conatruction. It has, however, been ghown to be possible
to make orgens or harmoninms of limited size, which shall
fulfil this condition; and even with larger instruments
certain palliatives may be applied. In church organs,
for example, a mode of temperament (said to have been
introduced, or at least approved, by Handel) was formerly
in use which put the most useful keys well in tune; but
unfortunately, by the perverse fancy of players, it has
within the last fifteen or twenty years become disused.!

Possibly something might be done to improve the in-

1 The modern practice of tuning
all organs to equal temperament has
besn s fearful detriment to their
quality of tone. Under the old tun-

might be interrupted by a “ wolf"
now and then. Now, the harsh
thirds, applisd to the whole inatru-
ment indisoriminately, give it a

ing sn orgun made harmonlous and
sttractive musio, whioh it was & ploa-
wire o lisken to, even though it

oagophonous and repulsive effsct,
wliich neople are glad enough to ran
awayfrom. (Ses Appondix, Noto E.)
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tonation of orchestral wind instruments, if eonductors
took any interest in the matter; but no doubt, in the
great majority of cases, the equal temperament must he
adhered to, Tt may be to a large extent a necessary
evil, but no evil ought to be tolerated when it is un-
necessary t

Values of the Intervals in the Modern Scale.

We are now in a position to fix the accurate values of the
various intervals ordinarily used in modern musie, accord-
ing to the true scales hereinbefore described. And we may
divide them into two classes, viz, diafonic infervals, derived
from the major diatonic seale, and secondly, chromatic in-
tervals, where the aid of chromatic notes is necessary to
their formation.

Diatowic Intervals.

The most important intervals of the seale, called the
comsonant intervals, have their values fixed acoustically
as follows, ag will be fully explained when we come to
consider the principles of harmony in Chap, XVIL

The perfect octave
The perfect fifth
The perfect fourth
The major third
The minor third
The major sixth
The minor sixth

= oo > o oo s sde

W

1 The following remarks in Hanpt-
mann’s letters may be quoted :—

“Do you know thut Spohr asserts
that singers cught to learn by s well-
tempared clavier? ! —? —: —;
Ido not know what sign I ought to
put here, the proper one has yet to be
invented. And where is the tuner to
learn teopering ? must he refor to &
tempersd aet of forka? And why

should the singers témper? Auswer,
In order to sing muaic, which is aléo-
gether gontrary to the natere of voeal
music, for with good vocal music it ia
unnecessary, I& is also mot to be
learnt, thanks to the sireagth and
influence of our natwural organiss.
tion. Buot it i anid, without tem-
persment, it is impossible to sing
with aocompaniment !—aa if wo honr
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The values of the dissonant diatonic intervals must be
determined by calculation from these.

The digtonis semifone, B to C, is equal to a fourth less
a major third = § + i=§

The magor tone, C to D, is equal to & fifth less a fourth

The minor tone, D to B, is equal to a major third less a
major tone = § + § =30,

The augmented fourth, or tritone, F to B, is equal to a
major tone, F to G, plus a major third, G to B, e,
$xi- 4

The diminished fifth, B to F, is the inversion of this= 34,

The minor seventh, G to F, is an octave minus a major
tone, § + §, or which is the same thing, two perfect fourthe,
% 2 §'= 10.

The mfzjor seventh, C to B, is an octave minus a diatonie
semitone, § + }#, or which is the same thing, a fifth plus
a major third, § x §=%%.

Chromatic Intervals.

These are more troublesome to ealeulate, as there is
gometimes an uncertainty as to the whereabouts of the
chromatic notes used in them,

The chromatic semifone, C to C§ Here the Cf may
fairly be considered as the major third to the A below;
in which case the interval is a major third less a minor
third, or §+§=%5 - Or suppose we take it downwards,
say from A to Ab, the Ab may fairly be considered as a
major third below C, which gives us the same result aa
before.

The diminished octave, C§ to CJ, is the inversion of
this, = 48.

The augmented fifth, C to GE Here, as the Gf is

o falee sounds except thome that other liew after it. Aecording to the
temporament lesds to! {i. 192.) The ‘oycle of fiftha’ the most innocens
singer will not temper (i 34.) morcean In C major, which never
“When this Le of temperamsnt leaves the key, must ba played with
onos enters, it brings & thuousand all the tampered notes " (il 114}
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usually reselved upon A, it is reasonable to consider it as
a major third above E, so that the whole interval consists
of two major thirds superposed, or § x § = §f.

The diminished fourth, G§ to C, 1s the inversion of
this = ?r%.

The augmented sizth may be represented, for the key of
C, as extending from D? to BY. Now, as there is naually
a third note of the chord, F, we may most naturally
assume the Dp to be a major third below this, which
makes the whole interval a major third plus a tritone,
e, §x$f = 34E  Or, taking the usual resolution of this
Interval on to the two (s, we may consider that the B
Las to rise and the Db to fall each a diatonic semitone;
80 that we get the whole interval as an cetave minus
two diatonic semitones, t.e, § + 3§ + }, = 33%, a3 before.

The diminished third, BE to Db, is t.he mversion of
this, = £38.

The diminished seventh is also an awkward interval to
calculate. In the scale of A minor, it is represented by
G§ to F, and the G§ is obviously the major third above
E, or a minor third below B. So that the whole interval
will be & minor third, G§ to B, plus a diminished fifth,
Bto K, ie, 3 x 4=

The augmented second, F to Gf, is the inversion of this,
or 7§, or we may calculate it independently as & major
third, E to G-#, less a diatonic semitone, E to F, se,
¥ - 3% =%, as before.

The above results are stated, together with their loga-
rithmie equivaleuts, in the Table of Intervals, pages 77
and 78.

Values of Intervals in Foual Temperament,

The following table will be interesting, as showing a
roughly approximate compariscn between the true values
of the intervals and those given by the equal-temperament
tuning, as on the pianoforte. Some more accurate data
will be found on page 150.
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Corresponding Intervals in
True Intervals, Equal Temperamens.

g
g
g

Ratio,| Log.

Chromatic Semitone 18 s 1 Semitone *h 25

Diatonic Semitone . |

Augmented Fitth
Minor Sixth . . |,
Major Sixth . . |,
Diminished Seventh
Augmented Sixth .
Minor Seventh .
Major Seventh

Diminighed Octave,
Purfect Octave ,

8 Semitones .id'- 201

¢ Semitones %"’ 226

4%
Minor Tone . ., . P 46
Major Tore . . .| § | 5t |p2 Semitones 8| 5o
Diminished Third . &g—g 56
Augmented 8econd. | I8 | 69 3 Semitones inq, 75
Minor Third . . .| § 79
. . ﬁ
Major Third . 4 97 4 Semitones %‘& 100
Diminished Fourth. | 32 | 107
Perfect Fourth % | 125 | 5Semitones | 2%} pag
Augmented Fourih. | §§
Diminished Fifth 44 | 153
Perfect Fifth . . % 176 7 Sewnitones %"’ 176
3
§

=t
©AD
xkn
Lo )
&

10 Semitones | &1 | 241

11 Semitones %l} 276

%
%
}
148 }6 Semitones | §% | 151
|
}
}
E

o i oG o)
L)
e
L™ )

301 12 Semitones | § 3a1

The Minor Diatonic Seale,
In speaking of the diatonic scale in the last two chapters,
it has been assumed to be the modern major seale; this
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being the simplest one in eonstruetion, and the one most
in use,

There is, theoretically, but little to say about the other
modern variety, the minor scale; for the reason that the
intervale of which it is made up are generally the same
a3 those of the major scale, and are determined by the
same theoretical principles, The difference is in the
tonality.

It has been seen that after the idea of a fonis, or the
existence of one peculiarly important note, became fully
established and acted on as a fundamental element in
musie, the majority of the old modes were gradually aban-
doned. There was, however, a lingering wish to get some
variety, if possible, and hence, in addition to the Iydian
which is our modern major mods, the Hypo-Dorien was
also retained, forming our modern minor mode.

The latter has the recommendation of corresponding
with the two most important modes of the Church, the
first and third, in regard to ihe nature of the note form-
ing the third alove the tonic. In the Church modes
this interval was a minor third; and the partislity for
this appears to have so far established itself in serious
musie, that the Hypo-Dorian mode was not only accept-
able, but was for a long time in great favour for Church
compositions, as is evidenced by the very large use of the
minor mode by early composers,

But the Hypo-Dorian mode involved some difficulty in
the adaptation of harmony. The cther one, the major,
lent itself freely and easily to the harmonic eombinations
desired. Thus, in using what is called the © perfect
cadence,” customary at the close of a piece, where (in
sccordance with an acoustical principle hereafter to be
explained) the final tonic harmony was preceded by that
of the dominant, the major mode gave the cadence thus—

-
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In applyiug this to the minor mode, the cadence would

be thus—

But it appears to have been considered neceasary, in
modern tonality, that, for the purpose of defining the key
in which a piece of music is written, the first chord of the
perfect cadence should have a major third, and hence it is

customary to alter the G to G§ t,hus—{ @

In accordance with this, the minor ascending scale be-
comes

—
® — "‘—rz*:*G:H;H
= v
But here there is ancther thing ohjected to, namely, the
wide interval of an augmented sscond between the sixth
and seventh notes, F and G¥, which is said to be abrupt and
unnatural, and this has led to the substitution of F§ thus—

This is the most usual form of the ascending minor
scale, and it will be seen thet it ia made to correspond
with the major one in all ita notes except the characteristic
third, It will be remarked, however, that the secale here
loses the diatonic form, as four whole tones come tegether,
n arrangement unknown in auy true diatonic scale

In the descending scale the normal form of the old

Greek mode ia retained,
The change of the sixth note ia not universal, for very
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frequently the form i used both for aseending and
descending, in spite of the sugmented second—

i j—

Now, it is curious that the upper part of this form of
the scale corresponds with the chromatic genus of the
ancient Greeks, in which the division of the tetrachord
comprised two intervals of a semitone each, with one in-
terval of a tone and & half (see page gg). Here again,
therefore, the scale losaes its diatonie character,

1t is evident that the alferations above described destroy
the individuality of the arrangement as it stood originally;
and hence the minor mode, as used in modern musie, can
hardly be considered as an independent form,

The Minor-Major Mode,

There seems to be, however, some peculiar fascination
about the Greek chromatic genus, as many meodera com-
posers have evinced a desire to apply it to major as well
as to minor music; as, for example, in a final plagal
cadence, thus—

2 |
=EEer=
|i B F—}:;—' -t_% e
RN i {
Hauptmann (followed by Helmloltz) seems disposed to
admit this as a third mode, with the Scale thug—

which he calls the moli-dur Tonart, or minor-major mode.
It appears that this (according to Gavaert, page 293), is
common in the chants of the Greek Church and in other
Eastern nations. It is, of course, like the modern variable
minor, no distinet mode in the original diatonic sense,
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CHAPTER XIIL
TIME, RHYTHM, FORM.

Tuene is a feature belonging to music which has not yet
been described-~that is, 15 measured movement, which we
are in the habit of calling musical fime or rhythm.

This is now generally looked upon as an essential fea-
ture of all modern compositions. There are, it is true,
some few cases of music in which it is relaxed, as in
church chants and in operatic recitatives; but these are
exceptional, and it is matter of everyday knowledge that
the division of music into equal portioms, which are
intended to be performed at a uniform rate of speed, is
almost universal.

The introduction of the element of time into musie, in
some sort of way, is very old—possibly almost as old as
music itself. It is evident that in all sustained sounds,
such as those with the voice, there must be some duration,
and the time of the duration of each sound must have had
attention; for when several people sang together, thia
attention to time must have been an absolute necessity,

Then when music and poetry went together, the metrical
division which we know existed in the latter must have
been infused to some extent into the former. And when
another amusement, dancing, was combined with muasic
{as we know to have been the case in the earliest times),
rhythmical features in the music must have been inevit-
able,
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But from theze embryo ideas to our present perfect and
elaborate system of musical rhythm is & very wide inter-
val; and we find when we come to examine the records of
ancient music, that although the idea of tims is certainly
present, the application of it is very rude,

The Greeks had a most elaborate system of metre and
rhythm, but it belonged chiefly to their poetry. The prin-
cipal way in which they applied the idea of time to musia
wad by making the duration of the sounds of unequel
lengths, corresponding to the measures in their poetry, so
that, in the singing, the long syllables should be sung to
long notes, and the short syllables to shorter notes. This
was nataral; but there is evidence that the idea was car-
ried farther, as signs for unequal length of notes existed in
music unaccompanied by poetry, coming a little nearer to
our modern independent time.

Whether, or to what extent, meesure existed in the
music of the early Christian Chrrch is a matter of doubt,
The silence of Guido d’Arezzo and others of his time (the
eleventh century) about it has led to the general impres.
sion that the Gregorian music had originally no signs to
distingnish time; but Fétis, in his “ History of Music,”
has succeeded in showing the existence of measurable
gigns in Church music of the beginning of the seventh
century, a8 established by St. Isidore at Seville,

When the writing of music first fook the form which
was the germ of the present notation, namely, about the
teuth or eleventh century, the notes were given different
shapes to signify different lengths of time during which
they should be held.

There were three—

ALong . e

|

A PBreve . . .

A Semibreve . .
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These represented a sort of propertionate duration,
the one to the other; the breve being intended to be
held about half the time of the long, and the semibreve
about half the time of the breve, as ite name implied.
This, however, was not the same thing a8 our present
notion of musical time, inasmuch aa there was no ides of
any regular uniform measure Tunning through the whole
piece, The first idea of this appears to have sprung up
soon after the notation was established ; and, no doubt, it
wag the facility which this gave to the measurement that
led to its invention, The first efforts were very imper-
fect, but in proportion as eounterpoini became adopted, .e,
as the various parts or voices took independent melodies,
the plan came into use of setting notes of different values
against each other,—two semibreves to cne breve, two
breves to ove long, and 50 on,—and then, in order fo per-
form these properly, the regular measure became a neces-
sity, and so it has gradually improved till it has reached
its present perfect state,

The most prominent application of the principle is the
well-known division of the music into bars or measure
These are clearly analogous to the measures in poetry; and

like them they are of several varieties, according to their
modes of sub-division.

Thus, for example, we bave the following kinds :—
Divisians,  in vaoh Matn Divistoa. Blgne.

2 L] L) . 2 - , - E ﬁ— *

Unlnmz:l time, 4. * . 2. ’ - & i

2 * - a 3 - L] - % %

Ta::.ary [ 3 . » . 2, . . -g- i— 'a

Tripletime. { 3 ., ., , 3 , , . % 8

These modifications give great variety in the style of



TIME, REYTHM, FORM. 163

musie, which is much further enhanced by modifications of
the rate at which the measures are taken,

‘We have all sorts of gradations in this respect, which
are expressed by the familiar Italian words :—Grave, Zento,
Largo, Adagio, Andante, Allegro, Allegreits, Vivace, Presto,
Prestigsimo, and so on. It is true, as all Italian scholars
know, that most of these terms have a wider signification
than & mere representation of speed—they refer mare to
the style of movement, as for example—

Largo, . . properly signifies roomy.

Adagin, . » B easily.

Anduanis . » ”n “ going,” flowingly.
Allegro, . ” »  Joufelly.

Still, however, they give an idea of velocity which is
usually understood by the performer.

To render more certain the intention of the composer
in regard to speed, it is very customary now to give what
is called the indication by metronome,—i.c., the actual num-
ber of crotchets or minims or quavers per minute, which
is measured by a little oscillating pendulum machine,
invented for the purpose by & German named Maelzel,

There is another featurs, borrowed from poetry, in the
constitution of these measures, namely, aceent It is
customary, as a normal practice, to emphasise the first
note of each measure, po a& to bring out clearly the effect
of the mensural division; and this is also extended in
some degree to the sub-divisions, particularly if the
Imeasures contain many notes, and are taken slowly.

In modern music, however, the principle of rhythmical
division is carried farther than the simple bars: these
form the first measuring elements of the composition; but
there are larger divisions into what may be called phrases,
sentences, or periods, usually of two, four, or eight bars
each.

The most marked examples of rhythmical division are
found in marches and dance music. In some kinds of
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dances this is absolutely necessary to make the music fit
the figures. But in waltzes and marches this is not ao;
there being no figures, and yet the rhythmical divisien
seems absolutely necessary to please the ear, for waltzes
or marches without rhythm would be considered unen-
durable.

In hymn tunes and in simple songs the rhythm of the
tune is made to fit the prosodial construction of the words,
In some kinds of learned and complicated music, such
as fugues and canons, the rhythm is often obscure, and
sometimes almost wanting; but these cases are excep-
tional, and are allowed on the principle that the atten-
tion of the mind is sufficiently occupied and satisfied by
other features. But we may take it as a general principle
that modern music is expected to be rhythmical ; the mind
feels a desire for the divisions, and undoubtedly they form
a great element in the satisfaction gained.

Then it is worthy of remark that the sense of pleasure
from the measured and rhythmical element in music is
stimulated and heightened by occasional departures from
it. This involves no paradox, for it is a well-known
principle in the laws of human nature that occasional
interruptions in a habit or uniform senasation only serve to
mark ita existence more strongly ; and we shall find when
we come to consider ths subject of harmony, a very strik-
ing epplication of this principle in the use of discords,

The interruptions hers are of several kinds, In the
first place, there is the alteration of wniform motion,
by temporarily quickening or retarding the rate of per-
formance; alterations which are expressed by the well-
known Italian words accellerande or rallentands. Or the
motion may for & short time be atopped altogether, as in
the case of what is called & puuse,

Then the interruptions are very frequent in regard to
accent, Inatead of the first note of the bar, some other
note may be acoented, and this may go on for several bars
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together in what is termed syncopation. And there may
be great varisties of abnormal emphasis placed on parti-
cular portions of the music, iu & manner analogous to
emphasis in speaking,

In this reapect music goes far beyond ita rhythmical
prototype poetry, for the departures from normal acoent
in poetry are infrequent, whereas in music they very often
ocenr, Indeed the varieties of accent and emphasias con-
stitute often the greatest charms in compositions of genius,

There is one curious arrangement of abnormal time which
has been used much of late, namely, the contrast of binary
and ternary division going on at the same time; thug—

! r Al r T

This is not unknown in old composers, but it has been
carried much farther by the moderns. Mendelssohn, Schu-
mann, and Brahms have used it largely. One of Mendel-
ssohn’s Lieder ohne Worte, and a song from his Oratorio
of “ St. Paul” (from which the example is taken), are con-
structed so throughout, The effect is very good when
the thing is properly done; but, unfortunately, it is very
seldom properly done. It is difficult to do, and inferior
performers will not take the trouble fo learn how to do
it; and hence it is most commonly smudged over by
altering the binary into ternary rhythm, thus—

which, of course, destroys altogether the intention of the
€O poser.
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There is a still wider application of the element of
regularity in what is called musical form. The habit has
grown up of not only dividing music off into rhythmical
periods, but of adopting certain more general features of
systematic arrangement, in order to bring the ideas into
a shape more easily appreciable by the mind,

One may fancy & musical composition which, though it
may be divided into meesures and groups of measures,
consists of a constant succeseion of heierogeneous ideas,
none of which have any relation to any others going before
or after them. This may be called amorphous musie, ..,
music without form ; and even though the ideas progented
might be very good, it would be tiresome and wearying to
listen to. The constant effort of the mind to take in and
.appreciate the incessant novelty would be so great as to
destroy the pleasure.

All great composers have perceived this, and they have,
therefore, taken care to lighten the effort by causing a
composition to contain but few novel ideas, and giving
the chief interest by their skilful and musician-like treat-
ment, For example, in the old form of composition called
Jugue, the chief ideas were only one or two subjects of a
fow bars each, which were repeated over and over again,
with novel and ekilful combinations and modifications,
which the mind could follow with pleasure, and without
undue exertion, Although this form is much neglected,
fortunately it is not obsolete, for a good fugue, by a clever
modern composer, is as much appreciated now as ever.
Mozart had the genius to write fugues which combined the
ancient form with the modern style of musie, of which the
last movement of his “.Jupiter” Symmphony, and his overture
to Die Zauberjlote, are remarkable and wonderful examples.

In more modern forms of composition, such as sonatas,
symphonies, and so on, regularity of structure is carried
out on the aame principle, namely, by presenting few and
strongly-marked novel ideas, and making the interest
consist chiefly in their development and treatment; but
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the principle is epplied in a different manner. To illus.
trate this, however, would lead us too far into the details
of music. Suffice it to say, that the study of form in
music means the study of how this has been dons by
the best writers, and how students should try to imitate
them,

There is & constant temptation with modern aspiring
compoaers to throw off these trammels of form, and
(especially if they are gifted with productive powers) to fill
compositions with continnous successions of novel ideas,
assuming that such a proceeding shows greater originality.
But they forget that the regularity of structure has arisen,
in the great writers, not from any paucity of ideas, but
from a definite feeling of artietic necessity, Mugic is
(so far as the public are concerned) not a duty of life,
which has to be laboured at, but an enjoyment; and to be
properly enjoyed it must be made easy of comprehension
and apprehension—and this, amorphous music of com-
plicated structure cannot be.

But having said sc much in explanation of what these
elements of time, thythm, and form are, we must revert
to the principal object of our prasent investigetion, which
leads us to ingquire what are the principles that have
determined their use in music. It is cleer they have
nothing to do with acoustica; nor is it easy to con-
ceive any physical principles that can enter into the
explapation in any way; except so far, indirectly, as the
physical phenomena of nature may, perhaps, influence
the partiality of the mind for regularity of motion and
gymmetry of structure,

We must turn, therefore, to the other alternative, and
we have no diffieulty in perceiving that the principles
which determine the introduction into music of syste-
matic metrical division, and regularity of form, are purely
esthetical. Our minde and feelings are so comstituted
that, either by pature or by eduestion, or by a combinme
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tion of both, we take a certain pleasure in regularity of
movement, and in the recurrence of systematic periods,
in anything that is in motion. The feeling is independent
of music; the eye takes pleasure in symmetrical forms
and in symmetrical diviaions, and the ear will appreciate
rhythm perfectly well even though unaccompanied with
musical sounds. The measured rappel of a drum is un-
musical rhythm, and it was the rhythm of the hammers
that sugoeated to Handel hia air of the *Harmonious
Blacksmith,” The reasons given in chap. v. for the ar-
rangement of musical sounds in stepa or degrees are also
perfectly applicable to regularity of division in time
The motion must be of such a character as to bs measur-
able by immediate perception, and the uniform agceanted
division by bars furnishes the measuring-red by which the
motion is estimated and appreciated by the mind,

Now it is easy to see that s some sort of rough
measurement was at early times introduced into music,
the writers, becoming gradually more appreciative of its
capabilities, found that it wae possible to carry the ele-
ment of chronic regularity farther, and so to adorn the
art with a powerful additional charm. In this way the
features of time, rhythm, and form have, by constant im-
provements, attained their present elaborate musical de-
velopment. .And, what is more, they have, by experience
and custom, become so firmly engrafted on the structure
of modern musical composition, that we have come to
oonsider them an essential part of its very existence.!

1 3er Appendix, Note B, p. 308.
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CHAPTER X1V,

MELODY,

Wi have now considered the more elementary arrange-
ments of musical sounds: we have found that they are not
taken at hazard, but that selections of them are used,
arranged in definite respective positions, and called scales ;
we have learnt how these scales originated, what principles
they depend on, and the different varieties of them that
are utilizsable for musical purposes.

We have further found the existence of an element
called tonality, whick influences in & large degree the use
of these scales, and we have also noticed another featurs,
4.¢., measure or time, which is considered essential to the
formation of modern music.

These date enable us now to go farther, and inguire on
what principles the materials, so prepared, are built up to
form the STRUCTURE OF MUSIC, according to the elaborate
shape this structure has assumed in modern days,

It has already been said that music is made up of two
things, melody and harmony; essentially distinet, but
capable of effective combinations,

First, then, as to melody, which is a succession of single
sounds ; any tune or air, performed by one voice or mole
instrument only, being celled a melody.

‘We are 8o accustomed, in modern days, to hear and to
think of melody as accompanied with harmony, that we
hardly separate the two. But really, as Helmholtz re-
marks, melody is the essential basia of muaic; and finely-
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developed music, in the shape of simple melody, existed
for thousands of years, and still existe, in many civilised
nations, without any harmony at all.

The melodies of any people must, of conrse, consist of
notes taken from the peculiar scale they use. Attempts
have often been made to write down the melodies of nations
whose scales differ from our own, but these have seldom
been satisfactory, from the difficulty of defining the sounds
required, and from the abortive atbempt to represent them
by sounds of the European gamut, with which they do not
coincide.

The earliest melodies we have any account of which do
correspond with our scale are those of the Greeks, who,
as has been already explained, used a distonic scale essen-
tially identical with that of modern music; and, fortunately,
there are some examples obtainable of Greek melodies,
though very few, Some manuscripts have beeu discovered
where certain ghort poems or hymns have been marked,
over the words, with signs for the musical notes to which
these words were sung. There is a little uncertainty
abont the interpretation of some of these signs, and dif-
ferent commentators have, in consequence, given slight
variations of some of the notes ; but, on the whole, we are
warranted in believing that we can reproduce the melodies
with fair accuracy.

The best known is a hymn to Calliope, which, as quoted
by Fétis! is given below. The musical notation (which,
of course, is modern) represents accurately the gradations
of pitch of the notes, as indicated by the Greek signs ; and
the varying forms of the notes give an idea of the unequal
duration of the sounds, some long and some short, which
also formed part of the Greek system. The melody,
although taken from a scale similar to ours, sounds crude
and vague to our ears, as there is nothing corresponding to
our idea of tonal relation, or to our measure or thythm.

1 Histoire de Musique, vol, iii. pp. 215 to 900,
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HYMN TO OALLIOPE.—Dats, Stcond Century, a2
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In later r.unes better specimens have been discovered
eut in marble, the most valuable of which were found at
Delphi, in 1893, by the French Archaological School
established at Athens. From these have been gathered a
* Hymn to Apollo ” of considerable length, dating probably
from the early part of the third century, B.c. The music,
converted into modern notation, has been published, with
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other modern embellishments, and has been “ performed”
at Athens, in Paris, and in London, These late dis-
coveries add materially to the scanty knowledge slready
existing, but they have excited animated renewals of the
old controversies as to the Greek modes. Further infor-
mation will be found in Mr. Munro's work, as also in the
Musical Times and the Musioal News of May and June,
and in the Saturday Rewizw of 26th May 1894

Coming down some thousand years later, we find melo-
dies in the music used in the Christian Church, and,
fortunately for historical purposes, this musie, owing to
the more precise notation, has been better preserved.

‘We must not form our ideas of the early Church music
from what is done under the name of Gregorian music in
the churches of the present day. TFor, assuming $hat
the succession of notes forming the melodies are pre-
served correct, they are given altogether m different and
fictitious character by the addition of harmonies in the
modern tonality. This anachronous transformation of
the old things, must, to the earnest student of history,
seem incongruous and of very doubtful taste; but if
other people like it, and particularly if it pleases any
one by ecclesiastical associations, there is nothing to be
said. The only thing is to guard carefully against the
impression that what iz called Gregorian Church music
now, conveys any true idea of what Gregorian Church
music was like at its proper date.

M. Gevaert gives many examples of old Church melodies
in the varicus Greek modes ; the following is one in the
Dorian :—
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This sounds less crude to us than the Greek composi-
tion. It iz more singable; the intervals are less wild, and
it appears to have some tendency towards tonality, al-
though there is no decided key. There are alsc long and
short notes, but there is still no measured rhythm.

It is not within the province of this work to follow the
gradual develvpment of melody into its present form,
Probably the earliest resemblances to modern melody
would be found in secular compositions, such as the
songs of the Troubadours. At any rate, when the two
elements of tonality and of measured titne and rhythm
were systematically introduced as essential parte of
musie, it became necessary that melody should conform
to them; and now-a-days & melody, in order to be ad-
mitted as such, must not only be in the proper notes of
the scale, but it must convey a definite idea of its key,
gnd it must be laid out in a definite measure, that can
be easily detected and appreciated by the mind.

It mey very pertinently be asked, how are melodies
constructed 7 Assuming the general requisites of scale,
tonality, and rhythm to be complied with, what dictates
the choice of the notes? According to whet rules must
the notes be arranged? What is the differemce in con-
struction between beautiful and ugly—between pleasing
and displeasing melodies ? What are the standards of
good and bad in their formation? These questiona have
often been asked and debated upon; but it has always
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been found very difficult to give any satisfactory answer
to them.

There have been certain rules established in regard to
the class of melodies used for vocal music of early date;
but these hed merely to do with the facility for singing.
They were to the effect that the intervals taken by skip
must be such as the voice could easily hit on; that disso-
nances must move in the easiest way, v, diatonically, and
so on—all having to do with the facility of execution, and
not with the effect on the hearer.

Helmholtz (p. 544, et seq.) treats of the scientific relations
betwesn consecutive notes in melody, but gives no expla-
nation of their msthetical character. Richter also (p. 163)
gives illustrations of the modes in which melodies may be
developed by musical skill; but tekes no account of the
invention of tunes. 8ir George Airy, in his work on
Sound, hazards an opinion that the same ratios of vibra-
tions which, when combined, conduce to pleasing harmony,
may, when existing between consecutive notes, be also
pleasing in melody. This is, no doubt, true, but the expla-
nation does not go far enocugh, irasmuch as there are
abundance of pleasing melodies which no such explanation
will account for. In fact, no one has made any suceassful
attempt to analyse whot are the particular features that
coustitute pleasing melody, or to explain why we like
some melodies in preference to others; why some are
popular and attractive, while others are passed over with
indifference,

It would appear that the problem which has puzzled zo0
many thinkers ia of the same nature as many other obscure
points of msthetical philosophy. It is difficult in many
branchea of art to define what are the exact features of
composition which cause the pleasure we receive; we
estimate the power of pleasing by some amsthetic power of
appreciation, and we must be content, at present, to leave
the explanation open. The guestion forma & branch of the
greater problem mentioned on pages 1§ and 16, namely,
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the aesthetic analysis of musical works with reference to
their effect on the mind; and there is no branch more
subtle than the appreciation of melody.

At any rate, for our present object, we may be pretty
certain that the structure of melody does not follow any
rules which can be referred to a physical origin; it is
entirely determined by the will of the composer, who, only
provided that he conform to the established elementary
arrangements of his material, may give his fancy, taste,
and imagination liberty to soar unfettered, as high and as
freely ss the wings of his genius will earry him.
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CHAPTER XV,
HARMONY.,

A —History.

WE mmst now take in hand the other branch of mmsical
composition, namely, Harmony. This is, as has already
been said, the effect produced when two or more sounds
differing in pitch are heard simultancously ; in contradis-
tinction to melody, where they are heard successirely, The
distinction may be shown by such passages as these—

which constitute melody. But when the same notes are
put into these forms—

they constitute Aarmony.

Hauptmaon has drawn an elegant and philosophical
distinction between melody and harmony. Hesays melody
conveys essentially the idea of motion; harmony is con-
sistent with the idea of rest. Melody must go on, or it ia
not melody. Im harmony the musical idea is complete,
even though it stand still. A ehord of sustained notes
gives o perfect and complets idea to the mind, It is true,
we have progressivas in harmony (and very important they
are), but they are in reality successions of separate ideas,
euch more or less complete in itself; whereas in melody
the succession only forms one ides as a whole,

In modern music harmony plays a very important part,
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on sccount of the great variety and elahoration it ia capable
of, and the attention always paid to it by the best com-
posers. It has, moreover, formed the subject of innumer-
able theoretical studies and treatises; indeed, so far as the
theory of music is cultivated in the ordinary course of
education, it is directed much more to harmony than to
any other branch of the art. It is elear, therefors, that in
investigating the principles of music we must naturally
give much attention to harmony.

Before, however, we go into this, it will be instructive
to inquire a little into the Aistery of harmony, in order to
form an idea how it has grown up into its present state,

It seems to us, in the present day, a very simple thing,
having given a musical seals, to sound several notes of it
simultaneously. But, simple as this idea seems now, it
has only been carried out in comparatively modern times,
All the most ancient music we know is simply melodial,
and wherever any clear descriptions of systems of musie
differing from our own have been obtained, the melodial
succession of sounds appears to have been the only form of
music considerad practicable,

We have traced our system back to the Greeks,
and, of course, it is a natural inquiry whether they, hav-
ing a scale like ours, were ever in the habit of using
its sounds stmultaneously in the manner which we now
understand by the term harmony. Unluckily, however,
this question iz one of the most obscure and most con-
troverted connected with their musical system, We havs
positive and tolerably clear information about the melody
of the Greeks; but in regard to harmony the case is quite
different, for not only ia there no specimen of such a thing
on record, but there is no passage to be found in any
Greek author pointing, in & positive and unequivocal way,
to the use of simultaneous sounds. The disputes have 2l
turned on passages of doubtful signification, which have
been interpreted by different critics in different ways.
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The word Apuovla is in freguent use among Greek
writers on music, but although it has become incorporated
into modern language as having reference to simultaneous
sounds, this was not its original meaning. In chap.ix. it has
been quoted as relating to the succession of sounds within
the octave; but it had at other times a much more general
significance,and Mr, Chappell thinks it waa nearly synony-
mous with our word * music,” the Greek word Movoiny)
comprising still more, and including poetry. It is not,
therefore, in regard to the word harmenie that the queation
has erisen; the disputes have turned on the exact mean-
ing that ought to be attached to another word, Svudovia,
which was also often used, and which, from its etymology,
would certainly seem to convey the idea of simultaneous
inusical performance in some way or other.

Fétis, in & long dissertation laid before the Academy of
Sciences of Brussels some years ago (and the substance
of which is repeated in the third volume of his Histoire
Giénérale de Musigue), argues out ably and elaborately the
whols question, and arrives at the following conclusion :—

As regards the Greeka in their best days, before the loss
of their independence, it is certain that they made use of
simultaneous singing in two ways, namely, in unison
(homophony), and in octaves (anliphony); that symphony
meant gimply & continnous chant sung in octaves, or by
the union of the voices of men with those of women or
children, and that this word never had any more extended
signification ; moreover, that the instruments, when used
with the voices, did nothing beyond accompanying them
in the unison or the octave, which is not harmony in our
sense of the word.

Thin opinion, however, has been dissented from by other
authorities, among whom is M. Westphal He agrees
(and this, indeed, appears to be pretty generally admitted)
that the purely vocal music was probably confined te
unisons and octavea; but he believes that other combina-
tions were introduced in instrumental sccompaniments,
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which at any rate would give the harmony a subordinate
character.

Whatever the practice may have been, we may be
certain that the Greeks were not wanting in knowledge
of harmonic relations, 'We have already seen that they
acknowledged the octave, fifth, and fourth as consonances;
and the expression applied to them, xpdats, © a mixing of
two things so that they are blended and form & compound,”
shows that the effect of their combinations must have
been perfectly familiar. We know also that, in the later
times, the Greeks became aware of the harmonious nature
of the true major third ; and bence it is clear that they had,
at, least, all the knowledge necessary for the production of
the major triad, the chief element of harmony. But we
know further how thoroughly they studied the relations
generally of their notes to each other; and from all these
facts, it is scarcely possible to doubt that they were well
aware of the effects that would be produced by simul-
taneous sounds, Helmholtz, however, suggests, and pro-
bably with resson, that although they knew of these
harmonic combinations they did not like them, and, con-
sequently, did not practise them, or allow them to form
part of their musical system, And undonbtedly the broad
fact, that among all their voluminous and detailed writings
on mugic there iz no positive and unequivocal mention of
the subject, gives powerful support to this view.

After the Greeks had become subject to the Romaus
some evidences appeared, pointing in a more positive way
to the use of simultaneous sounds. One of these is found
just before the Christian era, in an ode of Horace, # Ad
M=cenatem ” (lib. v, carmen ix.):—

Quando repostum Ceacubum ad festas dapes,
Victore lmtun

Tecum sub sita (sic Jori gratum) domo,
Beate Mewcenaa, bibam,

Bonaute mistum tibiis carmen lyra,
Hac Dorium, illis Barbarum §
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This passage, which has also been the subject of much
controversy, declares that st a certain expected featal
entertainment a song would be performed in which the
lyre, playing in the Dorian mode, would be accompanied
by flutes playing in some other mode known as the Bar-
barian.

The dispute turne on what this barbarian mode was, and
among other hypothesea the suggestion has been offered
that it was one either & fifth or a fourth above the Dorian,
So that, supposing & certain melody to be played by the lyre,
an accompaniment of flutes would be added, consisting of
the same melody taken either a fourth or a fifth higher.

Now, if this stood alone, we might conceive the expla-
nation somewhat fanciful. But, singularly enough, it is
confirmed by other evidence of about the same date, and it
fits in very consistently with facts more positively known
in the subsequent history,

A writer named Censorius, who lived at Rome about
the middle of the third century, mentions the term
“ gymphony,” and gives a definition of it which, beyond
doubt, includes the sort of harmony above referred to.
He says: “In music there are only certain intervals
which can produce symphony, which ia a smultane-
ous combinafion of two different sounds. The first or
simple eymphonies are threes in number, one baving an
interval of two tones and a semitons, and called diafesseron
(fourth); another of three tones and & semitone, called
diapente (or fifth) ; and the third, dizpasén (octave), which
contains the two former.”!

‘We are next able to trace the same sort of thing down
into nearer conpexion with our own time, namely, into
the music of the Church in the Middle Ages.

Inidore, Bishop of Seville, a contemporary and friend of
Gregory, about A.D. 600, speaks of combinations of simul-
taneous sounds, and enumerates the ocfave, the fifth, and the

¥ Orig. in Fétis, vol. iil. p. 585.
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fourth, together with their replicates in higher octaves, as
consonan$ intervals which may be thus employed,

A chronicle of the beginning of the ninth century states
that, under Charlemagne, French singers were taught by
Roman ones to accompany s chief melody with & sub-
ordinate one, which was termed organising, and & little
later we get & positive description of what this meant.

In the tenth century lived a Flemish monk named
Hucbald, who showed that a melody could be accorpanied
in several ways, which were called Diaphony or Organis-
ing. The accompaniment could be formed by taking the
same melody either—

in octaves above or below,
or in fifths above,
or in fourtha above,
or in fifths above and fourths below,
or in fourths above and fifths below.,

Here, therefore, is accumulative proof that during the
first thousand years, or thereabouts, of our era, there was
practised not only singing in unisons and octaves (which
had existed long before), but also & kind of rude harmony,
consisting of a duplication of the chief melody in perfect
fifths and fourths above or helow.

The following simple examples will illustrate the nature
of these arrangaments; the large notes represent a given
chief melody; the small notes the accompaniments added.

The Greeks and other ancient nations sccompanied
thus, in octaves—

==
B

The later modes of organising, or diaphony, according
to Hucbald, would be thus—
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It need hardly be said that thia kind of harmeny would
not be liked now, and much has been written about the
so-called barbarity of these combinations. Dut we must
recollect how very difficult it is for us, educated as we
are, to put ourselves in the place of the people of that
time, and to judge with the limited means of judging
open to them, Helmholtz very pertinently saya (p. 361):
-“The feeling for historical artistic conception has cer-
tainly made little progress as yet among our musicians,
even emong those who are at the same time musical
historians. They judge old music by the rules of modern
harmony, and are inclined to consider every deviation from
it as mere unskilfulness in the old composer, or even as
burbarous want of taste.”

Tet us cousider what, in the infancy of harmony, it
would be natural to do.

The accompeaniment of a melody in its actave had been
practised from time immemorial. And when it oceurred
to people to accompany in any other interval, what so
reazonable as to use the other concords standing mext in
order of perfection? The fifth and the fourth had been
known and defined as concords ever since the time of
Pythagoras; and why should not the attempt have been
made to use these intervals for harmony ?

There is nothing physically repugnant in successions of
fitths. 1f a melody is either sung or played on any instru-
ment with a brilliant tone, the octave and twelith are very
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prominent in the accompanying harmonics or overtones,
and it follows that an accompaniment of consecutive
fifths is an order of nature, and cannot, therefore, be con-
demned by natural laws. Consecutive fourths are still less
unlawful ; they are admitted in modern music without
seraple,

Hence the objection urged to this medisval disphony,
namely, that it sounds offensive to modern educated mu-
sicians, proves nothing as to its effect on persons to whom
the present ideas were entirely uuknown. And we may
infer that it was not considered disagreeable, frpm the fact
that the writers of the time described it as suavem con-
eentum, or honestissima suavilasl

We have traced the existence of this rude pari-music
back for a long peried; but we have no information as to
when or how the idea of simultaneous harmony first came
into being. If the Greeks, with all their elaborate musienl
system and highly-cultivated artistic taste, did not kuow
it, or, at any rate, did not think fit to use it, we may be
oretty certain that their successors, the more effaminate
Romans (who in musical matters merely copied them), did
not add it, and it must have come from some extraneous
Bource,

Tétis offers a plausible conjecture that the invention of
liarmony came from the tribes of Central and Northern
Europe; was, in fact, of Teutonic origin. Itis very probable,
nay, well-nigh certair, that harmony was used and culti-
vated by the nations of the North at a very remote period,
perhaps a6 early as the commencement of the Christian era,
although no attempts were made for several centuries to
engraft this secular harmony uvpon the melodies of the
church? And it certainly seems very appropriate that the
nations of Germany, who have always moat excelled, and

1 8ss Coussemaker, Histoire de Associntion,” 187596, paper by Sir
IHarmonfe an Moyen Age, Frederick Qumley, p. 13
* 8ee “ Trausactions of the Musical
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still monat excel, in this branch of music, should prove
to be the deacendants of those to whom its invention was
originally due.

Soon after the time of Hucbald harmony began to take
8 further development; indeed, he himself gave some
rules, though very imperfect, for another kind of diaphony
involving occasional contrary motions, which would allow
dissonant intervals to ba heard together. Guido d” Arezzo
in the eleventh century alluded to the two kinds of dia-
phony, and mentioned the use of the major and minor
thirds and the major second, which would appear to show &
considerable advance towards our modern ideas.

The added part accompanying the melody was at a
later period termed Deacant (Discantus), and we find that,
in the twelfth century, it had so far emancipated itselt
from the simple form of the diaphony as to have rules
mede for ita guidance as an independent part.

At this time, therefore, counterpoint may be said to
have taken its rise, involving the writing of accompanying
parta of independent structure, and not mere replicates of
the principal canto fermo, When one such independent
part had been contrived, it was naturally a step onward
to add more. Accordingly, as early as the twelfth century,
we find examples of three-part compositions ; and a little
later, namely, about the middle of the thirteenth century,
these had been brought to a considerable degree of per
fection,

But as the parts increased in number, it became neces-
sary to pay more attention to the harmonies which the
multiplicity of notes brought about, and accordingly we
find, about the same time, Franco of Cologne writing
elaborate rules on this point, and distinguishing carefully
between the different, consonant and dissonant harmonies
that might be employed.
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He was followed in the fourteenth century by another
eminent musical theorist, John de Muris, who wrote on
the same subjects, and by whom the word counterpoint
(conira punctum) was first used. A mass in four parta was
performed in 1360, at the coronation of Charles V. of
France ; and a little later we find, in some Church music
by Dufay, that counterpoint Lad so far advanced as to show
the introduction of what has ever since been one of its most
salient features, namely, Canon.

From this time & gradual advance in style went on, as
evidenced by the works of the great Belgian writer at the
end of the fifteenth century, Josquin de Prés, and of the
still greater Roman musician in the middle of the six-
teenth, PALBSTRINA.

During sll this time, although music in parts neces-
sarily involved the harmony of simultaneous sounds, yet
this harmony was not, for its own sake, the principal
thing aimed at. The object of composers was strictly
contrapuntal, €, to write independent parts, the chief
merit of which should be their individual character, and
yet which, when sung together, would be so far harmoni-
ous as to be tolerable to the ear. The parts were fre-
guently in concord, otherwise the ear could mot have
tolerated them, but they frequently also launched out into
dissonant combinations ; and it was found thet these could
be tolerated alao, provided that they were subjected fo
certain conditions as to their motion and sequence,

Hence, i.e, from the necessities of contrapuntal composi-
tion, arose the large use of dissonances in harmony, which,
even when the immediate cause of them had passed awsy,
retained their interest on account of the variety they gave
to music, and the acope they offered to the ingenuity of
COmMPOoRErs.

These dissonances were much increased in number and
importance by the more genersl introduction of chromatio
notes, in addition to the old diatonic scale, When Ad-
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rian Willaerts completed the chromatic scale of twelve
notes to the octave, advantage was taken of it by his
scholars and successors, Nicolo Vicentino, Cyprian de
Rose, and the more celebrated Orlando di Lasso, who all
produced many-part madrigals and other compositions in
which new harmonies were used, founded on the added
notes of the chromatic scale, It waa even sttempted to
go farther, and, in imitation of the Greeks, to introduce
enharmonic divisions, In one of the madrigals of Luca
Marenzio, the notes F¥ and Gb, G and Ab, D and Eb, are
prominently contrasted.

It was part of the work of the great Palestrina to check
this sort of license, and, indeed, to restrict the mse of
chromatiocs generally ao far as Church music waa concerned ;
and by his good example a salutary feeling became estab-
lished, that the simple diatonic genus was the most appro-
priate for the service of the sanctuary.

In spite, however, of all that Palestrina could do, the
spirit of progress in regard to harmonical combinations,
having been once arcused, was too powerful fo be sup-
pressed, and it found vent in the secular branch of the
art, which at that time began to be cultivated, in the
operatic form, by Monteverde and his associates, at the
instance of the Italian party of the Renaissance, They
had heard of the marvellous effects that had been produced
by the music of the Greeks, and longed to imitate them;
and their idea was, that one of the means by which they
could do this was by multiplying and inteusifying the
dissonances in harmony.

‘We do not learn that the music so conatructed rivalled
that of Orpheus, which

“ Made trees

And the mountain-taps that freeza,
Bow themselves as he did aing.”

And the examples that are on record of the Renaissance
combinations, do not convey to our ears a very favourable



HISTORY OF HARMONY. 1%

impression, But still these efforts had an influence on the
progress of harmony, and to Monteverde, in particular,
is usually ascribed the credit of the introduction of one
disaonant chord which is of the greatest importance in
modern musi¢, namely, that called the dominant scvenih.
It is (as will be shown hereafter) the peculiar property
of thia chord to define and determine the modern fonality
of & piece, <.¢, to fix in the mind the idea of ita being in
a definite key. Monteverde was not the inventor of this
chord, it had appesred clearly in earlier writers;! but
he drew more attention to it, and after his time it may
have been considered to have been adopted in music, and
with it the definite idea of modern touality, and the per-
manent adoption of the Lydian mode,

This was a great help to the study and practice of
harmony, as herceforward the chords ueed in any piece
could be linked together by laws and rules reducible to
easy compreliensiou and equally easy application,

But, in addition to this great change, other advances of
great import to harmony arose out of the efforts of the
musical composers about the Renaissance time. The more
precise definition of the key a piece was in, facilitated the
production of variety by departures from that key, either
by systematic modulation or by accidental discords, For
this the duodecimal division of the scale gave great faci-
lities. The modulation into allied keys, which had in

1 An, for exnmple, in the following Marcelli, on the words “Et homs
passage from Palestriva's Missa Pape factus est " :—

=
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reality been practised to a limited extent long before, was
syatematised and made much more easy by the use of
accidental flata and sharps; and by the less regular use of
chromatic notes many new discords were introduced, which
have been of great use and powerful effect in modern
harmony, The most important of these was the now well-
known chord of the diminished seventh, which appears, pro-
bably for the first time, in a chorus for female voices in an
opera by Monteverde, “ Il Ballo delle Ingrate,” produced at
Mantus in 1608, the passage being as follows . —

5@?‘—5 LaIEfi‘Eﬂ

The effect of this when new must have been very
startling; it was eagerly laid hold of by musicians, and
has been sinca worked to death, being the mainstay of
inexperienced composers who aspire to fine writing,

The augmented fifth, another discord of much power,
was also s consequence of the new chromatic systew:, and
is said to have been first used by Luca Marenzio in 1593.!

As the practice of harmony advanced, we naturally find
& ocorresponding advance in the mode of its theorastical
trentment by writers on music.

The first author who treated of harmony, after it had be~
come to a certain extent established in the contrapuntal
music of the fourteenth, fifteernth, and sixteenth ceuturies,
was (iuseppe Zarlino (Le Istituzioni Harmoniche, 1558),
He gave fair and inteligible rules for the use of the conso-
nances and dissonances (so far as they were then known),
and his work formed the basis of most succeeding writings
till the early part of the eighteenth century. Bononecinmi,

! Many of them historioa]l parti- Beptlmen-skkardes,” von C. F. Heits

oulars are taken from a valuable mans, Barlin, 1854
litkle brochure, ** Geschichte des
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Handel's rivel, wrote, in 1688, an improved work on the
subject; and a still better and fuller ome, “Das neu
eroffnete Orchestre,” by T. Mattheson, appeared in 1713,
the great feature of which waa bringing into strong light
the importance of the harmony which he celled the T'rigs
Harmoniea, and which we now know as the Triad or
Common Chiord.

All this time, however, although considerable attention
was paid to harmony, yet it was only treated as subsidiary
to counderpoint. All important compositions were written
in distinct and separate parts or voices, and it was only
by their combination that the effects of harmony were
obtained.

The idea of karmony independent of counterpoint, .., of
progressions of chords without any particular movement of
parts, had not then come into vogue, although it is an idea
80 familiar to us now that we ean hardly picture to our
imagination & state of music in which it did not appear,
It appears to have taken its riee about the end of the
sixteenth or the beginning of the seventeenth century;
and probably the earliest practical realisation cf it was the
atternpt of organists, in the Church service, to accompany
a melody with harmony, and thus to fill up, in the absence
of other voices, something that would imitate their contra-
puntal effect. To guide them in this, they wrote out the
melody as a bass (for in the old Church musie this was
the generzl position of the melody) and put figures over
the bass notes, to indicate the other notes they should
use for accompanying it, these figures representing the
inervals at which such accompanying notes should stand,
reckoning from the bass note upwards.

This was the origin of what we now call Thorough Luse
(Bassus Generalis, Basso Continuo). The art was so useful
that it soon became & special study, and rules, indepen-
dent of the usual contrapuntal ones, were prescribed and
published for its application.
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Thus harmony, instead of being, as formerly, & subsidiary
effoct arising out of vocal part-writing, became what it ia
now,—a most prominent independent feature of music, to
which sounterpoint, when used at all, is merely ancillary,

Dr. Hullah, in hia Lectures on Musical History, has
happily contrasted the ancient contrapuntal and the
modern harmonical musie, by describing the former aa
horizontzl, and the latter as vertical or perpendicular, In
the former the composers wrote the several parts in hori-
zontal layers, as a builder lays horizontal courses of stones;
in the latter, they piled up notes one on the top of the
other, a8 in building a series of columns.

It is impossible to give better illustrations of this dis-
tinetion than from the works of Handel. This great man,
the giant of choral music, lived just at the time when
harmony hed assurmed en independent existence, but
before the importance of counterpoint had passed away:
his wonderful genius consequently seized both styles, and
made the very utmost of each. And one hardly knows
whether to admire most his sublime masses of harmony,
ot his wonderfully varied, skilful, and melodious contra-
puntal compositions.

The first theoretical writer who, adopting the principle
of ifdependent harmony, reduced it to a connected and
logical system, was Jean Philippe Rameau, 2 Frenchman,
who waa not only a clever musician and eomposer, but an
sccomplished scholar, a practised writer, and a learped man
of science. In 1722 he published his celebrated * Traitd
de I'Harmonie reduite &4 ses Principes Naturels” It
was afterwards republished by the eminent philosopher
D'Alembert, and it has formed the basia of all theoretical
treatment since that date, We shall have to speak more
of this syatem hersafter.

Another point to be noticed in the progress of harmony
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during the last three centuries, has been the change in the
views regarding discords, Digsonant notes often resulted
from the necessary movements of the various contrapuntal
parts, but they were only tolerated as melodial progres-
sions, and considered exceptional. But when harmony
began to agsume independence, these dissonant combine-
tions, or discords, as they were termed, assumed a more
legitimate form, and were introduced as subatantive
chords, giving therely great force and energy fo the
composition, although (as we shall ses when we come to
spesk more particularly of them) aome of the rules and
restrictions as to their application were still, to a certain
extent, recognised and retained.

These discords being once admitted have been con-
stantly in a state of development and increass, new
combinatione being frequently added of a nature which,
in older time, would have been considered harsh and inad-
missible; and so harmony has advanced to the complex
state in which we koow it now.
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CHAPTER XVI.
HARMONY CONTINUED,
B—Theoretical Rules and Systems,

Ix passing on to consider the structure of modern har.
mony, it is necessary to bear in mind that our object here
is limited. It would be foreign to this object to go, at
any length, into the practical details of barmony: the
problem before us is entirely theoretical, namely, to try to
discover how far modern harmony is founded on natural,
physical, or physiological phenomens, or bow far it is due
to those principles we have defined es seesthetical or artistic,

And in this we do not get much help from any of the
ordinary treatises on the subject. These are not wanting
in number, for their name is legion; nor in variety,
for the views expressed in them are often wide as
the poles asunder; nor in ability, for their authors are
often men of great musical eminence; nor in practical
value, for their usefulness has been beyond all ques-
tion in promoting the knowledge of the musical art.
But, for all this, they do little towarda solving the ques-
tion here proposed ; indeed, they often throw difficulties
in the way of ite solution.

In speaking of treatises and instruction books on har-
mony, we must carefully distinguish between two very
different kinds of matter they may and usually do contain,
namely, practical and theoretical,

Practscal instruction in harmony has an object perfectly
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definite and intelligible. Tts aim is to teach musical com-
position; e, to enable pupils or atudents to write music
in accordance with what is called the grammar of the art.
With this view, teachers who devote themselves to such
instruction lay down certain rules, as to what should or
should not be done; and, generally speaking, these rules
are formed by the study and observation of the practice of
the beat composers. The object is to direct the attention
of the students to these examples, and to induece them
to write in similar forme; which is clearly and undeni-
ably the best thing for them to do.

Such practical instruction teaches the grammar of music
on precisely the same principle as that which teaches the
grammar of literature. (Grammariens point out the forms
which bave been, and are, used by the best writers; they
reduce them to a system, and hold them up for students
to imitate. So with the grammar of music, the examples
of the great composers are brought into syatematic forms,
and the pupils are taught to consider these forms as the
standards of propriety.

But, in addition to practical instruetion, we often come
in contact with matter of a more theoretical character, in-
volving what are called Theories, or Systems, of harmony.

There is some ambiguity as to what a sysiem of Aarmony
may mean. In one sense it may imply cnly the classifica-
tion of the forms used in the best musical writings, which
i legitimate and laudable, and highly useful for the pur-
poses of instruction. Tt ia, in fact, analogous to the many
excellent systems of classification we have in the natural
sciences, 83 in botany, minerslogy, conchology, zoology, and
80 on ; or, still more appositely, analogous to the systematic
arrengements of the parts of speech and the rules of syntax
in grammar,

But many writers are mot content with this. They
mean by & “ aystem of harmony ” some theoretical mode of
explaining, or accounting for, or deriving, the chords and
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progresaions which they find in use. When they see a
fine passage used by a great coraposer, they are not conten$
with taking it aa it stands, and admiring it, aa one would
admire a beautiful group by Raphael, or a choice extract
from Shekespeare ; they think it incumbent upon them to
Justify the composer’s use of it by attempting to show that
it may be derived or accounted for on some ingenious system
or theory which, in their opinion, may be pronounced legiti-
mate and proper.

The first person who attempted this sort of thing was
Ramean, in 1722. Before him, the publications on the
subject were entirely practical; they had consisted only of
tules and directions how to put music together, without
any reference to the principles on which such rules were
founded. Rameau, who was not only a musician but a phi-
losopher, saw, or thought he saw, that there were certain
natural properties in musical sounds which had a bearing
on harmonic combinations, and he endeavoured, throngh
the aid of some ingenious generalisstions to show a con-
nection between the two.

But his theory, thongh it had a philosophical founda-
tion, did not go far; and since his day, the practice of
harmony has taken a much wider development. Hence,
later theoretical writers, trying to follow in his steps, have
been obliged largely to supplement his simple principles
by new and wider hypotheses of their own, of far more
doubtful euthority. And what has beer the consequence ?
Simply the production of a hoat of theories and aystems of
harmony, so conflicting and inconsistent with each other,
that, instead of establishing any useful and trestworthy
foundation for practice, they have served only to promote
endless and acrimonious controversy, and to make the
study of the subject irksome and difficult. Instead of
helping studenta on in their way, they have thrown stum-
blingblocks and pitfalls in their path.

The very name of theoretical harmony conveys to
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musical students now-a-days an idea abeolutely repulsive,
not only on account of the complications it is made to
involve, but from the feeling that the information, when
gained, is unaatisfactory and untrustworthy, and of very
doubtful practical use.

The fact of this absemce of unanimity, in regard to
the principles of harmory, seems to suffice of itself to
guggest that the search for any natural basis on which to
explain the whole compiex atructure of modern harmony
is a mistake. No doubt, as Rameau found, there are, to
a certain extent, natural principles which apply; but
these are so overlaid by complications and additions of =
purely artificial and ssthetical character, that the attempt
to bring the whole structure under any immutable lawa
must necessarily prove & failure,

It is no disrespect to musicians to sey that a good
practical knowledge of the art does not necessarily
imply an aptitude for investigating its philosophical
conditions. Ib a late article in the “ Nineteenth Contury”
(March 1878), “On the Reasonable Basig of Certitude,”
the author remarks : “It is a simple matter of fact that the
enormous majority of mankind are entirely incapable of
marshalling arguments or ipstituting a scientific inquiry
into truth.” And, in a case like this, it could hardly be
sxpected that problems involving abstruse reasoning on
complicated scientific dats of & high character could be
satisfactorily solved, except by those whose modes of
thought have been trained by education and practice in a
atrictly philosophical school. It is on this account that
the investigations of such men as Heimholtz acquire the
highest value, and ought to command the most respectful
attention.

Perhaps the best proof of the artificial nature of har-
monical rules and systems generally, is foend in the gon-
stant changes they are forced to undergo.
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In this respect philology also furnishes a good analogy.
Variations are constantly taking place, though slowly, in
the forms of grammar, orthography, and pronuanciation;
and when they have come into general use, the srules,
which are formed entirely d posteriors, must be changed
accordingly. Similarly in music the same sort of varia-
tions ocour, only much more rapidly. We have already
had occasion to see how different the early harmony was
from that of later times; and if we were to follow up the
various changes, we should ses each step of progress
gradually superseding snd altering the ideas and rules
that formerly obtained. The rules thai guided compo-
sition in the sixteenth century would be superseded in
the eighteenth ; a3 those of the latter-named period have
been set at naught by the ideas of to-day. And it is quite
poesible that rules for composition at present in force may
become as obsolete in the music of the future as those of
the Middle Ages are now. _

Inatances are abundant where, certain rules having been
supposed to be established on natural principles, it has only
required the pen of & man of genius to abolish them for
ever; and so to prove that their supposed natural founda-
tion was only a delusion,

The process of investigation we are following will lead to
the conclusion that musical forms have, for the most part,
grown up by a gradual process of evolution under the hands
of musical writers of different ages, and this process neces-
sarily implies change.

It is necessary hers, at the risk of repeating what has
been said before, to point out what a great tendency there
is, in theories of harmony, to rely too implicitly on the
argument derived from the appeal to the ear. It isassumed
that becsuse certain harmonical {orma are approved, and
certain others are disapproved by our ears, there is there-
fore pome nataral reason why they should be so. But
this assumption overlooks how completely we are, in



SVYSTEMS OF HARMONY. 199

this respect, subject to the influence of habit and edu-
cation,

No doubt, in the simplest elements of music, the ear
has been the guide; and we shall see that there are
phyaical and physiological reasons why certain preferences
should have existed. But this appeal to the ear must not
be carried too far; and when the ear is appealed to to sanc-
tion complicated effects of harmony, it amounts simply
to begging the question. We approve certain things, not
because there is any natural propriefy in them, but beocause
wo have been accustomed to them, and have been taught
to consider them right ; we disapprove certain others, not
becauge thera is any natural tmpropriely in them, but
because they are strange to us, and we have been taught
to consider them wrong,

The case of literary composition givea here, again, a
perfect analogy; bad grammar, or even bad pronunciation,
is offgnsive to the ear of an educated person. But bad
grammar, or bad pronunciation, implies nothing in viola-
tion of naturgl principles; and when we disapprove of
them, we do so solely because they are contrary to the
practice authorised by common usage, and which, con-
sequently, we have been accustomed to approve,

If an appeal to the ear is to have any logical value,
it ought to be made to a person unbiassed by any
familiarity with the forms of music in actual use, If,
for example, we could catch hold of a savage, who had
never heard a note of music in his life, and try to get his
judgment and opinion on thess points of harmony by
letting him hear them, the appeal might be conclusive;
but the resulta would hardly be such as to corroborate the
assertions made.

The fact is, this argumentum ad aurem is worth nothing
unless it ig carried further. If any harmonic effect pleases
the ear, it must be either from physical reasons, or from
wsthetical ones. If the pleasure arises from physical
reasons, these ought to be shown (as they can be shown
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in the simpler cases), and there is an end of the guestion
But if the pleasure arises from msthetical reasons, then,
a8 these will change with taste and education, they offer,
not & nataral, but only an artificial standard of right and
wrong ; and the appeal to the ear proves nothing eonclusive
as to their authority, or their permauence in the musical
code.

This idea of the insufficiency and untrustworthiness of
theories of harmony has long been entertained by think-
ing muagicians, and it is countenanced by anthority of far
more weight than that of the writer of this work.

One of the greatest musical theorists of Germany who
wrote in the beginning of this century, Gottfried Weber,
took this ground in his theoretical works, and his principle
has been well described in a single sentence :—*“ Weaber
only secks to make the pupil ecquainted with the chords
thet are used in music, and does not attempt to explain
them or give their derivation.”

And exactly the same may be said of the moat modern
German writer on harmony, whose work is probably now
received as the mest authoritative for teaching in that
eountry, namely, Richter, the present head of the theore-
tical department at the great Leipsic Conservatoire. It
is worth while to cite a passage from his prefuce :—

“This book containe no scientific theoretical treatment of the
subject of barmony, but is devoted solely to a practical ebject, which
would be very difficult to attain by the scanty scientific means at
present available.

#1tis trne that demands have long been made for mathematical
proof of musical rules, and this is especially the case with young
students, who, rebellious againat authority, wonld fain have every-
thing subject to demonstration ; and it is not to be denied that in
this respect there is a blank in musical literature, which no one yet
bas sucoveded in filling.

4 No attempts of the kind have yet anccesded in devising & really
trustworthy scientific musical system, sccording to which ell the
phenomens of music aball be shown to follow as necessary conse-
quences from cne fixed fandamental principls. And what philoso-
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phers, mathematicians, and physicists have hitherto dene, although
very worthy of attention, has besn insufficient for the purpose.

% Yet, when rightly looked at, thin want only affecte ripe and
educated musicians, who willingly ocoupy themselves with theory.
it is of little consequence to the earnest musics] student. He has io
dirsect all his powers to his technieal training, in which he hea rather
to be taught the How than the Why. He must be taught rather to
gather his principles from obeervation of the best exmmples, than to
deduce them for himself; and it will be time enough for him at s
later period to investigate further.”

This is undoubtedly the most reasoneble view of the
mode of teaching harmony.

In the great new Musical Eneyclopedia now appearing
in Germany, giving the mest advanced thought on all
musical subjects, a distinction is carefully drawn between
Huarmonie-Lehre, the practical teaching of harmony, and
Harmonie-System, the theory of harmony ; and the author
of the latter article, after showing the innumerable and
contradictory theories that had appeared in Germany,
remarks of them—

“Thus all these aystems of harmony either rest om nntenable
assuroptions, or are wanting in practical consistency ; and they are
altogether inmufficient to explain the worke of the acknowledged
claseical masters, much less to serve ms critical standards for the
compaositions of the more modern school,”

If any man would be competent to explain harmony by
natural principles, it would be Helmholtz; but he gives
unhesitatingly the same opinion He says—

The system of ecales and modes, and all the network of Aarmony
Jounded thereon, do not seem to rest on eny immutable laws of
nature. They ate due to esthetical principles which ere constantly
subject to change, accordivg to the progressive development of know-
ledge and taate”

Again, alluding to the strict rules which are pretended
to be drawn from theoretical considerations, he says
(p. 554)—

* It ia clearly a false position which teachers of harmony have
assumed in declaring this or that to be ferbidden. In point of fact
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nothing musical is absolutely forbidden, and all rules for the progres-
sion of parts are actually violated in the moat effective yisces of the
greatest composers.”

He also says—

#If any theory of harmony claims to have shown that all the laws
of modern harmony are natural neceasitios, I should corsider it to
siand condemnad a8 proving too much.”

It is impossible to have more conclusive antherity, or
from a more competent source.

‘We may also refer, for confirmation of these opinions,
to one of the most celebrated modern works on musical
ssthetics, “ Vom Musikalisch-S8chénen,” “ On the Beauti-
ful in Music,” by Professor Hanslick, of the University in
Vienne.!

Henes all classes of suthorities appear to have arrived
at the same opinion : namely, that it is vain to attempt to
basge all the rules of harmony on strictly scientifie prin.
ciples. We must be content with more moderate aims;
we must investigate, by strict logical deduction, what
amount of natural basts for them we can discover; and if
we find a large residuum, which we ghall be unable thus
to account for, we must relegate it to the domain of
gesthetics, where it must stand on different ground.

1 For sxiracis, ses Nots O, at the and of this work,
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CHAPTER XVIL
HARMONY CONTINUED.

O — Elemendary Combinations,

HaviNg now seen how harmony has grown up, we must
proceed to inquire into its theorstical nature,

This inquiry is by no means easy, for harmony is, in
its full modern sense, s very complicated affair. It in-
volves, in the firet place, a great variety of combinations
of sounds, differing exceedingly in their charactsr, and the
scientifie analysis of which is of m very intricate nature,
Also, elthough every substantive harmonie combina.
tion conveys its own independent ides, yet, in practical
musio, these ideas have to be linked together in a ayste-
matic and artistic way, so as to form a consistent whole,
Hence we have to consider, first, the combinafions of
sounds individually ; and secondly, the progressins from
one combination to another, Both these subjectsa are
ordinarily included in the study of harmony.

First, then, as to the principlea on which sounds may be
combined.

Of course many sounds may be used simultaneously,
and we know that in practical music several notes are
usually combined into ome chord. But the simplest
form in which harmony can appear is in the minimum
combination of we sounds taken together.

These may be called binary combinations; and they are
of much importance: they may, indeed, be considered the
elementary germs of all harmony; for when we come to
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look et the more complex combinations, we shall see that
they may alwaya be assumed to be formed out of these ele-
mentary germe, and that we shall find, in the latter, the
simplest and most natural explanation of their stracture,

Now, any two musical sounds may be combined together,
and as the number of poessible sounds iz theoretically
infinite, we might get an infinite number of binary com-
binations, But it must be recollected that we have a
definite musical scale, on which we agree to form our
music; and our inveatigation must, therefore, be limited
to the combinations this scale will give.

A reference to the list of intervals on pages 77 and 78
will give an idea of the great variety of binary combina-
tions that may be made in this way. The two notes of
any interval, being sounded simultaneously, will give such
a binary combination; and it will be found that, within
the compass of one octave, the diatonic scale alone will
furnish fifteen such combinations; and that, by supple-
menting this with chromatic notes, the number may be
increased to twenty-three.

These combinations differ very widely from each other
s regards their effect on the ear. Ever since harmony
bhas had any existence, it has been understood that
certain combinations of two notes are considered more
agreeable than certain other eombinations; and this idea
bas been expressed by the names attached to them of
oonsonances and dissonances respectively. The binary
combinations called consonances are seven in number:—
the octave, the fifth, the fourth, the major and minor thirds,
and the major and minor sixthe. These, by their names,
are supposed to be specially agreeable; all other combina-
tions of two motes are called dissonances, and are supposed
to be disagreeable,

It may naturally be asked, What is the reason for
theasa preferences? There may be a question as to the
reality of the sharp distinction made between one class
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and the other, and this will be treated of by und by. In
the meantime, since the distinction between consonances
and dissonances has become so firmly implanted in the
theory of music, it will be advisable here to admit its
validity, and to inquire whether any sufficient explanation
of it can be found, Is there any physical reason why un
octave, a fifth, or a third, should sound better to the ear
thap a tritone or o seventh? Have the worde consonance
and dissonance any veal significance? or are they purely
conventional ?

This problem has been much puzzled over by philo-
sophers, and the explanation most generally offered has
been, that the preference is due to the simplicity of the
ratios between the vibration-numbers of the two limiting
sounds. The following table will explain this ; and it may
be added that there is a subordinate classification among
the consonances themselves, the octave, fifth, and fourth,
being termed perfect, and the thirds and sixths {mperfect,
consonances respectively.

CoNSONANCES.
Ratfo,
Octave . 2
PrrrFECT { Fifth .
Fourth . . . . . - 4
Major third . « 8
Mipor third . . . . 6
Tupmarmer 3 Majoraixth . . . . . 3§
Minorsizth . . . ., . 8
DissonaNcEs,
Majorwecond . . . . ., , @ 8
Minorsecond . . . . .« I6 1%
Majoreeventh . . . . . « I5 8
Minor eeventh . . . . . . 16 9
Tritone . . . . . . 45 32

and so on for the others, all the numbers expressing the
ratios of dissonances being high.
It must be explained that when the original names
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were given, nothing was known about vibrations; but still
the ratios had been determined by the lengths of strings,
and it was assumed that for some obscure paychological
reasons thess might influence the ear.

The eaxlier theories on this subject were extravagantly
fanciful. Pythagoras, who first invented theae ratios, was
supposed to have derived them from the “ music of the
spheres,” where, a3 he said, “all was number and har-
mony.” This doctrine played a great part throughout the
Middle Ages, and at a later time even Kepler, a man of the
deepest scientific spirit, could not keep himself guite free
from imaginations of the kind.

The celebrated mathematician Leonard Euler, in a book
published in 1793 called “An Attempt at a New Theory
of Muasic,” endeavoured in a serious and more scisntific
manner to substantiste this theory of the simplicity of
ratios on psychological considerations. He says we are
naturally pleased with everything in whick we can detect
a certain amount of perfection and order, and that s com-
bination of tones will please us when we can discover the
law and order of their arrangement. Then, in proportion as
this law is discovered more freely (which he thinks it may
be when the ratios of vibration are simple, as in conso-
nances), the mind will have more pleasure, than when (aa
in dissonances) the operation is obscure and difficult.

Euler worked out his theory with much ingenuity and
in great detail ; and it found general favour during the last
century, although it certainly involved some difficulties as
to the operation of the mind in appreciating the ratics in
question, seeing that hearers of music in general usually
knew nothing either about vibration-numbers or about
proportions of atrings.

Rameau made a much better attempt to sxplain con-
sonance by pointing out that the more important conso-
nances, namely, the octave, fifth, and major third, were
contained ic the natural harmonics of compound sounds,
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Thia will be shown by a reference to the table of har-
monics on page 40, in which the following relations

appear :—
&—g—__; Major Third,

e} Fitth,

Z:} Gotave

Rameau might have extended his explanation ; for by
looking a little farther in the same source he would have
found the following

ot minor Bxth2 ) Minor Thind
r—Major Slxth._{ % Fourth,
>

so completing the list of the consonances.

These considerations are very important; they enabled
Rameau to construct an admirable theory ; and we shall
see their bearing better when we come to consider harmony
more completely.

Dut, by giving the argument full acope, we shall find it
proves too much ; inasmuch as the natural scale of har-
monics contains dissonances also, soms even so harsh that
they do not belong to our seale of music at all.

Helmholtz also raises the objection, that proving a thing
to be natural does not prove it to be agreeabdle, or beautifil,
or desirable; for we find in nature not only beauty but
uglineas, not only help but hurt; and he instances many
ratural sounds that are anything but beautiful,

Hauptmann, the most moderr writer on the theory of
music before Helmholtz, ascribes the preference of conso-
nances to metaphysical causes He says—

% The octave is an interval in which the half of a sounding quan-
tity is heard ageinst the whole of the fundamental tone. It in, in
its scoustical mignificance, the expression for the idea of idemtily, of
unity, and of similarity with itself. Itexpresses that one.-half agrees
with its like, as the other half,
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* The fifth is an interval in which a sounding qmantity of two-
thirds is heard against the fundamental tone as a whole. It signifies
acomslically that something is divided in itself, and it therefore con-
tains the idea of duality, and of an inner opposing element (Gegensats);
as the half sets o similar half outside itself, so does the quantity of
two-thirda, when heard with the whole, denote the remaining third,
o quentity in which the single appears to be set againat the doubie,

“The major third is an interval in which s sounding quantity of
four-fiftha is heard against the fundamental tone as & whole, Here
is denoted the remaining fifth, & guantity in relation to which the
given guantity has a fonrfolil, er twice twofold, significance, In the
quantitative meaning of fwice tawo, inesmuch as the double is here
teken together, as unity in the multiplicand, and likewise as duality
in the multiplier, we find contained the idea of the puiting together
of the contradictory—of the duality as unity.”

To whet extent this kind of reasoning may be consi-
dered as a satisfactory explanation of the phenomenon of
musical consonance, must be judged of by the reader.

It is of more importance to our argument, however, that
Hauptmann appears in another place to doubt the positive
nature of the distinction, for when he comes to speak of
the imperfect fifth, he says (p. 39), after calling it dis.
sonant—

# But here ]| must make a rerrark in regard to_the idea of disso-
nance, namely, that the erpressions often nsed, wohl-kiingend and
tibel-Klingend (i.e., well-sounding and evil-sounding), are altogether
improper to be used for consonant and dissonant, These latter con-
tein in their stymological structure their full and accurate definition.
The character of consonance ie sounding fogether (zusammen-kiingen);
that of dissonance is disunited sounding {aussinander-klingen), Con.
eonance may be evilsounding in a place which requires a disso.
nance, and where the latter will acund well.”

It is clear, therefors, that Hauptmann attachea the
aense of the terms rather to the use of the combinations,
than to the simple effect on the ear of the combinations
themaelves,

We now come to a more practical philosopher, Helm-
holtz, who, applying to the problem his recent discoveries
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in musical acoustics, has endeavoured to solve it in a more
satisfactory way.

It occurred to him that there might be something in the
physical nature of the sounds themselves, when thoroughly
investigated, which would aceount for their effect on the
ear, and he succeeded in tracing this effect to the com-
pound constitution of the notes uwsed iu the harmony.
The essencs of his explanation may be stated as follows :—

When two notes are sounded together, the harmonics or
overtones of each are liable to interfere with sach other,
producing a certain roughness or harshness; and it is
the greater or less liability to this which influences the
smoothness of the combination, and gives it the character
of a more or less conaonant interval

Thia is the geperal principle, but on account of the
importance attached by Helmholtz to the discovery, it is
necessary to illustrate it more in detail,

The roughness or harshness spoken of iz due to the
occurrence of what are called beats.!

When two musical sounds differing slightly in pitch
are sustained together, the periodical coincidence of their
vibrations gives rise to a certain shrobbing or beating effect,
recurring at regular quick intervals. It is an effect often
heard in practice, and it may be produced essily by two
organ pipes, intended to be in unison, but one of which
is made a trifle sharper or flatter than the other.

The law determining the rate of this throbbing or
beating is a very simple one, The mumber of beats per
second will be exactly equal to the difference in the vibra-
tion numbers of the two sounds, Thus, for example, sup-
pose two organ pipes sounding together, one at the rate of
256 vibrations per second, the other a little flatter, making
246 vibrations, there will be heard beats at the rate of ten
per second. It follows, that when the twoe notes absolutely
coincide in pitch, there are no beats; as they diverge, the

1 Bos Note D, st ths end of this work.
o



210 THE STRUCTURE OF MUSIC,

beats become quickar, and the effect of this is to produce
impression of harshness or roughness on the ear. As the
quickness increases the rough effect increases also, till the
beats arrive at about thirty per second, which Helmholtz
congiders the muximum of harshness. As the velocity
incranses beyond this, the harshness diminishes, and when
the beata become wvery gquick, the disagreeable effect dis-
appears, Hence thirty beats per second may be considered
a sort of fixed point, at or near which the greatest degree
of roughness is obtained,

The beats also increase in intensity in proportion to the
loudness of the notes which cause them. Loud notes beat-
ing with a given velocity will produce a much rougher and
more disagreeable effect than notes of weak power.

It is aleo necessary that the two notes must be suffi-
ciently near each other to set the same elastic appendages
of the auditory nerve in sympathetic vibration at the same
time. If they are too far apart, the effect is too weak to
admit of the beats being sensibly felt,

Now having given these data, velocity of beating, and
strength and relative position of beating notes, we may
examine some of the binary harmonic combinations of
sounds, and see in what manner and to what extent the
partial tones, of which the sounds are made up, give rise
to the beating or harshness ahove described,

Thie may be clearly shown by diagrams. If we lay
"down, side by side, the sets of partial tones belonging to
each note, it will be easy to see which of them interfers
with each other; and if we add to each partial tone its
proper vibration-number, we can at once get the velocity
of any beat resulting therefrom. We have then further
to take into account the comparative strength of the beats,
and this may be roughly estimated by using a graduated
size of note to represent the comparative loudness of the
several partial tones. The fundamental notes are repre-
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gented in the following diagrams by breves; the over.
tones by semibreves of sizes gradually diminishing es they
ascend. We may confine the investigation to the five first
overtones of the lower note; above this they are so weak
that they may, for our present purpose, be neglected.

‘We will first take the simplest consonance, that of the
OCTAVE.

Here it will he observed there is no interference of any
notes with others near them; in three places the sounds
coincide, and simply reinforce each other, and the other
two are quite free. There is therefore no beating or harsh-
ness; the effect of the combination is perfectly amooth ;
and hence the octave has the character of a perfectly
consonant interval.

It will also be observed that the addition of the upper
note introduces no new sownd ; it merely reinforces, by
duplicates, sounds already belonging te the lower note.
This is the explanation of the great similarity which the
octave {0 & note bears to the note itself; the mind refusing
to recognise any addition to the sensation received,

Now take the next consonance in order, the PERFECT
FirrTE.

Basts
par Becond.
1878 s e e e h oo
10340 - 1§ (- S e

_Z
e
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In this combination it will be at once seen that we
have a different state of things from that of the octave,
We have a D, the second overtone of the upper funda-
mental, sounding against & C and an K, the third and
fourth overtones of the lower fundamental This causes
real interferences, and gives rise to two series of beata.
The velocity of beating due to the C and D will be r152—
1024 = 128 per second ; that due to the D and E will be
1280—1152 = also 128 per second.

But these beats are very guick, and the ronghness or
harshness due to them is almost nil; consequently the
combination of this interval, although not absolutely
smooth like the octave, forms a very good consonance,

It will also be observed that the upper note adds fwo
new sounds not contained in the series of the lower note;
for which reason the ear at once eppreciates the fifth as
giving & new musical sensation,

Next talze the interval of the Fourrnh.

. P ———
Rt 2o = 1363 I
—-- -

This is a little worse than the fifth. The two upper
series of heats may be excluded, as they are very quick and
between very weak notes, The two other series, 84 and
86, are more perceptible, but still they produce only a
small degree of harshness, and the combination may well
be deemed agreeable and consonant.

There haa been a variation of practice about adritting
the fourth as a consonance. The Greeks undoubtedly
considered it so, and in the early days of harmony i
ranked with the fifth; but about the thirteenth or four-
teenth centuries, it was omitted from the list of eonson-
ances allowed in counterpoint, for certain reasons connected
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with the rules for the progression of parts, and which are
explained by Helmholtz (p, 2g8). 1t is probable, also, that
the fact of the fourth not being contained among the
natural harmonics may have acted to its prejudice, There
can be no doubt, however, that, taken by itself, the interval
of the fourth is on acoustical grounds a good consonance,
only a little inferior to the fifth, and superior to the thirds
and sixths,

MaJor THIRD.
Baate
per Seoond,
1024 B e ermeeen &y
Az IE’.“’
= 2567

Here the two fundamental notes and their octaves are
probably too far apart to produce roughness; but in two
higher places there are beats at 64 per second each. This
is, therefore, a Iess perfect combination than the fifth; but
still the beats are quick, and the effect is not disagree-
able, ' '

MaJor SIXTH.

Boats
per Becund,
153& _"2,_.“04 ........................... 168
- — 8
6 11 T IO LT 4
i } 86

In this the beats are quicker than in the mgjor third,
and it also forma a good consonance.

Let us now compare with the above some of the binary
combinations that are, in practice, considered less agree-
able. :
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TrITORE.
Beats
per Hecond.
wgh
25325 e ﬂ 5 FA40 s 7]
13 80 i o
024 i }-&-10fic

Here some of the beats approach the harsher veloeity,
and are also caused by loud notes, the combination being
clearly less agresable than any of the former ones,

This interval is & dissonance in name, but is far Jess
harsh than some others, as, for example, the following :—

Mixor SECOND.

Boata
por Becond.

1836 b orsss .. ... v . ToB
1280 33 peizle s IR
b wga | 1Ll . 38y
n 768 F o8z 11001 v

e e e 3

256 L]

Here avery note beats strongly, and a very harsh disso-
nance is formed,

These few examples will suffice to illustrate the general
proposition laid down by Helmholtz, which may now be
given in hiz own words, He zays (p. 204)—

“ When two musical tones are sounded af the same time, their
united sound is generally disturbed by the beats of the overiones, se
that & greater or less part of the whole mass of sound is broken up
into pulses of sound, and the joint effect is rough. This relation is
called dissonance,

“ But there ave certain determinate ratios between vibration-num-
bers, for which this rule swffers an exception, and sither no beats ot all
are formed, or at least only snch as have so litile intensity that they
produce no unpleasant disturbance of the united sound. These ex-,
coptional cazes are called consonances.”
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Ho adds (p. 342)—

“The essence of dissonance consists merely in very rapid beats
The nerves of hearing feel these rapid beats as rough and unpleasant,
because every intermittent excitement of any mervous apparatus
affecta us more powerfully than one that lasta unaltered,

“ Consonance in a continuous, dissonance an sntsrmitient, sensation
of musical sounds. Two consonant tones flow on quietly, side by
gide, in an undisturbed stream ; Qissonant tones out one another up
into separate pulses of sound.”

Helmholtz has calculated the roughness of all possible
intervals on certain practical data, and has ingeniously
expressed the resulte in a diagram. It is unnecessary to
reproduce this, as it gives more than is wanted here; but
the English translator has adapted from it a list of the
more usual intervels, in which their comparative rough-
ness, a8 estimated by Helmholtz, is given in a numerical
scale, The more important results of this table are given
on page 222, which contains a list of the binary combina-
tions most usual in music, arranged in the order of their
respective degrees of dissonanca,

Now the results of this investigation are very remark-
able, and have an important bearing on the theory of
harmony, as heretofore understood.

It has been the universal practice to make the broadest
and most positive distinction between consonances and
dissonances. The existence of such a broad distinction
has hardly ever been questioned; it has been taken for
granted, and has been adopted in all systems and rules
of harmony a8 the basis, in a large measure, on which they
are formed.

But if Helmholtz's results are correct (and we must
recollect that his is the only theory we have that has
any pretension to an intelligible physical basis), then this
idea of the broad distinction between comsonamce and
dissonance turns out to be a delusion. There in really
only one perfect consonance: the oclaws; from thin fo
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the extremeat dissonances the steps are gradual, and no
positive distinction can be made between the two classes
of combinations. Indeed we actually find two combina-
tions usually called dissopant among the consonances;
the tritone proves not to be more dissonant than the
minor third or minor sixth; and the extreme sharp sixth
is less dissonant than either of them, All that can be
said is that, generally speaking, the combinations called
consonances are smoother and less harsh than the com-
binations ealled dissonances; but this is much less positive
than the usual idea of the distinction.

The boundary between so-called consonant and dissonant
intervals has varied at different times. The earliest
intervals used in harmony were those that have been
already mentioned as determining the natural divisions
of the scale, namely, the ooctave, fifth, and fourth. We
have already mentioned the old definition by Euelid that
consonance is the blending of a higher with a lower tone;
which he only admits a8 applying to these three: all
others give rise to dissonance, which he defines ss inca-
paeity to mix, when two tones cannot blend but are rough
to the ear.

After the Greeks got the true intervals of thirds and
sixths, which we use now, they did not admit them as
consonances: it was only at & later time, when the practice
of harmony wes extended, that this was done. And aven
then they were ounly called imperfect consonances ; and the
minor third especially was, down to a very late date, con-
gidered so imperfect a consonance that composers would
not use it for a final chord,

It is & curious anomaly that in modern practice thirda
and sixtha are considered more agreeable intervals than
octaves, fifths, and fourthe, in the face not only of the
above definition but of the physical charseters of the
combinations, This impression i8 by no means easy to
accoun; for. Helmholtz has attempted to explain it on
the sthetical principle that the mind takes more interest
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in appreciating those relations which are more difficult of
detection. He says—

% The resemblance of an octave 1o its root is so great and striking
that the dullest ear perceives it ; in fact, the octave merely repeats
s part of the compound sound of its root without adding anything
new, Hence the esthetical effect of an ostave is that of a perfectly
simple, but ittla atiractive, interval.

“The most attractive of the intervals, melodically and harmoni-
cally, ars clearly the thirds and sixths: the intervals which lie at
the very boundary of those that the ear can grasp,

“ Tha major third and the major sixth can be properly appre-
ciated when the first five tones of the compound are audible; and
these are present in good musical gnalitiea of tone.

# The minor third and the minor sixth are, for the most part, justi-
fiable only s inversions of the former intervals,

# The more compliested intervals in the scale have no longer any
direct or easily intelligible relationship, They have no longer the
charm of the thirds.”

Whether this explanation is sufficient may be open to
question ; at any rate, it is the only one which has ever
been offered.

The relations above given of different binary combina-
tions, as regards their respective degrees of consonance,
must be coneidered only as comparative, assuming the
sounds to be taken at nearly the same pitch. It must
now be explained that the positive degree of harshness of
gny given combination varies materially according as it is
taken higher or lower,

Thus, for example, the four major thirds following

2. all vary in the degree of harshness

“f————m—— they offer to the ear; this being
ﬂg[{::é__'m% greatest in the lowest position, and
'85-———— diminishing in each one as it is

: T taken higher.

This iz a fact well known in musical practice: com-
binations and chords, which are excellent consonances in
the upper part of the scale, become unendurable when
taken in the low bass
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the extremest dissonances the steps are gradual, and no
positive distinction can be made between the two classes
of combinations. Indeed we actually find two combina-
tions unsually called dissopant among the consonances;
the tritone proves not to be more disscnant than the
minor third or minor sizth; and the extreme sharp sixth
i less dissonant than either of them. All that can be
said is that, generally speaking, the combinations called
consonances are smoother and less harsh than the com-
binations called dissonances; but this is much less poaitive
than the usual ides of the distinction.

The boundary between so-called consonant and dissonant
intervels has varied at different times. The earliest
intervels used in harmony were those that have been
already mentioned as determining the natural divisions
of the scale, namely, the octave, fifth, and fourth, We
have already mentioned the old definition by Euclid that
consonance is the blending of a higher with a lower tone;
which he only admits as applying to these three: all
others give rise to dissonance, which he defines as inca-
pacity to mix, when two tones cannot blend but are rough
to the ear.

After the Greeks got the true intervals of thirds and
gixthe, which we use now, they did not admit them as
consonances: it was only at a later time, when the practice
of harmony was extended, that this was done. And even
then they ware only called imperfect consonances ; and the
minor third especially was, down to a very late date, con-
sidered so imperfect a consonance that composers would
not use it for a final chord.

It is & curions anomaly that in modern practice thirde
and sixths are considered more agreeable intervals than
octaves, fifths, and fourths, in the face not only of the
sbove definition but of the physical characters of the
combinations. This impression is by no means easy to
account for. Helmholtz has attempted to explain it on
the sathetical principle that the mind takes more intereat
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in appreciating those relations which are more difficult of
datection. He says—

% The resemblance of an octave to its root is so great and striking
that the dullest ear perceives it : in fact, the octave merely repeats
s part of the compound sound of its root without adding anything
new. Hence the msthetical effect of an octave ia that of & perfectly
simple, bus little atiractive, interval.

“The mosat attractive of the intervals, melodically and harmoni-
cally, are clearly the thirds and sixths: the intervale which lie at
the very boundary of those that the ear can grasp.

“The major third and the major aixth can be properly appre-
stated when the first five tones of the compound are audible ; and
these are present in good musical qualities of tone.

“ The minor third and the minor eixth are, for the moat part, justi-
fiable only ss inversions of the former intervals.

“ The more complicated intervals in the acale have no longer any
direet or easily intelligible relationship. They have no longer the
charm of the thirds”

Whether this explanation is sufficient may be open to
question ; at any rate, it is the only one which has ever
been coffered.

The relations above given of different binary combina-
tions, as regards their respective degrees of consonance,
must be considered only es comparative, pssuming the
sounds to be taken at nearly the same pitch. It must
now be explained that the positive degree of harshness of
any given combination varies materially according as it ia
taken higher or lower,

Thus, for example, the four major thirds following

& all vary in the degree of harshness

=—E— they offer to the ear; this being

g§—— greatest in the lowest position, and

¥, ———= diminishing in each one as it is
~7 " taken higher.

This is & fact well known in musical practice: com-
binations and chords, which are excellent consonances in
the upper part of the scale, become unendurable when
taken in the low bass.
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Helmboltz’s theory affords (what was never given before)
a very satisfactory explanation of this, as can be easily
shown by an example. It will be seen by the diegram
on page 213, that the major third, when taken in that
position, gives rise to two sets of beats of 64 per second
each, to which 2 small degree of harshness is due. But
if we now transpose the interval an octave lower
thug—-

Bosts
per Becond,

we find the beats halved in rapidity, beating about the
maximum harshness, and muech rougher by their lower
pitch. A similar result wonld follow from the other
changes, the raising of the pitch diminishing and the
lowering increasing the harshness of the interval,

Another result given by this theory is, that the degree
of dissonance of an interval will change materially when
the notes are put wider apart by the interposition of
octaves. Thus, for example—

& =t
In each of these the musician recognises the same
interval of the major third, the ordinary definition of
consonauce not being changed by the change of position,

But it is easy to see that, as the position of the harmo-
Rics becomes changed, the resultant interferences become
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changed also; and hence the interval will acquire a new
character as regards its consonancy or dissonaney by every
guch change of position,

To prove this let us make a diagram of the second posi-
tion, and compare it with that of the first, which has been
already discussed.

-

ea

it

It will be seen that the effect of raising the upper note
is to throw its overtones so high as to escape interference
with those of the lower note, or at least with the most
important of them; and hence the combination becomes
much smoother. The exact nature of the changes pro-
duced in this way may be studied in Helmholtz, pp. 292
to 294.

The fact of & difference in effect by the spreading out of
harmonies is well known in practical muasie, and is always
taken advantage of in good composition,

Before leaving this elementary formm of harmony it is
right to mention a peculiar phenomenon which is connected
with binary combinations of sounds, and which has an
effect, in some cases, on the agreeableness or otherwise of
the harmony. Itis a third sound, spontaneously resulting
from the combination of the others.

2,
Let, for example, these two notes gy-——=— be sounded

on an organ, or Some other instrument of sustained sounds.
The interval must be perfectly in tune; for which reason
sn ordinary harmonium, or an organ tuned to equal tem-
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perament, wiil not do, While these notes are sounding,

let the experimenter listen very attentively, and he will
o
hear, in addition, a third lower sound, thus— —

This third note is faint, and ia difficult to eatch by in-
experienced ears, and a first trial requires careful and pro-
longed attention, When, however, the ear is accustomed
to the appreciation of the sound, it can be caught quickly
and easily.

Other binary combinations will give other resultant
notes, and the rule for finding what they will be is & very
simple one. The third sound resulting from any binary
combination will be the note due to the difference between
the vibration-numbers of the two original sounds,

The following table will illustraie this for the more
common combinations :—

g

Attention was first prominently called to this pheno-
menon by the celebrated violin player, Tartini, about the
middle of the last century. He attached so much import-
ance to it that, in 1743, he wrote a treatise, founding on it
a new gystem of harmony ; and, what was of more use to
the world, he made his pupils become thoroughly acquainted
with this sound, to serve them as a guide to correct in-
tonation in “double stopping,” a peint of imstruction
which has been revived lately under the sanction of Herr
Joachim! It will be remarked that, in all the simple
cases given in the foregoing example, the third or resultant
note forma good harmony with the two generating notes.
When, therefore, the vielin player is double-stopping, t.e.,
sounding these two notes at once, if he listens for the

! Grundlage der Vialin-Teshnik, Von Karl Courvcisier. Barlin, 1873
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resultant note, its accordance with the harmony or other-
wise will furnish him with an easy and certain guide
whether or not he is stopping in tune.

The sound above described hes received several names:
it is often called the Tarsint harmonie; but it is also called
the grave harmonic, the under-tone, or the resultant-tone.
Tartini ealled it the terzo-fuono, or fhird fone. Helmholtz,
from its vibration-number, calls it the difference-tone, and
he makes some use of it in determining the consonance of
chords, as will be shown in the next chapter.

The theory of this resultant tone is interesting. Dr.
Young thought the grave harmonic was due to the conles-
cence of rapid beats, which linked themselves together
like the periodic impulses of an ordinary musical note;
and es this explanation harmonised, in the generality of
cases, with the observed facts, it was, in spite of certain
theoretical objections, for a long time generally received.

Helmholtz was the first to discover the true cause,
namely, that vibrations which preduce a certain practical
amount of disturbance in the medium, give birth to
secondary waves, which appeal to the ear as resultant
tones, A full explanation of the theory will be found in
his work.

On this principle, Helmholtz has also discovered that
there ought to be, and actually is, another subsidiary
gsound resulting from each binary harmonic combination,
which is always Ahigher than the two primaries, and which
has & vibretion-number equal to their sum. This he calls
a summation-tone. Its nature may be studied in Helm-
holtzs work, but it i3 not of such importance as to require
further notice here,
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TABLE or tar CouririTi¥n Dacrem of Diasowawcs, ok RovoENEsS,
oF DIFFReENT Birany Hanmoxio CoMsiviTIONS,

The lowest note of each combination is ssnmed to be ﬁ

Mame of Interval, Ratio, Oﬁ?{g;::r
TEMPERED SEMITONE + .« . WE o 76
Miwon S8xoown . . . 16 : 1§ 70
MagoR SgvENTE . . . . 15 ¢+ 8 42
Avownwren Firre PO 25 : 16 39
Mproz Tonm . e s 103 9 38
MasorTomm . . . 9 «+ 8 32
Diurpiagep Teme . . . 256 : 22§ 30
Dogwesgo Fiyrg « . 36 25 28
Dixrriseep Fovrra . . . 32 : 25 a5
AvauBNTED Bxcowp v e 250 : 216
DINININEED SEVENTH . . . 216 ¢ 12§ t “
Mmvor BRYENTH . . e . 9 : 5 a3
MovoaBoxre . . . . B : 5§

TaTose . . . . . 45 : 32 20
Mivor Turep . . . 6 : 3
Avouswrep BraTH . . . 225 @ 128 15
MasoaTeeD . . . . 5 4 8
Misor BixTa . . . s 3
Foverm . . . . 4 1 3
FrrR. . . « o+ . 3 s 2
Goravn ., . . . a2t 1 ]
Uwsox . , .« . . r: 1




CHAPTER XVIIIL
HARMONY CONTINUED.
D —Compound Combinations, Chords.

Ixn the lagt chapter we have treated of the effects pro-
duced in harmony by the simplest combinations possible,
namely, those of two notes sounding together. But two
notes are too few to produce what is understood as har-
mony in tbe modern sense of the term; to realise this
thers must be at least three notes sounding together.

And it must be explained that in estimating, in prac-
tical music, the number of notes of which & chord conaists,
it is customary to disregard eny duplication of a note by iis
ootave, and to consider the two together as one note. We
have already had occasion to notice the great similarity
there is between any sound and its octave, and the fact that
the addition of an octave to any note introduces no new
musical sensation ; for this reason, the combination of a
note with any octave above it is considered only eguiva.
lent, in chord construction, to the note itself, Thus the
following combinations

===

would be considered as combinations of two notes only;
and the following
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as combinations of three notes only.

A combination of three or more distinet notes forma
what is called a chord. The word is ubjectionable, on ac-
count of its similarity to the term for a stretched string,
with which meaning it has no connexion. It is derived
from the French “accord,” which has no equivocal signi-
fication. We have, however, in English no other word
to express the idea, and must be content to use the one
sanctioned by custom.

There is much difference of opinion as to the modes of
considering chords. The usual idea of theoretical writers
on harmony ssems to be, that it is absolutely necessary to
find out some mode of deriving them, or accounting, on
some presupposed principle, for their existence, their form,
and their properties. The mode of derivation of chordsis,
in fact, the guestie vexata, the great stumblingblock, in all
empirical systems of harmony. This point will be better
illustrated hereafter; in the meantime, it is desirable to
consider chords in the simplest possible way.

It will be evident that all combinations of three or
more sounds may, by the easiest process of analysis, be
resolved into elementery binary combinations of the
kind described in the last chapter: in other words, they
may be considered as compounded of several of these
binary combinations taken together; and it follows that
the character of eny chord will be indicated in the
simplest and moat logical way by the characters of the
several elementary combinations of which it is composed.
For we have found, in the last chapter, that the various
elementary combinations have, each separately, a certain
effact on the ear, and it is clear that in a compound com-
bination or chord we shall have several of these combined.
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This, therefure, is the way we shall here study chords;
it is, in fact, the only mode by which we can bring physical
analysis to bear upon them; it involves no theory of deri-
vation in any way, being merely an exposition of facts
lying clearly before the eye.

‘We have then to consider what compound combinations
ghall be selected for discussion, end in this we may fairly
be guided by the facts of practical music. No doubt any
three or more sounds in the infinite gradations of pitch
might be combined together, but it would be useless to
discuss the imaginary combinations of all possible tones; we
may more usefully limit our attention to those which we
actually meet with in practice, and which are formed from
notes already existing in the acknowledged musical scales.
These may be divided broadly into two classes: those
formed from the diatonic scale only, which may be called
Diatonic Chords; and those requiring the introduction of
chromatic notes, which may be called Chromatic Chords.

DraToNic CHORDS.
Major Triad.
The best-known combination of three sounds is formed
by taking the first, third, and fifth notes of the major

scale ; thus— E_F&

This, it will be at once seen, contains three elamentary or
binary combinations-—

A Major A Mloer A Perfest

. Third Third. Fith

- —8:

The investigations of the last chapter show that these are
all consonant in a high degree, and therefore we may
conclude that the compound combination ought to be
agreeable, which is in perfect accordance with practical

experience. Any chord formed by combining a note with
P
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its third and fifth is called a ériad, this being distinguished
as the magor triad, by the character of ity third. It is alse,
from its very frequent use, called the commeon ckord,

It is poseible to assign to the chord a numerical value
representing its character for conaonance; for as we have,
in the last chapter, found the degrees of consonance (or
rather of dissonance) attached to each binary combina-
tion, we have only to add together such of these as make
up the chord in question, to express the character of the
combination. Thug—

Degree of Diasomance.
Major third, . . . . . 8
Migor third, . . . . . 20
Perfect fifth, . . . . . P

Resulting degree of dissonance of the major triad, 28

which we shall see, when we come to compare it with
others, is but slight, showing an agreeable chord,

‘We must also, in determining the degree of consonance
of & chord, take into account the effect of the additional
combination tones that may be produced by the several
binary elements. The following diagram shows the Tartini
or grave harmonics generated by the three binary elements
of the major triad :—

b & g - I—;%Eﬁ

e r—:F—l:H

That is, the combination tones merely result in the addi-
tion to the chord of two C's below it, which, blending
perfectly with the harmony, do not interfere in the least
with it, but, by strengthening its fundemental note, rather
improve it than otherwise,

A slight alteration may now be made in the form of the
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chord, by changing the position of one note to its octave
above t.hus—-%; -

! &

The latter form is called, by practical musicians, the
Jirst inversion of the major tried, or the chord of the sizth.
We have seen that on account of the similarity between a
note and its octave we consider them in harmony s iden-
tical, and thus the chord remains essentially the same,

The change, however, produces some difference in the

binary elements of the chord. It is now made up of—

A Minor A Porfect A Minor
Third, Fourth, Blxth,

FR——

These are still all consonant, and the chord does not
lose its agreeable effect, although ity character is slightly
changed. The numerical degree of dissonance is—

Miror third, . . . . 20
Perfect fourth, . . . . 2
Minor sixth, . - . . 20
Degree of dissonance of the first inversion of the }
. . 42
major triad .

Agsin, we may take away the lowest note of the first
inversion, and put it an octave higher, thus—g
LA

This constitutes the second inversion, or what musicians
call the chord of the sixth and fourth, Its elements are—

A Perfect A Mejor A Major
Fourth, Third, Bixi

:g ..._......_.f

and its numerical value is—
Fourth, . . . . .
Major third, . . . .
Hﬂjor Bi:ﬂ.'l’ . . - »

f &l
- W e B

Degree of dissonance of the second inversion of
the major triad, . . .
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showing that the chord is agreeable in whatever position
it be taken.

‘We may make many changes in detail, by octave sub-
stitutions or duplications, thus—

Commot
Chord, Invmlm. I.nvenian.

|22 DJ = = &

L
.

AR

-3

A

But, so long as the notes are C, E, and G, the chord re-
mains essentially the same,

Now there iz a peculiarity abount this chord which is
very important, and which belongs to no other. It has a
direct natural origin. It exists, not only theoretically, but
practically and audibly, in the most prominent partial
tones of every brilliant musical sound.

A reference to the table of partial tones on page 40
will show that, taking & fundamental note C, the six first

partial tones of it are = which will be at once

identified as forming the major triad we are now de-
scribing.

It is n result of our daily experience and observation,
that these several notes blend so smoothly and complately
into one compound sound that it is difficult for the ear to
distingnish them separately; and hence this chord has
always been recognised as forming a naturally agreeable
harmeny, and has assumed such an important position in
music,

The existence of the major triad in natural compound
sounds was kmown long ago; but its application to the
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theory of harmony is due entirely to Rameau, and was his
great merit in this regpect.

It was he also who first gave importance to the idea,
that all the varieties of position and inversion of this
chord might be classified as one and the same harmony,
springing from one fundamental note. This idea im-
mensely simplified the theory of harmony; and it has
formed the basis of all modere instraction,

Ramean carried his theory out into a good deal of detail,
endeavouring fo make it explain, not only the common
chord major, but many other facts of harmony. 'We shall
have occasion to notice several of his views hereafter,!

It is a consequence of thig derivation of the major
triad, that one of ifs notes should be of special import-
ance; namely, the note which corresponds with the funda-
mental of the ecompound sound. In the examples given
above, this important note is, of ¢course, the note C. This
fundamental note is now universally called in England
the roof of the chord. It is not clear who first used
the term; but it was not Rameau, who called it by
a more appropriate name, géndrafeur, The word “root”
must have been introduced by some one efter him; and
it is very necessary to understand thoroughly its bearing,
because the ferm, although proper enough here, has been
misapplied in other cases, to the great confusion of the
theory of harmony.

The common chord major consists of certain notes
which spring naturally, in a compound sound, out of a
certain fundamental, in the same manner as a plant springs
from its root; and from this enalogy, the note correspond-
ing to this fundamental may be fairly called the roof of
the chord, We shall have occasion to call this definition
to mind farther on.

! Rameau's original work of 733 M. Ramean, sclaircies, développés ek
is excesdingly prolix and difficult to wimplifiés, par M. D*Alembert, 1753,”
follow ; the subsequent adaptaiion, is mmch prefarable, mnd is the ons

** Elémeons de Musique thécrigue et genoraliy referred to.
pratinue, snivaut les principes de
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It follows from this that the most nsatural and satis-
factory position of the common chord is with the générateur
or root at the botfom ; and for this reason every piece of
music closes with a common chord in this position.

Minor Triad.

The chord next in importance is very much like the
former in appearance, but it has one note changed. The
third from the key-note of the scale iz minor instead of
maejor, for which reason it ig celled the minoer ériad, or

common chord minor, %

It conteing in this position the same binary combina-
tions as the major triad, but arranged differently, thus—

M Perfort
Tl  Thha ROk
iy 7 ——_c - 4

These, put into numerical values, bring out the same degrea
of consonance as the major triad in the same position ; and
this so far corresponds with practice that the minor triad
is always held by muaicians to be a consonant chord,
8till, however, it ia undoubtedly less satisfactory to the
ear than the major triad. One reason for the inferiority
arises probably from the different effect of the combina-
tion tones, or Tartini harmonica. 'We have seen that in
the major triad these are perfectly harmonious. This is
not the cage in the minor triad, as the following diagram
will show, the combination tones being given in black

notes »—

—

It will be seen that among the resultant tones is an

SEEE

g e

Lt

T %
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Ab, which is clearly foreign to the harmony, and gives
harshness to the chord.

But there is another and probably a more powerful
reason why the minor chord is less satisfactory than the
major, namely, that by the substitution of the Eb for the
EY it loses its direct natural justification. It i no longer
prominently suggested by the natural harmonie combina-
tions of compound sounds.

Considering, however, the very general use of the chord,
musiciana have been reluctant to admit that it is an arti-
ficial combination, and many attempts have been made to
prove its natural origin.

One is deduced from the fact that although, as above
stated, the minor triad of the fundamental is not prominent
in the harmonic seale, yet a similar chord does exist in the
series, By referring to the diagram on page 40, chap. iit,
it will be seen that the tenth, twelfth, and fifteenth partiala

= -

of the fundamental sound g give the notes o4~

- _—

forming the chord in question.

But, in the first place, these harmonics are so remote
that they are very seldom prominent enough to be heard;
and if they were audible, it would be scarcely possible for
any ear to separate them from the confusion of neighbour-
ing tones so as to gather from them the impression of a
distinet hermonious combination. Se that, glthough the
minor triad may be conceived to be present in these partial
tones, it is out of the question that it should ever have
been practically suggested by them.

Again, it happens that the nineteenth pariial tone of G
is very near to Ej, and this kas been used a3 an argument
for the patural existence of the minor triad of Cin the
compound sound of the same note; but this harmonic ia
so distant from the fundamertal, that it could never
have been discovered by the practical ear, and could
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have had no influence in determining the origin of the
chord,

Rameau, endeavouring to make the natural harmonics
of a sounding body explain everything in muaic, acecounted
for this chord by pointing out that Ej as a generator would
give G ; and C as a generator would also give G. Hence,
by supposing two generators, the minor triad would be
given by nature, although he admitted it was given “ less
directly than the major triad.”

This is right enough as far as it goes; we take & binary
combination, C @, from one natural triad, and we take
another binary combination, Ep G, from ancther natural
triad, and, rejecting the other notes of each, we put these
gelected portions together. But this is clearly an aréificial
operation, and in adopting it we give up the ides of the
natural derivation of the minor chord as a whole.

At the same time, Ramesu's principle of looking at
intractable chords as combirations of portions of other
chords is a very ingenious, sensible, and simple one; it
will explain almost anything, and it is surprising that, in
the great anxisty ehown by musicians for derivations and
roots, it has not been more employed. We shall see its
applicability to a great many cases as we go on.

Hauptmann makes some curious metaphysical distine-
tions between the major and minor triads (p. 29 ef s¢g.),
which, however, need not be gquoted here. He congiders
the foriner as an active principle, determining or defining ;
the latter as a passive principle, determined or defined,
He likens the minor chord to the branches of the weeping
willow, giving & mournful impression.

Helmboltz has devoted some attention to this question.

He says (p. 454)—

“In the minor chord, ¢ Eb G, the G is a conntituent of tlie com-
pound toues of buth Cand By, Naither Eb nor C occurs in either of
the other two compound tones, Hence it is clear that G at least is
a dependent tons. But, on the other hand, this minar chord can be
regardoed either sa & compound tone of C with an sdded Ep, or & com-
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pound tone of Eb with an added C. Both views are entertained at
different times, but the first uaually prevails. I we regard the chord
as the compound tone of C, we find G for its third partial, while the
foreign tone Ep occupies the place of the weak fifth partial E  Bat
if we regarded the chord as o compound tone of Ep, although the
weak fifth pertial G would be properly represented, the stronger
third partial, which onght to be Bb, ia replaced by the foreign tone
C. Hence in modern music we usuaily tind the minor chord, C Eb
(3, treated as if itaroot or fundamental bass were C, 50 that the chord
appears as & somewhat altered and obscured compound tone of C.
But the chord also oceura in the position Ep G O even in the key of
Bby major, ss 8 subatitute for the chord of the subdominant Ep,
Rameau then ealls it the chord of the Great Sizth,'! and more
correctly than moet modern theoreticians, regarding Ep as its funda-
mental bass.”

He further (p. 552, &) nlludes at some length to the
hesitation which the old composers had to close with a
minor chord ; end thicks it was ultimately only admitted
from a feeling that it waa a chord of the tonic only ob-
scured by the alterstion of the third. He thinks the
peculiar asthetic expression of the minor mode may arise
partly from its imperfect tonality, and partly from the
heterogeneous combinational tones which must accompany
it, as already explained.

English writers on harmony usually give  as the “root "
of the minor triad, C Epb G, without hesitation, from its ana-
logy with the major triad ; but it must be pointed out that
in doing so they lose sight of the original and true mean-
ing of the term roof, which was, undoubtedly, a funda-
mental sound out of which the chord im question would
grow or be developed by the natural compound harmonies.
In this, while following Rameau's idea, they have carried
it too far, and given the term a meaning which he
never intended, and which certainly is not justified by
philosophical ressoning. In fact, there is only one chord
which has a roof properly so called, i.e, the major triad;

t Mr. Bllis tranelstes thin ' Major expression b ' Grande Sixzte,” which
Bixth,” but this is an evror; Bamean's is quits & different thing.



234 THE STRUCTURE OF MUSIC.

if the word is applied to any other combination of notes,
it must be by some other conventional interpretation.

The German writers do not use the torm in the sense
we do, or if they have done so, the more modern onea
have given it up; for Richter carefully avoids any such
use of theterm, The word Grundton, which he occasionally
uses, and which is the only one analogous to it, merely
means the lmwoest mote of the chord in what he considers
its original or normal position! and not, as the English
understand it, an imaginary note indicating a sapposed
vrigin of the chord. The term, for example, would be
quite properly applied to paris of chords in Rameau's
method ; but it would lead, in all cases except the major
triad, to the pecessity of assigning several roots to one
chord, as, in fact, Ramean and Helmholtz have done.

It has been necessary to give somewhat full explana-
tions on this point, beeause the search after what are
called the “ roota of chords ™ constitutes one of the greatest
difficulties of theoretical systems of harmony, and gives
rise, for the most port, to the conflicting theories and
unsatisfactory results which we encounter in them,

The minor triad is the simplest instance of this difficulty.
In the philesophical sense, the chord can have no single
root ; it must have two.

But one is led to ask, Why need we trouble ourselves
about any root at ali? The chord requires no justification,
nor doea its origin need much explanation; it would arise
quite naturally, in the first instance, out of the combina-
tions of notes in the ordinary scale, as brought about by
the movement of the contrapuntal paris. And when
harmony took an independent form, its importance would
be confirmed by its consonant nature. It would be found
that the diatonic scale gave, from its own proper notes,

three major triads, @E and these, being the most

1 Belmholtssays {p. s15)the normal that which arranges their tones s s
position of discords i taken to bs series of thirdse.
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agreeable combinations, would have the first preference;
but the scales aleo contained three minor triads, ﬁﬁ

and these, being also found consonant, would take the
next rank; after which would come the dissonant com-
binations or discords. It certainly would seem that to
seek further justification, or derivation, or proof of origin,
is merely supererogation, and can lead to no useful end.

The minor triad, like the major, admits of two inver-

4
In these the degrees of dissonance, determined by the
binary combinations, are—

For the firet inversion, . . e . . . . 13
For the second inversion, . . P 11
showing that, although the cherd in any posmmn is good,
the degree of goodness varies somewbat with the position

in which it is taken.

Helmholtz has earried farther the investigation how far
the positions of the major and minor triads influence their
smoothness. He haa taken into account other more com-
plicated causes of interference, and has given (p. 332 ¢f sey.)
a list of various positions of the chords arranged in their
order of comparative roughness. He has done this for
the three notes simply, and also for the same chords in
four parts, ¢, with one of the notes doubled in octaves,
A table of the latter may be given as an example—

MAJOR TRIADS,
[ { ] 3 4 [ [ » ] 9 KB 1t
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MINOER TRIADS,

D e e e =

g —iet g

These are numbered in order of preference: the first
being considered the best, the last the worst.

All this is, no doubt, true as a matter of philosophical
ressoning; but it ia not of much importance in a prac-
tical point of view, In all casss where the practical
difference in effect on the ear is material {and it is proba-
bly not very great in any of them), the better harmonies
will recommend themselves naturally to the composer, and
he will use them when he desires.

But music cannot in practice be so limited, and what
are put down here as the harsher souuds, are a5 easential
to composition as the smoother ones. Indeed, the pro-
blem of composing 1nusic now-a-days invelves such a host
of heterogeneocus elements and conflicting considerations,
that the portion of them which can be influenced by these
refined calculations becomes infinitesimally small,

The two chords above deseribed, the major and minor
triads, are the only consonant compound combinations in
harmony ; all others are more or less dissonant. It has
been already pointed out that the notes of the ordinary
diatonic major scale furnish six of these triads, three
major and threo minor; every piece of music uses them
plentifully, and, in fact, they form generally the staple of
musical composition. They have, from their nature, a
character of smoothness and repose, each chord convey-
ing in itself a complete and satisfactory idea to the
mind.

But concords only are not sufficient to meet the de-
mands of modern musical taste, It is not opposed to the
mathetic ideas of propriety, that the smoothness of effect
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produced by coucords should occasionolly be broken,
provided certain conditions be fulfilled; and this is done
by the intreduction of harsher combinations called disso-
nand harmonies or discords,

Helmholtz, in regard to these, says (p. §16)—

% Dissonance cannot be entirely excluded, becauss consonances are
phyeically more agreeable.

“'Though the physically ngreeable ie an important adjunct and
support to eesthetic Leauty, it is certainly not identical witli it. On
the contrary, iu all arts we frequently employ its opposite, the phy-
sicaily disagresable, purtly to Lring the bezuty of the first into
relief, by contrast, and partly to gain a more powerful means for the
expression of passion.

% Discords are used for similar purposes in music, They ere partly
means of contrast, 1o give prominence to the impression made by
consonances, and partly means of expression, not 1nerely for peculinr
a1 isvlated emotiopal disturbances, but generally to heighten the
impression of musical progress and impetus ; beceuse, when the ear
has been distressed by dissonances, it longs to return to the calm
current of smooth harmony.”

Discords are very various in their nature: they may
either consist of real substantive dissonant chords ; or they
may be formed by the intreduction accidentally of dis-
gonant notes, which may occur in various ways, as will be
hereafter explained.

We must begin with the real dissonant, independent
harmonies,

There are great differences of opinion among writers on
harmony, a8 to how dissonant harmonies should be treated
and classified ; indeed, the different “systems"” of har-
mony which have been promulgated chiefly depend on
varieties in this respect, and the greater part of the con-
troversies have had reference therete. These contro-
versies and differences of opinion have almost always
been caused by the search after “roots,” The ides, so
constantly present in the minds of theorists, that every
chord must be capable of derivation from scme particular
note, involves increazed difficulties in regard to discords;
and bas, consequently, led fo more frequent disputes.
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We must, however, here proceed on the principle already
lnid down, that the idea of & single root or generator is
inapplicable, on physical principles, to any chord except
the major triad; and that if it is thought desirable to
refer to roots at all, it must be done on the principle of
Ramean, namely, by dividing the chord off into separate
portions, and assigning a separate root to each.

The dissonant combinations which it is possible to
make on the various notea of the scale are very nume-
rous, and are largely increased when, as is usual in modern
music, chromatic additions sre called in. It will be
desirable briefly to notice the combinations in most
corimon use, beginning with the diatonic chords,

The Dimtnished Triad,
We have seen that consonant triads, either major or
minor, may be formed on six notes of the scale :—

I Q= == = =

But whet about the seventh note? Why is that
exceptional 7 ¥or this reason, Because each of the con-
cordant triads, as will be recollected, had a perfect fifth,
whereas here the fifth, B to F, is & diminished fifth.

Hence this combination E though in appearance

resembling the triads already mentioned, is of a different

chargcter from either of them. Its binary components
are——

A Minor 4 Minar A Diminished
Thurd, Tl.liéd.. Fifth,

[E— Y
- - 1

and the numerical values are—

Minor third . . . . . 20
Minor third . . . . . 20
Diminiched fifth . R . . . 28

Degree of dissonance of the whole chord in this pesition EB
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This, it will be seen, is much harsher than cither of the
sencords in the corresponding position; and as one of the
binary elements is called dissonant, the whole chord is
called a dissonant chord or a discord, and, taking its char-
acter from the imperfect fifth, it goes by the name of the
imperfect or dimintshed iriad.

Another cause of the harshness of this chord is due to
the difference-tones, which are as followg ;=

%:3:: é “:-'_:?f—g

T g T (Il
the difference-tones giving & combination manifestly in-

harmonious.
The chord admits, like the triads, of two inversiong—

fAi—==—2-} all three positions being much used. In the
LE

inversions, the dissonant interval changes from the dimi-
nished fifth to the angmented fourth or tritone. The values
of these will be seen in the general table given hereafter.

The diminished triad has a very peculiar property,
namely, that it determines the key of any musical passage
in which it occurs, the reason being that there ia only one
diminished friad that can be formed in any diatonic scale,

‘We may have (as we have seen) three major triads and
three minor triads: and it is a necessary consequence that
either of these mey belong to three sceles. For example—

The Major Triad of C may belong to ejtber of } C. G or F
the major acales of A

Minor " D - " C, F, or By,
Minor ” E » ” G, G0t D,
Major v F " " O, F, or Bh.
Major - G " » G, G, orD.
Minor " " C F,orG

But this is not 8o wu;h the dmnmshed triad. The series
of notes forming that chord can only belong to one scale,
pamely, that of C major, or its relative A minor; and,
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therefore, the moment we see or hear it we at once identify
the scale to which it belongs. This gives it a great import-
ance in modern music, where the fonalify is such an
indispensable element.

In spite of the nominal dissonance of this chord, it can
hardly be said to be disagreeable to modern eara; on the
contrary, it is one of those most highly appreciated in
modern music. But it was a long time before it got into
use, The early harmonists had the greatest abhorrence
of the dissonant interval it containg. According to Guide's
hexachords, there was no syllable for the seventh, B, and
it was considered to belong to another hexachord, that
of ¢, and was called Mi. Hence, retaining the proper
denomination of the F, namely, Fa, the combination B—F
wos called M contra Fa, and the opinion about it was
expressed in the proverb, “ Mz contra Fa diabolus est !”

It was only in the seventeenth century that the boldness
of Monteverde established, against enormous opposition,
the use of the dominant seventh, of which this diminished
triad is the essence. And now this chord is become one
of the most common and essential in modern music. These
singular changes of taste afford the best possible proof
that the feelinga which give rise to them are much more
governed by essthetic or psychological considerations than
by any natural necessity.

Tke Dominant Seventh,

It is & very easy step from the diminished t;mtd to the
chord called the Dominant Seventh.

Diménlshed Dominant
Baventh

It is formed by adding & fourth note, & major third
below the lowest note of the diminished triad. Or, which
smounts to the same thing, we may begin with the major
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triad on the domipant, and add a fourth nvte, & minor
third above if, thus—

Major Domlnant
Triad, Baventh,

In this chord, which consists of four notes, we geb six

binary elementary combinations—
A Major A Miner A Minor A Perfect & Dminjshed A Miner

Tuird, Tuled. Third. Fuih. Fiith, Boventh.
. vopm—
And the numerieal values of these are—

Major third . . . . ’ 8

Minor third . . . . . 20

Minor third . . . . . 20

Perfect fifth . . . . 0

Piminighed fifth . . . . 28

Minor aeventh . . . . . 23

Degree of dissonanes of the dominant seventh in this
poaition R } ?3_

The two latter are dissonaunt combinations, and hence
the chord, as a whole, ia classed as a discord. Testing by
the Tartini harmonies, we find as follows -~

174 3_ -4
G=2

IE}: - = P _#' = .__g::_—_ﬂ

where the By, G, and Ep are inharmonious.

The chord may be taken in different positions, and it
admits of three inversions by taking different notes in the
bags, thus—

bie

Firsk Hegond Third
Inverpion.  Iwersiom. Inveraton.
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These variations change the dissonant combinations
The minor seventh, by inversion, bacomes a major sscond ;
and the diminished fifth becomes & tritone. The dissonant
values, in the inverted positions, are given in the table,

Asg the dominant seventh contains the diminisled triad
we have just been considering, it also possesses the same
property of defining the key of the passage in which it
oceurs,

It is often pupposed that the term dominant seventh,
means that this chord somehow commands the chord of
the tonic to be heard after it. This is & misapprehension,
The fifth of the scale was, long before this chord was
known, called the dominanf, from its frequently pre-
dominating in the melodies formed on that scale. Hence,
the dominant seventh merely means the chord of the
seventh on this dominant note, without any metaphorical
signification.

Theorists have, of course, tried to invent hypotheses
a8 t0 how this chord is derived. Rameau was one
of the earliest, and his explanation is very ingenious.
He first points out that the two major triads of the
dominant and subdominant suffice to define any key. For

g fi cannot both exist
in any major scale except that of C.

He then says that the object of the dominant seventh
is to add a part of the chord of F to the chord of G, in
order to combine, to a certain extent, hoth chords in one,
and 80 to get one chord which will of itself define the key.

Rameau, however, does not attempt to assert that this
chord is a natural one; he expressly eays it is “un ouvrage
de I'art“—although, for some reason he does not clearly
explain, he considers it * indiquée en quelque maniére par
la nature.”

Helmholtx takes another view. Tt will be seen that in

example, these two chords g
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the series of natural harmonic sounds or partial tones on
page 40, the seventh is set apart as not helonging strictly
to the ordinary musicnl scale, Taking C as the funda-
mental, it is marked as Bb, but it is really somewhat
fiatter than the proper note of this name. The ordinary
interval of the minor seventh has the ratio g: 5, log. =
255; while if the seventh partial tone be substituted it has
the ratio 7 : 4. log. = 243—the difference between them
being about half a mean semitone; or, in other words, the
seventh partial tone, or harmonic seventh, as it is called,
lies balf-way between A and Bb, If we include this note,
eod form a compound tone with the first seven partial

tones, we get the following combination {b s~

B

which

-
corresponds in appearance with the chord we ure now
considering.

Now Helmholtz thinks that, the natura]l or harmonie
seventh being so near to the ordinary minor seventh, the
chord containing the latter “ may be very well regarded as
a representative of that compound tone” And he con-
giders this may be the reagson why the chord of the domi-
nant seventh ia set free from many obligationa in the
progression of parts to which dissonant sevenths are
otherwise subjected, as, for example, being used without
preperation. Of course, under this explanation, the chord
of the dominant seventh may be said to bave a natural
root, being a representative, though an imperfect one, of a
compound sound,

But, it must be observed, he puts this view somewhat
doubtfully, and it is open to considerable difficulty, which
hardly seems to have been fully allowed for.

1t must be admitted that the harmonic seventh makes
an agreeable combination with its fundamental, though the
effect is new to our ears. But this nataral seventh is not
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the note that is actually used in the chord we are speaking
of. This note must belong to the ordinary scale, and must,
by the essential construction of the chord, be a meénor third
above the fifth. And if voices were singing the full chord,
the substitution of the harmonic seventh, half g eemitone
flat, would not do at all; it would be unsingable.

Again, there is this consideration, that if the dominant
seventh represents the compound sound, it ought by
nature to be a concord, as complete and satisfactory in
iteelf a8 the major triad, which is quite contrary to the
usugl understanding.

It would seem, therefore, that Helmholtz's explanation
merely means that there is a natural combination of
notes something liks the combination called the dominant
seventh, and does not go farther.

There are some other varieties of chorda of the seventh ;
and although it is not our business here to give an eluci
dation of all the details of practical harmony, some of
them may be briefly alluded to, in order to show how they
are affocted by theoretical considerations.

In all cases we shall comsider the normal position of
the chord to be that in which its notes are arranged in
thirds. It will not be necessary, except in some speciel
inatances, to give the binary combinations of which the
chords are made up; it will suffice to refer to the table for
the dednced dissonant values.

Magor Triad, with a Major Seventh.
‘We may have a major seventh added to the major triad
of the key-note, thus— { ’¥. Thia may have three

inversions— ®_=5— all used.
The chord contains one dissonant binary element, the

major seventh, which in the inversions becomes a minor
second,
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We have already mentioned, on page 231, a principle
of deriving chords often resorted to,—namely, by search-
ing for them in the natural acele of partial tones, in ex-
tension of the original system of Rameau. He found
that the major tried was contained in the six first partials,
and inferred, soundly and correctly enongh, that thie fact
proved the natural origin of the chord, Some theorists
have attempted to carry this farther, fancying that it cught
somehow to apply to harmony generally.

The chord we are now considering offers an example,
for referring to the table of partial tones on page 40, it
will be seen that the eighth, tenth, twelfth, and fifteenth
gounds correspond with the notes of the chord, which
would be cited as a “natural derivation” and warrant
for this barmonic combination.

Nothing can be said against this faet; but the prin-
ciple, that harmonic combinations generally are to be
considered as derived from, or justified by, the existence
of their notes in the series of partial tones, cannot be a
gsound one. In Rameau's original case the few lower
partial tones are prominently audible, and their bearing
on the popularity in music of the major triad cannot be
gainsaid. But when we get among the higher harmonics,
the case i3 altogether changed, Their tones are not pro-
minent; they can only be heard by an effort, and often
not at all. We know them chiefly by theory; and the
idea that they could ever practically give rise to harmonic
combinations is pure imegination,

Besides, the principle that combinations of harmony
are derived from the series of partial tones, would prove
too little on the one hand and too much on the other
It would prove too little, because there are some chords
in undisputed use that eannot be so derived, there being
no partial tones to correspond with them ; and it would
prove too much, because, if carried far enough, it wonld
sanction combinations that are not only unused, but alto-
gether unusable. The theorist must pick out of the series
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only such sounds as guit his own purpose; which is, of
course, giving up the principle as & logical system.

On Rameeu's plan of combinations, this chord may be
considered as formed by the major triad of C, combined
with a portion of the major triad of G.

Ohord of the Seventh, on the Second of the Scale,
We may next take a chord of the seventh, which
is formed nafurally on the second note of the major

-
scale, thus— 2&% It admits of three inversions.

i,
all very frequently used— Eﬂﬁ The first of

theae is a very important one: it ig the major triad of F,
with a sixth added, and hence it has been given the name
of the “added sixth,” Rameau calls it the “great sixth.”

The chord has one dissonant binary element, the
minor seventh, which in the inversions becomes a major
second.

There has been an enormous amount of disputing
about the “derivation” of this chord. Some theoiists
consider what is here called the first inversion to ba the
normal form, and call the root F. Others, adhering to
the original form, call the root D. PBut it is clear neither
F nor D, used as a géndrafenr, will contain among its
harmonicy &ll the notes of the chord.

Some musicians take another view. From the fact that
the natural triad happens, in its pormal position, to consist
of two thirds superposed, they assume that this ia the
natural way of deriving chords generally. To adapt the
theory to the present case, they further assume a funda-
mental note (i, on which they pila up a series of notes

snd then, selecting from the ‘series the four upper
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notgs which form this chord, they call its root G. But
on this principle, why not seleet the thres upper notes,
forming the major triad of F, and ingist that this also is
derived froma the root G ¢

It is reasonable and useful to write a chord in thirds
as its simplest position, but this can convey no idea as
to its origin or derivation,

Ramean, who attached importance to this chord, con-
sidered it (like the dominant seventh) a combination of
the subdeminant and dominant natural harmenies,

Diminished Triad, with a Minor Sevenih.
We may =dd a seventh to the diminished triad,

thus— @EE which gives a discord in very fre-

quent use,

It has three inversions, ell well known_g) - L8

There are two dissonant binary elements, the dimin-
ished fifth and the minor seventh, which, when inverted,
become the tritome and major second respectively,

It is very common to assume this chord to be formed
by adding & nintkh above the dominant seventh, and then

omitting the lower note; thus— E_: Indeed,

it is sometimes called the Dominant Nintk for this reason,
Richter (p. 65) speaks of this assumption es an inven-
tion of the older harmonists, which is unnecessary and
far-fetched ; and adds that it is much preferable, for
practical purposes, to make all explanations as simple
aa poseible,~—a very praiseworthy opinion.

If any other explanation is wanted than the simple
list of the notes, it may be called, on Ramesu's prin-
ciple, & combination of portions of the dominant and
subdominant triads.
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CHROMATIC CHORDS,

The chords above-mentioned may all be formed from
the notes of the ordinary diatonic scale; but the list may
be considerably extended by the introduction of chromatic
notes, which will give rise to some harmonie combinations
very effective in modern musie.

Diminished Seventh.
In the foregoing chord, if, instead of a major third for the

—po—
upper interval, we put a minor third, thus— @%

we get the useful modern chord of the diminished seventh.
It is worth while investigating this a little more closely,
1t consists of six binary combinations—

A mwinor third, B to D, . . . 20
A minor third, D to F, . 20
A minor third, F to Ab, . 20
An imperfect fifth, Bto F, 2%
An imperfect fifth I to Ap, . 28
A diminished seventh, B to Ap, 24

Degres of dissonance . . . 140

f.., three minor thirds one above the other, two imperfect
fifths interlaced, end a diminished seventh,

It containe no perfect fifth or major third ; and its three
dissonant binery combinations ought, theoretically, to ren-

der it very harsh.
The Tartini harmonics for this chord ara as followa ;—
v . bhe  bes
i g 3 ; = - i g—ﬂ
L ) 1

-

ba o
=== ——— ]
t.e., thres out of the six grave harmonics are discordant
with the main notes of the chord, thereby adding to the
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disgonant effect. But in practice it is one of the most
popular chords of modern music—such is the influence of
habit and education on cur impressiona.

It may take three inversions, ﬁ% all equally

useful. In these one of the minor thirde becomes & major
sixth, the diminished fifth becomes a tritone, and the
diminished seventh an augmented second,

On an equelly-tempered instrument the eonstruction of
the chord is very simple and symmetrical, being the same
in all positions; and it admits of enharmonic changes of
great convenience in modern harmony.

Thie chord is “ accounted for™ by theorists in two dif-
ferent ways. One class derive it from the major triad of
G, with the minor seventh and minor ninth added, and
the root omitted; in reference to which one may merely
remark, with Richter, that such an explanation is unne-
cessary and far-fetched, and regret that so much ingenuity
should be wasted for no good end. Another class derive
it from quite a different souree, namely, from the dominant
seventh in the key of Eb, but having, as they express it
the root Bb “ chromatically sharpened,” thus—

B

But this explanation involves the curious misconeeption
of the nature of chromatic notes, mentioned on page 140
To consider BY as “ By sgharpened” is a gratuitous and
unfounded assumption. Bj is altogether a new and in-
dependent note, having no relation to Bb at all, beyond
the accidental circumstance that, from the scantiness
and imperfection of our notation, it happens to occupy
the same position in the stave. If this principle were
true, it would only be necessary to screw up the Bb a liftle
more, making it C, or D, to prove that C and D were only
“ Pb sharpened,” which would be absurd. Bfis a note as
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completely independent of Bb as C and D are. Hence the
explanation merely asgerts that the note Bb is removed,
and a new note is put in its place, which is obviouely no
explanation at all.

If we are to.peek any derivation of the chord, it may
most reasonably be found on Rameau's plan, by considering
it to be a combination of two diminished triads, one on the
leading note of the scale of C, the other on the leading note
of the scale of Eb, thus—

Augmented Triad,

We have ssen thet the diminished triad is formed of
two minor thirds. There is another analogous triad,

formed of two major thirds, thus— %@—:ﬂ Itis

called the augmented iried. It contains one dissonant
binary element, that of the augmsented fifth.

I't admits of two inversions, both much used—':(
®

In these the augmented fifth becomes a diminished fourth,
and one of the major thirds a minor sixth. On an equally-
tempered instrument the chord is the same in all positions.

Some theorists consider this chord as a mere veriation
of the msajor triad by “sharpening” the fifth; but
the fallecy of this idea has already been pointed out,
the G§ being not “ G sharpened,” but a distinet and in-
dependent mote. On Rameau’s principle, it may be said
to be & part of the major triad of C, combined with a part
of the major triad of E.

Augmented Priad, with o« Major Seventh.

In the same manner as we have added sevenths to the
major triad, the minor triad, and the diminished triad, so
we may add seventha to the augmented triad.
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This also, on

¥irst, the major seventh—

Rameau’s plan, would be & combination of the major triads
of Cand E.

Avgmented Tried, with ¢ Minor Seventh.
Or we may add the minor seventh thus— @ypPe—

As, however, in thia position, the G§ and Bb clash very
awkwardly, it is more customary fo use it in one of its

inversions; thus— ¥ -
s =
This is a very powerful chord; it was used by Mozart,

and is a pgreat favourite with modern writers, M,
Gounod especially.

Augmented Stxth,

Another chord of the greatest power in modern musie,
and by means of which the finest effects have been ob-
fained, is that known as the Angmented, or extreme
sharp, Sixth. This chord iz of complex structure, and
requires careful explanation.

The principal element of the chord is the binary com-
bination from which it takes its name, To this, however,
have to be added other notes, which may be varied in
different ways, forming different varieties of the general
chord, each variety having a special name,

5. The Falian Augmenied Siaih.

=

This, made by adding a major third to the lower note
of the characteristic interval, is the simplest and most

elegant form.
2, The French Augmented Sixth,
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This is formed by adding a second major third below
the upper note,
3. The German Augmented Siath.

ﬁ

This is formed by giving the complete major triad on
the lower note, and adding the augmented asixth above
it. On an equally-tempered instrument it consists of
exactly the same notes as the dominant seventh on F;
but, of course, when the notes are correctly given, the D
is different from the Eb.

There is a fourth form, namely— @% but this

has been already considered as a modification of the aug
mented triad. .

The chord of the augmented sixth has given rise to
several so-called explanations and derivations; but they
all generally involve the “accidental sharpeming” or
“accidentel flattening,” of some note, which we have
already objected to.

Rameau's principle of explaining chords by combina-
tion might very well be applied here,

The Italiau and German forms on this principle

would be g&gﬁ'&ﬂ:ﬁ;ﬁéﬂ .., each a eombination of

part of the major triad of F with part of the diminished
triad on Df.
The French form would be @ﬁ a combination

of parts of the major triads of F and B respectively.

Helmholtz gives an ingenious explanation by detecting
in this chord a remnant of one of the old Greek modes,
the Dorian,—

and he says the interval of the augmented sixth. taken
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in conjunction with its usual resolution, suggests a com-
bination of the Dorian descending cadence with cur modern
ascen.ding one, in the same key, thus :—

Yy = r__m_:ﬂ;
1 I — ¥ |

&l

%

There are other combinations of dissonant harmenies;
indeed, almost any combination of notes may be used by
bold and elever composers. As, however, the object hare
is not to give a somplete treatise on harmony, we need
not go further into them.

The following table exhibits the comparative degree of
dissonance of all the chorda mentioned above, caleunlated
for their different positions in the manner already ex-
plained. It does not, however, teke into account the
effect of the combination-tones.

COMPARATIVE DISSONANCE OF CHORDS.

The normal position is, in all caees excapt the augmentsd nixth, the posi-
tion where the notes lie in thirds alove esch other.

;‘;‘:ﬁ;_ INvERIIONN MErin.
CONCORDA,
Major Triad... . 28 42| 13 28
Minor Triad... [UTURTRROSUUURTON I--- 13| 42 28
DISCORDS—THREE NOTES.
PDiminivhed Triad... worssnannan| 68 431 43 51
Augmented Triad,.......cciceverennnnnd  §5 53] 53 53
Italian Augmented Su:th ................ 43
DISCORDS—FOTUR NOTES.
Dominant Hsventh.,, 122 | 85| 83 o7
Major Trisd with Ha_]or Seventh ...... ?3 1z0 | 93| 120 || 103
Beventh on Supertnnm .................. 71 65 65 T4
Beventh on Leadi Nots... R 99 83 s | 122 o7
Diminished Beven rrerienarenanl 140 15§ | 1O7 § 115 119
Augmented Triad wlth Major Beventh| . T
»” " Hor Seventh ' .y s . !2;
French Augmentsad Bizth...... s e er - o || 103
German Augmented Sixth. ..aveenennd e b see | aa 8y
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ACCIDENTAL DIssoNANT NOTES,

The chords we have been considering are all legitimate,
substantive, and independent combinations, consisting of
notes that must be studied in their proper bearings one
to another.

But there are dissonant harmonies of another kind, very
sommon in modern musie, which are due to the introdue-
tion accidentally of dissonant notes, forming no part of

. eny legitimate substantive chord.

Az in all other matters eonnected with harmony, these
dissonances have given rise to many theories and dis-
cussions, When, however, we lock at them from a
philosophical point of view, we find them by no means
difficult of explanation, or requiring any recondite harmo-
nical hypotheses.

Their use depends on an ssthetical principle, which
is perfectly well established in anslogous cases, and
which can easily be shown to be also applicable here.
This principle is the same that has been described, for
another object, on page 43, namely, that the senses are
inclined, in the presence of impressions which are specially
prominent, to overlook others which are less so. Every-
body knows, for example, how a certain bright colour will
“kill” (as the expression forcibly puts it) others which,
if presented alone, would make perhapa a strong impres-
sion. And we may find an abundance of instances, in all
sorts of transactions of everyday life, where, if the mind
is actively directed to one thing in particular, other things
present are almost entirely disregarded.

Now, in modern music there are a great many things
offered to the attention of the mind. The whole com-
position iz made up of several different elements. There
is motion in pitch and motion in time, both offering all
sorts of attractive melodial variety; there are harmonie
offects, contrapuntal effects, effacts of varieties of tone,
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and 80 on. The listener has to observe and appreciate all
these; and experience shows that if special interest be
offered in any particular direction, the mind insensibly
attaches predominant imporiance to that, and will pay
far less ettention to others.

It is a legitimate application of this principle that the
ear will tolerate temporary dissonances without displea-
sure, if they oceur at the time when some interest of
another kind is offered to the mind; and, under this con-
dition, it matters little what the dissonances are, or what
relations they bear to the consonant parts of the harmony.

Some examples will explain this much better than it
ean be done in words; and we may specify several modes
of application of the principle in question, all well estab-
lished in practical music,

The most cominon mode of introducing accidental dis-
sonant notes is as & consequence of melodial motion. If
a florid melody be played or sung, and accompanied
by simple harmonies slower in change than the notes of
the melody itself (which is usually the case), then the
melody will probably introduce a great number of dis-
sonant notes that clagh with the harmony.

But as the mind is pleasurably occupied by observing
the melody, it allows thege dissonances to pass without
receiving from them any disagreeable effect. For ex-
ample—

. a,'._:ijl__j_lnijif'll.
—— =

Here the notes marked ¥ are dissonant with the har-
mony ; they are usuaily called pzssing noles, and practical
rules are made for their application, Profeasor Macfarren

8
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says (“ Lectures on Harmony,” page §9):—* Were it not
for the employment of passing notes, all music would have
the gravity of psalm tunes; all lightness, all grace, all
freedom in melody result from a judicious use of passing
notes. This was the earliest deviation from the primitive
form of plain or simple counterpoint in note againat note,
and itg introduction is aseribed to John of Dunstable, who
lived in the first half of the fifteenth century.”

The principle of the existence of these passing notes is
clearly the esthetic one above-named. The dissonances
are there, but the mind refuses to notice them, being
occupied with the more prominent attraction of the melo-
dial movement,

Thia sort of dissonance ocours very frequently and pro-
minently in music of many parts. The ear and the mind
become so interested in the progress of the different parts
of the composition, that they readily overlock dissonant
harmonies which are brought about by the melodic pro-
gressions, particularly if these progressions are in them-
selves striking and effective. The following example is
from a madrigal by Luca Marenzio, 1580 :~—

|
%ﬂ ‘I:—I:’"'*dn
"‘-LJ 3 '

|
#P.d‘."i '_'1' +,_p_'£:-“.‘£5'

_f

. IJJ-I"l‘Am’

And it is worthy of observation that this was the way that
discords firat came into use. For counterpoint furnished
the first harmony, and at & very early period the discords
grising from the progressions of the parts were allowed to
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pass a8 a necessary consequenca of the construction of the
musiec. s

Richter fully admits this principle; for he says em-
phatically, that a good “Stimmfithrung” (ie, good
writing as regards the melody of contrapuntal parts)
will cover & maultitude of effects in harmony which
would be otherwise sins

Dissonances will naturally result from the ornamenfa-
ion of melodial pagsages, by appogieturas or ctherwise,
as in such cases as the following :—

P N—
o
] [

The dissonances in the following examples, although
sometimes very harsh, are concealed by the interest of
the melodial motion :—

=R Ea FE FE
—g- e [
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ECuyMany.
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In the following passage, from one of the most

meludivus of Mozart's airs.—
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the notes, E, ¥§, Gf, A, B, are all sounded together on
the accented part of the bar; and yet so beautiful are the
melodial features that no one ever notices any harshness
in the effect.

Another and very common mode by which dissonances
are accidentally introduced, is by causing a note belonging
to ons hermony to be suspended into a following oue,

-
thus— %:_—-_3 -11_3__‘H Here the mind is occupied aud

-
gratified by the device of the suspension, and so overlooks
the dissonence in the harmony.

The following are examples of a more dissonant effect :—

4"9*‘——4—7’_:;—-4—11——&,-: !_,—'_ I

W‘—'—"—u—t— -

{ —B———% —\.‘:,%
SS====

Dissonant notes may also be introduced in the contrary
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way, namely, by what is called anticipation, <.c, by allow-
ing an element of @ harmony to enter on one which pre-
cedes it; for example, it is very common at the close
of & piece to anticipate the final chord before its tims,
thus—

i—i—} M o e =
R e
g §

In all such cases the ear, attracted by the melodia}
effect, quite ignores the dissonance.

Accidental disgonances may further be introduced by a
long holding note, called a Pedal note, For example—

ki
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The origin of this is that an organist, holding on the
bass note by a pedal key {whence the name), would play
a series of changing harmonies above it, and the mind,
impressed by the striking feature of the holding note,
would jgnore all the dissonances brought about by it.

The pedal note has, however, been extended far be-
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yond its original meaning, as, in modern musio, it is
common to introduce long holding notes, foreign to the
changing harmonies, in any position. Beethoven, for
example, has, in the slow movement of his symphony
in C minor, passages where an upper Ep is sustained
against the harnonies of Ap, Dy, and By successively, with
melodial figures, in the lower parts; and many other
similar examples of holding notes, both in the upper and
the middle parts, may be found.

M. Gounod has, in one of his songs, this fine pagsage—

Here the intrusion of the G§ into the second bar, where
as a matter of harmony it is quite out of place, is the result
of its Leing sustained as a “ pedal note " in the inner part.
I# it shonld be argued that the harmony of the second bar
may be considered the minor triad of c#v including the G§,
then we have the feature of the melodial march of the bass
through A and Af, both foreign notes, which is still only
another example of the same =msthetieal principle of cover-
ing dissonance by prominent features of unusnal attraction.

Sometimes two pedal notes, usually a fifth apart, are
sustained together.

In the fellowine paasage, the chord at * contains every
note of the scale, all seven sounding simultaneously and
sforzando, and yet the effect i quite tolerable; the mind
seizes on the fect that the upper two notes are sugpen-
gions, and the lower one & “pedal note,” and so the interegt
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of these covers the strong set of dissonances, which, pre.
sented heterogeneously, would be unendurable:—

. ' | '.; A
S 4 'm‘:f:J::’"TiH

iy ————

Iz

It i a curious example of what loose statements will
pass for reasoning in mugical matters, that it is often
thought aufficient, in order to account for the tolerance
of these accidental discords, simply to name the mode in
which they oceur, Thus we hear it said that discords are
allowable because they occur in passing notes, or in appo-
giaturas, or in pedal passages, &c. Or if any further expla-
nation seems wanted, it is added that nature approves of
them in such places,—just as the old philosophers de-
clared that “nature abhorred a vacuum.” The question
why discords should be more tolerable in such places than
in plain cliords, seems never to have presented itself,
and yet the answer is so simple {
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CHAPTER XIX.

HARMONY CONTINUED,

D,— Harmonic Progressions,

In the last chapters we have been considering the si.
muliangous combinations of notes used in our modern
musie, But there is another and very essential part of
harmonic doctrine to be taken inte consideration, d.e., The
nature of the progressions jfrom one comlination of notes lo
another.

This i3 quite a distinet matter from the former; and we
know, by the commonest experience, that the contraste
arising from these progressions influence our musical sen-
satious in o most impertant degree. In fact, it is by the
progression of harmonies that fine music is distingunished
as much as by any other feature. For this reasou, writers
on harmony consider it as essentisl to give rules for har-
monie progressions as for harmonic eombinations of notes;
and it i8 our business, therefore, here to inquire what
grounds or justifications there are, on natural and philo-
sophieal principles, for such rules.

The guestion to be considered and answered is, May wo
proceed freely from any combination of notes directly
to any other combination? If not, why ?—and what are
the principles that should guide our progressions ?

There would appear to be only one reason why we may
not, after any chord, proceed to any other chord we please,
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namely, that the new combination of notes should have
some sort of relation to the preceding combination,

This is not simply an arbitrary musical idea; if it were,
we should be falling into the error we have so often
striven to aveid and to correct, £, Teasoning ex post facis,
by what ie, instead of what ought to be. It is & rule
existing in many other cases that the sequence of ideas
must be connscted and logical, and that abrupt transitions
are, as a rule, to be aveided. In literary composition this
18 ezpecially so: the mind expects that, unless a positive
and intentional break intervenes, what follows shall have
a relation to what precedes; and the harmeonie principle
of progression is only an adaptation of the mental require-
ment here involved.

It does not follow that these relations in harmony
should always be fully preserved ; they may be relaxed, or
occasionally, at the pleasure of the composer, dispensed
with altogether. In the analogous cases we are often
pleased, rather than offended, by startling and unexpected
contrests judiciously contrived. But the exceptions only
prove the rule—that the mind, in the ordinary course of
things, prefers that in harmonie, like other progressions,
some definite and logical relations should be preserved.

‘We have, therefore, now to inquire what these relations
are, which one combination of notes may bear to another
in juxtaposition,

Chords may be related to each other in several ways,

Jn modern music the simplest and most obvious rela-
tion is, that they shall have the same tonality, 1.c., that the
uotes of which juxtaposed chords consist shall belong to the
same key and the same diatonic scale.

It has been pointed out, in the last chapter, that several
different concords may be formed on the various notes of
any diatonic scale, and these sll bear to each other the
relation in question. Hence (omitting for the present the
case of discords, which will have special consideration
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hereafter), if we pass from any concord to any other be-
longing to the same key, thug--

{,, =S SR

= - =]

the mind accustomed to modern music recognises a rela-
tion which warrants the transition.

The violation, however, of this relation is exceedingly
common, producing what is called modulation, 1., passing
from a chord in one scale into & chord belonging to & new
one. There are many ways of doing this, which are ex-
plained in practical works., It will suffice here to illustrate
the most simple way, as it involves a curious prineciple,
namely, the essential preservation of the principle of tonal
relation while making the change.

Thus, take one of the simplest and most elementary
modulations, from the key of C to that of G—

{ j”ZF@_Eﬁ

===
Here at the third chord we take a combination which
is not in the scale, and thus appear to violate the tonal
relation,

But the real theoretical interpretation of the passage is

as follows 1—

Sonle of C.  Besle of @,

ooee—
o

That is, when we are on the chord of G, we get what ia
called an equivocal chord, which belongs both to the scale
of C and that of G. 'While, therefore, we are on this note,
wo suppose the scale to be suddenly changed; and this
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enables us to pass to the new chord, keeping up the tonal
relation between the {wo. This is the principle of most
of the simpler varieties of modulation, and a very ingeni-
ous ons ib is,

At the same time, it must be admitted, that in modern
music the devices of modulation are often so abrupt and
eccentric that it is difficult to reduce them to any rule;
and in these cases we can only fall back on the general
principle, that the departure from the tounal relation is
addressed to the mind as an exceptional and abmormal
stimulus from which, if judiciously contrived, more
ssthetic pleasure may be given than by an adherence to
the more ordinary routine.

Another kind of relation :etween chords is their having
one or more notes common to both, thug-—

=

This clearly and na.t.umlly tends to render smooth to
the ear the passage from ome chord to another. It is
accordingly often insisted on in the rulea for the stricter
kinda of composition, although by no means an imperative
condition in music generally.

Then there is another relation of & more recondite and
hidden character; consecutive chords may be related to
each other through the means of compound harmonic com-
bhinations,

This was one of the harmonic rules devised by Rameau,
and it was the foundation of his famous invention of
 Dasses fondamentales,” which, from the singularly phile-
sophical and happy explanation it affords of some of the
most important relations of harmony, it is necessary here
to explain.

In giving rules for the progressions of harmony,
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Ramean assumes for each chord what he calls a
“ Fundamental Bass,” by which term he means the true
generator, or root, of & natural harmony contsined in the
chord, na explained on page 2z9. Thus the chord C, E,
G, however it ocenra, is assumed to have the “funda-
mental bass” C;—E, G§ B, has the fundamental bass E,
and so on, He then lays down the proposition that it is
most natural for 4 fundamental baas to move in particular
ways; and that this motion will, consequently, determine
the most natural relations between successive chords,

Now, the ways in which the fundamental bass may
move are determined by the natural harmonics of a
sounding body.

The most prominent harmonic iz the ocfave, but of
course this must be neglected for this purpose, as such
& motion of a fundamental bass would produce no new
harmony. The interval next in natural order ia the fifth,
dictated by the next in order of the series of natnral
sounds; and Rameau takes it for granted that the most
natural motion of n fundamental bass to produce a change
of chord iz by an interval of a fifth. TFor example, suppose
the bass to be sounding C, then as G is (after the octave)
the firat note dictated by nature from C, the progression
of the buss from C to G is the most natural. Hence, a8
the bass iz in each of these ceses accompanied with its

major triad, we get this harmonic progression J | 3:H

as the most natural one possible, ”
It is also reasomable to suppose that the bass,
baving risen to G, may go back again to its original

place, which will give the progression ﬁﬁ%

as also & natural one, :a_—__:rz:ﬂ

But we may apply this latter proposition in another
way. The note C is the most prominent harmonic heayd
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(after the octave) in the natural ceries given by the gene-
rator F, and therefore the bass, being supposed to be on
this C, may move back to F, carrying its triad with it,

which gives this progression { @ as also a

5

natural one, being analogous to the former examples.
This may also go back to C,

Thus we arrive at these progressions as the most natural

possible—
=
b 2 g |

ol |

In other words, the dominant and the subdominant har.
monies are those most nearly related to the tonie, in
consequence of purely physical reasons.

It is unnecessary to tell any practical muasician that
thig is justified by experience, as the fact of this intimate
relationship has been one of the most prominent ever
since harmony lad any substantial existence, although no
explanation was given of the fact before that offered by
Rameau. These three chords contain between them every
note of the scale; they form the foundation of the modern
tonality, and are used most frequently in every piece of
musie, serving to impress the key on the mind, and give
unity to the whole.

It is an emphatic comment on this doetrine that these
relations are, in ordinary music, always used at the close
of & piece. What is called a closing eadence, is simply the
use of one of these related chords before that of the final
tonic, thus—

Autbentlc Gadence.  Piagal Cademes.

e
e
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Rameau works out his plan of fundamental basses
further, but it i8 unnecessary to follow him. What has
been said is enough to show how the relations of chords,
dictating their progression, may be deduced on acoustical
principles from the natural partial tones of compound
sounds,

The principle above arrived at will serve to explain the
preference given in modern music to the particular octave-
form known as the ancient Gresk Lydiar, and which forms
our present major diatonic scale.

‘When harmony became popular, it was soon found, on
Ramean’s principle, that the harmonies of the dominant
and subdominant were the next in importance to that of
the key-note itself; and the Lydian mode is the only one
that makes all these three harmonies perfect mafor triads.
The following table shows this :—

:gs g
u-— ‘“
hgﬂ Ancigut Greek Oclave- Touie Dominuné Bubdominant
2g% Futinu, Harmony. Harmony. Harmony,
=
g&
588
C | LYDIAF .ooiivinnnnns Pearfeot 5th Perfect 5th Parfect gth
{Modern Major} Major 3d Major 3d Major 3
D | PHRIGIAR ..oviieee,. Perfoct §th | Perfect 5th | Ferfect 5th
{18 Church Mode) | Minoy 3d Minor 3 Major 3d
E | Domiav ...... Perfeot gtli | Iinperfect 5th | Perfect gth
{3d Church Mude) Miner 3d Miver 3d Miser 3
F | Hreo-Lynun......... Perfect §th | Perfeet 5th | Imperfect 5th
(5t Chureh Mode) | Major 3d Mujor 3d Minor 34
@ | Hreo.PArYGIAX..... | Perfeot gth | Perfect 5th | Perfect gth
(7th Church Mude) | Major 3 Minor 3d Major 3
A | Hyro-DoBIAN,...u ... | Perfect gt.h Porfect gth | Perfeot 5th
{Modern Minor) Migor 3 Minor 3d Minor 3d
Imperfect §th | Perfect 5th | Perfect 5th
B | Mixo-LYDliN ..., { Minor 3d l[njor 3d Minor 3d




2o THE STRUCTURE OF MUSIC.

‘We may further see a very probable reason why, in the
desire for variety, the Hypo-Dorian came to be chosen as our.
second modern mode, the minor; for that gives the tonic,
dominant, and subdominant harmonies all minor iriads,
go forming (while keeping the fifths in all cases perfect)
the moat striking contrast to the major scale.*

The foregoing remarks apply to chords generally; but
there are certain special relations attending the use of
discords, or dissonant harmonies, which arise from their
peculiar neture. These apecial relations are considered of
great musical significance, in a practical point of view,
and they form a very importent feature in ull treatises
on harmony.

It is generally said that discords require something
gpecial before them, and something special after them.
Or, a8 it is usually expressed in musical pavlance, they
require to be prepared, and resolved. We shall have
something to say about the preparation hereafter; but
88 it is of minor interest, we may here deal with the
more important element, the resolution of discords, which
is considered strictly an affait of harmonic necessity.
And although the rules have, in modern days, become
very lax and wide, yet there is, undeniably, & feeling
among musicians generally that a dissonant chord
requires something after it specially related to itself,
in a different way from any of those we hiave been con-
sidering.

Indeed, so firmly rooted is this idea in the practical
musical mind, that it is customary, in some books on
harmony, to make this supposed necessity the very
definition of a discord. It is said that a consonance or
concord is & combination which satisfies the ear of itself,
giving a complete and satisfactory musical idea, withount
it being necessary for any other harmony to follow it;
whereas a dissonance or discord is supposed to give an

* Bee also Helmbolte, pp. 378-380, 450-461, 464457, 567.
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sncomplete musical idea, which does nol satisfy the ear
until it gets its proper following chord.

But, logically speaking, this definition is entirely
begging the question, It is the old argumentum ad
aurem over again. People are accustomed always to
hear discords remolved, and therefore have come to
assume the resolution to be & necessity; whereas, this
necessity 18 the very thing we have to inquire into, and
to prove, if possible, by independent means,

Let us therefore inquire & little more strietly intv the
nature of the feeling which appears to demand the resolu-
tion of a discord. Ts there any foundation for it in the
physical nature of things? Or is it, like 8o many other
musical rules, merely wmsthetical? Can it be traced to
any definite principle ?

In order to examine this in the clearest way, it is
advisable to reduce the problem to its simplest form:
let us go back to first principles, in the elementary
harmony of two notes. It is only in this way one
can disembarrass the question from the complications it
acquires in actual practice.

We have seen that there are certain hinary combina-
tions which are esteemed consonant, and that all others
ere esteemed dissonant, The latter differ from the former
in a way which has been explained, namely, that they
sound rougher, by reason of the beats that they ceuse.
This ia absolutely all the difference, in & physical and
physiological point of wview, that characterises disso-
nances.

Is, therefore, this roughness of the combination suffi-
cient to constitute a physical reason why it should he
followed by any other particular combination ?

Surely not. The roughness is a mere isolated fact,
having reference to that particular combination and
no other; and we may safely defy any ome to show
any necessary physical conpexion between the beats
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producing this roughness, and any fact or factor ap.
pertaining to the chord that follows.

If, therefors, this is 80, we must come to the conelngion
that the necessity for the resolution of discords is based
on some foundation of another kind. We are, in fact,
driven to ascribe the feeling to eesthetical causes; and
when we thus get on the right scent, we shall not have
muach diffioulty in finding the explanation,

There is every reason to belisve that the feeling of
the necessity for the resolution of a discord arises
gimply from the natural desire of the mind to rest wupon
agreeable impressions, rather than on disagreeable ones.
This fesling is manifested in other branches of seathetics
in a great variety of ways, We tolerate disagreeable im-
pressions, and often rather like them, if they are tamporary,
but we expect them to be followed by more agreeable ones
on which the mind can repose. We do not object, in a
novel, or a dramp, or & poem, to situations involving
anxiety and distresa; they rather give interest to the
action; but we expect them to cease, and to resolve them-
selves inte more settled and satisfactory conditions.

A prominent manifestation of this feeling, in music, is
in regard to the close of any piece or any long phrase. It
is essential that such a close must be upon a concord, te,
a combination giving a naturally pleasant impression,
And, so importent was this considered by early writers,
that they often objected to even the minor triad for this
purpose, and in pieces in the minor key changed the last
chord into major, so that nothing but the most satisfactory
effect possible should end the piece.

Now, it would seem to be an entirely analogous fesling
which leads us, when we hear a dissonant combination, to

. tolerate it for the time, and even to admire it as a distrac-
tion ; but to insist on the condition that it shall be only
temporary, and that, s soon as may be, a more agreeable
sensation shall follow to satisfy and soothe the mind,
This appears to offer a sufficient explanation of the feeling
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of incompleteness which is attached to dissenances, and the
rational existence of which we must admit. We have
only to show that it is not & physical necessity, but arises
out of the msthetical prineiples that guide our mental
sensations,

Haupimann expresses this ides, but somewhat obscurely,
when he says (p.6), “The triad is consonant for uncul-
tured as well as cultured persons; a dissonance requires
o, resolution for the non-musical as well as for the musical
hearer; a discordance is sgomething unmesning for every
ear,”

Helmholtz supports this view. He says (p. 514), * Dis-
sonances are used generally to heighten the impression of
musical progreas and impetus; because, when the ear has
been distressed by dissonances, it longs to return to the
calm current of pure consonances,”

But musicians will remind us that this explanation does
not go far emough, It is not sufficient that the discord
should be followed by a concord; the usual ides is, that
it must be resolved in a particular way. This part of the
question is more difficult than the former one, but still it
admits of reasonable aclution. It will simplify mattera to
confine our attention to the most elementary binary dis-
sonances, a8 the manner of their resolution is clearer than
when more complicated chords are used.

The rules for the resolution of dissonant notes are beat
explained by considering their historical origin. They
came into being when music was chiefly vocal, and they
were adapted in the most favourable way to the necessities
and conveniences of the execution of music with the voice,
They do not stand alone in this respect, for the contra-
puntal rules generally were formed in a great measure for
convenience in singing. In fact, as Richter remarks (p.
100), in strict counterpoint, even now, the parts are as-
sumed to be vecal. Hence a rule arose that the passage
from a discord to its following concord should be made

8
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in the easiest way, and this way was naturally by single
steps, diatonically, such steps being the easiest possible to
take. In the early times a discord was considered an
unusual, and, to a certain extent, an unnatural thing,
involving an unwonted effort to the vocal powers to intone
it properly; and hence the other old ruie we have men-
tioned, that & discord should be prepered, i.e., that the
discordant note should not be taken by skip, but should
exist in the preceding chord, Similarly, when the voice
was upon the note, there would naturally be the same
difficulty found in leaving the discordant sound as in get-
ting upon it, and this would lead to a desire to make the
step as easy as possible; whence the rule for resolution
upon an adjoining note,

Some examples of the acknowledged resolutions of the
two-note dissonances will show that this explanation fully
corregponds with the fact:— . » . ”

Minor Becond. l[\im' Semd. Bevond. Fifth,

A‘J__ill_aq_-__‘g = " 1
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Barenth. Minor Beventh. Major Baventh.
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In all these cases one of the notes remains stationary,
while, in order to get off the discord, the aother moves one
degree on to & note which will produce & following concord.
This is evidently the easiest thing for voices to do, and it
iz most resscnable to infer that this facility has been the
origin of the mode of resolution.

Thera are some dissonent binary combinations in which
both parts usually move. For example, the diminished

fifth % or its inversion, the tritone, @
i
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and the augmented sixth —f These resolutions,
B

however, are determined by more complex motives of the
progression of the entire harmony, of which we shall speak
by and by.

A few passages from Helmholtz may be quoted in sup-
port of the prineiples above laid down. He says (pp. §516-

538, 548—550) :—

#'When dissonances ave interspersed, the motion of the parta must
be so contrived a3 to iuake the directions of the different melodial
parte or voices perfectly easy to follow by the ear. Hence there
are perticular rules for the progression of these parta through
discords.

% The motion of the parts mmst be so condueted that the hearer
can fexl throughout that the parts are pressed forward through the
dissonance to a following consonance ; and the anticipation of this
approach is the only motive which justifies the existence of the
discords,

“The dissonant notes of & discord form no part of ita proper maes
of tone, but may be considered ne eounds unconnected with it
accidentally ¢néruding ; hence particular laws have to be observed
for the progression of the parts which contain this note,

“The feeling for the natural relations of such a dissonant sound in
almost overpowered by the simultanecue sound of the other tones,
and both singer and hearer are thrown upen the gradaal diatonie
progression as the ofly means of clearly fixing the melodic relations
of such a dissonant note, Hence it i gemerally necessary thata
dissonant note should enter and leave the chord by degrees of the
scale.”

Then Helmholtz explaing why dissonant notes are
most usually resolved by descending; he says descending
motion is better suited than ascending motion to an
extended note, for heightened pitch always gives in-
voluntarily the impression of greater effor!, becanse we
have continually to exert our voice in order to reach
or to sustain high tones. Illustrations of this are met
with every day in the constant tendency of voices to
get flat in ainging or in reciting upon a fixed musical
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tone, It is a singular fact that even trained singers like
those in cathedral choirs usually find it impossible to
intone a prayer without sinking considerably in the
pitch of the note used; and it is a great feat for even
picked artists to sing through a vocal unaccompanied
piece without ending on a flatter piteh than they began.
Faoilis descensus is a thoroughly acknowleged principle in
ninging, and hence, if a singer has to get off his dizcordant
note in the easiest manner, its descent becomes a matter
of course. The note, as Helmholtz says, seems to yield
in this way, and the descent becomes more analogous to
the idea of repose which it iz the object of the resolution
to ensure. The few exceptions where a discordant note
is quitted by ascent, are chiefly in those cases where the
resclution can be got in that way by a smaller step, namely,
n semitone, and therefore by an easier gradation.

We have hitherto only treated of the simplest resolu-
tiona of two-note dissonances. 'When we come to consider
the resolutions of full discords of several notes, we have
to take into account not only the movement of the sepa-
rate notes, but also the progression of the harmonies, and
here the general rules as to the progressions of harmony
come into play. For as dissonant chords always contuin
some concordant elements, these have to be studied in
their relationship to the chords which follow them, as
already explained. Take, for example, the simple discord
of the dominant seventh—@G, B, D, F. It contains the
major tried of the dominant, which, according to the
principle of Ramesu's “ Basses fondamentales,” is most
naturally succeeded by the chord of the tonic, C, E, G.
This, therefore, may be eaid to form the most natural resolu-
tion of the dominant seventh; and,ir accordance with the
before-mentioned prineiples for the treatment of the dis-
cordant note F, the easiest mode of its resolution will be
for it to descend diatonically one degree upon the third
of the new chord E. In regard to the movement of the
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other notes, the G, representing the bass, most naturaily
moves to C, and the B finds its nearest and easiest pro-
gression in the semitone motion to ¢. The D may easily
move a degres either upwards or downwards. This ex-
plains why, in the resolutions of the two-note combina-
tions of the diminished fifth or the tritone (elements of
the dominant seventh), each of the two parts haa to move,

This kind of explanation will apply to dissonant chords
in general, and it may now be easily seen that the resolu-
tions of discords are governed by two reasonable rules:—

First, That the following chord should have a good and
eagy relationship, in a general sense, to the preceding one;
and,

Secondly, That the dissonant notes shall pass by the
eagiest and simplest motions to their places in the next
chord.

This is teally as far as philosophical first principles
ean go; the exact details of resolution must be in each
case matter of technical musical expediency, and the
bocks are full of rules on the subject.

But too much stress must not be laid on the stringency
of such rules. In the early days of harmony it was held
that there was only one proper resclution to every diseord ;
but modern practice has long since emancipated itselt
from such a restraint, Take only the case of the dominant
seventh, The old rule (still taught in some books on har-
mony) was, that it must be resolved in the particular way
ebove given. Now it has no less than nins modes of resolu-
tion, which are all used in some shape or other by musical
writers, and may be considered as established in modern
practice.

In fact, a clever composer may do almost anything he
pleases, and we are every day becoming used to newer
and newer combinations, Richter juatly remarks (p. 86),
in giving a survey of the history of harmony, “ Every.
thing has been subject to change ; nothing hes remained
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in its original condition; all has undergone alteration and
development. Startling combinations have been intro-
duced and have taken root, and many things may yet be
brought into practice that are yet unused.”

Thus we are continuelly reminded that there is nothing
fixed in the matter, so long as the minds and feelinga of
men sre capable of esthetical change.
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CHAPTER XX
COUNTERPOINT.

IT only remeins to say something about counterpoint. This
is music written in a series of different parts for voices or
instruments, each part having a melody of its own, and
yat all combining, when performed together, into a hare
monious whole.

The first kind of compound music used that had any
pretension te method and system was contrapuntal, Har-
mony grew out of it, but did not supersede it, for the use
of counterpoint, as one of the most interesting features of
music, has lasted down to our day. It is trus that we
often get harmonious combinations of notes without any
distinct separation of the various “ parts” which produce
them ; but the highest class of music is that in which the
two things are combined ; and for the obvious reason, that
then the mind gets a double interest at once, namely, that
of the melodies of the separate parts, and that of the har-
mony of their combination.

‘We have here to do only with the foundation of the
rules that have been established for the composition of
counterpoint, And these are of two kinds: first, those
which apply to the structure of the parts themselves; and
secondly, those which affeet their combination with each
other,

In the first place, the various parts are to he considered
asingly, and are to be freated each as a separate melody;
consequently, in writing them, certain rules of melody are
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to be adhered to, - In atrict counterpoint the various parts
are supposed to be voices (indeed, in German, the word
Stimmen, “ voices,” is always used to denote the separate
parts of & contrapuntal composition), and the rules were
originally so framed as to facilitate the performance fo the
gingers. The old musicians found out by experience that
cortain skips, chromatic tramsitions, and so on, were
awkward and difficult for singers to take, especially when
lable to be distracted by the other voices, and conse-
guently, in strict counterpoini, these progressions were
forbidden.

Then, secondly, thers is a class of contrapuntal rules
which have to do with the combination of the parts with
each other. 'We cannot here go through the whole code,
but a brief glance at some of them will illustrate their
nature and origin,

Take, aa the pimrplest form, the combination of two
parts or voices together, note ageinst note, In strict
counterpoint the two notes must, when combined, only
make econsonent combinations with each other, dissonant
combinetions being forbidden, The reason of this rule is
evident; the singers had to be guided by their ears in the
justness of their intonation, and the consonant combina-.
tions were easier to eing in tune than the dissorant ones,
8a well as pleasanter in effect.

Then there is a rule against what are called yalse rela-

tions; for example, in the following passage—@h—=

the C¢ in the second combination is said to bave a false
relation to the O (an octave lower) in the first, and the
progression is consequently forbidden. The reason of this
is quite clear: the singer of the upper part would, having
his neighbour's C% on his ear, find & difficulty in taking
the Cff promptly and in tune; and it is to the advantage
of the music that this difficulty should not exist.
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There is also an analogous objection to the relation ¢f
the tritone; eg., such a passage as the following

would be forbidden in the strictest connterpoint. This
rule arose from the old prejudice against the « Mt contra
Fa” it being assumed that the singer of the first part,
having his neighbour’s F impreased on his ear, would have
a difficulty in intoning correctly the **diabolical” interval
Bl coming after it.

In other species of counterpoint, where several notes in
succession are allowad to be used in one part against ona
note in the other part, discordant combinations are allowed
to enter, thus—

Fal -t +
| = i T 1 b
1 - - |
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r o—'l—'——'-—f-——-l—d]—.—'
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but under the restriction that the discordant notes are to
be taken and quitted, not by skips, but by single degrees
of the seale, The reason obviously is, that the voice by
this means is enabled to take them without difficulty,
notwithstauding their want of consonant relation to the
notes they accompany.

Similarly, in another species, discordant notes may enter

by syncopation, thus— gh——a}=—g-f=| for here the
_.HI_E.—.]TU

ginger, being already on the note, has no difficulty in
sugtaining it. But the discord must be resolved, for the
reasons already given in Chap. xix.

These are only a few examples of the rnles laid down;
but they will suffice to show that they have their origin
in purely artistic expediency, in order to meet what, at
the time such rules were framed, were considered neces-
gities for good vocel performance.

Of course with instruments these necessities do not
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occur, a3 the players can sasily take any intervals they
please, and hence the greater laxity with instrumental
counterpoint ; alao, in vocal counterpoint in modern days,
the ears of singers are so much more accustomed to the
sound of discords that the intervals formerly so difficult
becoms easier, and hence the rules for this are also relaxed.
Bat still, to get vocal music well done, nicely in tune, each
part should be easily singable; and therefore, although the
old rules are not absolutely imperative, it is desirable they
should be kept in mind, and attention to them, so far as
is congiatent with the character of the compogition, will
always improve its effectiveness,

‘We have postponed the mention of one rule of counter-
point which is very peculiar, and which it is necessary to
digeuss more fully, as its nature, origin, and import have
given rise to much speculation. This is the law, so well
known to all musicians, forbidding what are called econ-
secuiwwe octaves or fifths—that is, the motion of one part in
octaves or perfect fifths with another part.

For exumple, the following passage

containg consecutive octaves at A and consecutive fifths at
B. The Germana use the term parallel instead of consecun-
tive, which parhaps conveys the meaning more accurately,

This rule is so thoroughly established, that the breach
of it, generally speaking, is considered the highest crime
a writer can commit; and the necessity of conforming to
it is one of the first lessons giver to students of composi-
tion. On this acconnt, too, so gensitive do the ear and eye
becore, that the sound of a parallel ostave or fifthin a
composition when performed, or the sight of euch a thing
in a written score, becomes almoat painful to a well-
educated musician.
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The rule is, moreover, of universal application, not only
to the older style of writing, but to modern music of sll
kinds, both voeal and instrumental.

'We have then to inquire, What is the foundation for
such a stringent rule? And we will take the two ele-
ments of it in turn, ag they differ considerably in nature,

In the first place, then, why is it forbidden that two
different parts should move together in parallel octaves?

It requires but a very little consideration to show that
the prohibition cannot be based on any naturel or phyai-
cal objection to such a progression. If we sound any
succession of notes on a bright-toned instroment, we
know perfectly well that, each of the notes being accom-
panied by the natural harmonics of its octave and ita
double octave, we get the very thing; and hence, go far
from being prohibited, consecutive octaves are held up to
us by nature as 2 model to be imitated rather than avoided.
But, more than this, in music of all agea, ancient as well
a8 modern, the movement of different voices and inatru-
ments in consecutive octaves, for long passages together,
has been practised without the slightest objection. Indeed,
it constitutes a large and important feature in modern
compositiona, Hence, there can clearly be no objection
to parallel octaves on natural grounds. The chjection is
entirely an aréislie one, as can soon be shown.

‘What is counterpoint It is a series of different melo-
dies going together.

‘When a man and woman sing the same melody, moving
in octaves to each other, the melody is the same; and bere
the distinguishing featurs of counterpoint, 4., the com-
bination of different melodies; fails. In other words, such
a combination is no counterpoint at all

If, then, we profess to use different melodies, and yet, in
any part of them, allow two voices to move together in
ootaves, in that part the composition ceases to be trme
counterpoint, We profess to keep the melodies different
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throughout ; but wherever consecutive octaves oceur, this
condition is broken, and for this reason, axd this only, are
consecntive octaves forbidden.

The rule as to parallel £/ths is much mors difficult to
account for, and has always been a great puzzle.

It is asserted, and generally belisved, that there is
gomething naturally repugnant to the ear in such suc-

cesgions ag these— @ And we have cer-
- ®—

tainly this great practical distinction between censecutive
octaves and consecutive fifths, that we do not find, in
modern musie, successions of perfect fifths used in the
same way as successions of octaves.

But still it {8 undeniable that any series of musical
sounds will be accompanied naturally by econsecutive
fifths a8 well as by consecutive octaves; and with this
example in nature before us, it certainly seems difficult
to say that such sequences are forbidden by unatural
laws.

'We are bound to distrust here the appeal to the ear
which we have so often protested against. It cannot be
denied that a succession of perfect fifthe in counterpeint
sounds very objectionable to musicians. But it must be
recollected that from the first moment any musician began
to study composition, he was taught to hold consecutive
fifths in abhorrence; and it is to be expected that the
result of this must be to make him believe that they are
naturally objectionable. If there is really any physical
or physiological cause for the antipathy, it ought to be
capable of being skown ; if it cannot be shown, we have
a right to presume it is merely the effect of education
and habit, and thercfore is of no weight in the logical
argument. We know one thing by experience, namely,
that these fifths do not sound offensive to those who hap-
pen to be ignorant of the rule sgainst them. There are
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many persons who have learnt music practically, and been
accustomed to it all their lives, but who have never had
& lesson in harmony or composition; and if such people
attempt to write music in parts, they will use consecu-
tive fifths without the slightest hesitation, and not see
anything objectionable in them ;—rather a strong argu-
ment, it would seem, that the objection arises chiefly from
a knowledge of the rule.

Very few writers on harmony have given themselves
the trouble to say, or to think, anything about the ex-
planation of this rule. They have usually taken it for
granted, as a self-evident proposition, that fifths are to
be abhorred and avoided. It is interesting to see, how-
ever, what kas been said by some of the more thoughtful
writers,

Hauptmann expresses himself on the subject in this

way (p. 65):—

“ For proficienta in contrapuntal harmony, the prohibition of
parallel fifthe is unnecessary ; for a right feeling for the essence of
progression will spontaneously exclude them,

* With u parallel fifth, however it may be covered, the significa-
tion will always make itsell heard, that againet a first trisd which
stands as a beginning, a second triad ia endeavouring to set itself up
also o8 abeginning, Thie gives the impression of egoism among the
chords (Akkordsgoismus), which destroys the unity of the compo-
gition,

% Qctaves and fifths are forbidden with equal propriety, for both
have & bad effect ; but the resson of the bad effect differs in the two
cases, With octaves we lose the necessary variely in the melody ;
with fifths we loss the necessary uncty in ths harmony,

“ Qctaves may be allowed between paris that do not pretend to
variety, but fiftha never, since an unconnected hurmony belongs to
no proper artistic system.”

Richter, after explaining the object of the rule against
octaves, says (. 16) :—

#The ground of the rule against fifths is more difficult to establish,
although peopls bave been fully convinced of its necessity ; and
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many endeavours have been made to express this necessity clearly
and definitely. I offer the following views for consideration :—

¢ Every form of chord, which isincluded chiefly between ita root
and fifth like a circle, Jet it be otherwise comstituted as it may,
ropresenta in itself a closed whols. And since harmonic connexions
can only be effected by one chord passing inte and upon others, it is
evident that two chords with such fixed boundaries, fifth after fifth,
cannot pass into each other, but must, when they atand side by side,
appear unrelated and unconnected,

% ¢ Whenever, therefore, a perfect fifth apypears, it will carry with it
ite character of limitation (4lgrensung), and the disagreeable quality
of the succession of two parfect fifthe will be found to be in their
want of cormexion—in their isolation.’”

He mentions many cases where the rule may be relaxed.

Helmholtz goea into this matter, but not very clearly.
He points out (p. 559) forcibly by several arguments that
consecutive fifths are not disagreeable to the natural ear,
instancing the constant presence of them in all brilliant
tones, and in the compound stops of the organ, He says,
therefore, that the law against them can only be founded
on their infringing the laws of artistic composition.

He appears to consider the rule an exfension of the one
for octaves, and justified by the same grounds, He sayas
that twelfths (which may be considered as representing the
fifths), when used as a consecutive accompaniment, merely
strengthen the fundamental sounds, and do not add any new
independent element to the harmony; and hence an ac-
companiment in twelfths or fifthe is a breach of the artistic
propriety which would require independent composition.
He adds—

“The prohibition of gonsecutive fifthe was perhaps a reactton
againet the first rude attempte at polyphonic musie, which wers con-
fined to an accompaniment in fourtha or fifthe, and then, like ail
reactione, it waa carried too far, in & barren mechanical period, ill
absolute purity from consecutive fifths became one of the principal
chargcteristica of good musical composition,”

Helmholtz's view as to the contrast between the old
diaphony and the later counterpoint ia corroborated by
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other authorities. Coussemaker says, speaking of the
former—

“La diaphonie, dans son origine, n'svait pour destination gue la
reinforcement de la melodie principale par laddition de quintes,
«octaves, et de quartes, entreméléea accessoirement comme les sons
secondaires dans le jen de mixture de Yorgue”

And we may gather the same argument from the fol-
lowing extracts from Zarline (Istituzione Armoniche, 1571),
who was the first, after counterpoint had been well eatab-
lished on good models, to reduce it to rule, He says:—

“ Vietavano i pih antichi compositori il porre due consonanze per-
fette di nno istesso genere e specie, contenute nei loro estremi da
una proporzione istessa l'uns dopo l'altra, movendosi le modulazioni
per unc o per pit gradi ; come il porre due o pih unisoni, over due
o pilt ottave, overnmente due o pil quinte et altre simili ; concid che
molto bene sapevano che Yarmonia non pud nascers ze non da cose
trg loro diverse, discordante, ¢ contrarie, & non da quelle che in ogni
cose 8 convengono,”

He then makes, in illustration of this prineiple, the
philosophical remark that Nature produces no individual
of any species which is exactly similar to any other indi-
vidual; and he adds—

¢ Debbe adunque ogni compositore imitare un tale e tento bello

ordine ; percid che sara riputato tanto migliore quanto le sue opera-
zione el assimigliersnno a quelle della natura.”

This makes it conelusive that the original founders of
the rale forbidding consecutive fifths based it entirely on
the same ground as that forbidding octaves and unisons,
namely, the essential similerity of the two parts in such
progressions, and the necessity of avoiding this, by con-
trariety and diversity, if the good character of the counter-
point was to be maintained.

At the end of the history of harmony, allusion was
made to the felicitous description given by Dr. Hullah,
ot counterpoint and harmony respectively, by the terms
horizondal aud perpendicufar music; and attention was
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called to the change that took place about the seven-
teenth nnd eighteenth centuries, by greater prominence
being given to the verfical element or harmony. Since
that time the intevest of composers in the horizontal
element, or conuterpoint, bas unfortunately much fallen
off. Some few later men of eminence, emong whom
Mozart and Mendelssohn shine prominent, have indeed
cultivated and written good counterpoint; but the majority
of modern writers lock on it as an antiquated and ex-
ploded art, and trouble themselves go little about it, that
it might almost be considered extinet. It is doubtful
if any musician now alive could write a motet which
should be mistaken for Palestrina, or a madrigal which
could be attributed to Luca Marenzio, or & Church anthem
like one by Orlando Gibbons, or a chorus like one of
Handel's, or an organ fugue like one by Sebastian Bach.

It is to the want of this Ahorizontal element of interest,
that the choral compositions of modern days sonnd se
insipid and so poor in comparison with those of older
date. Music, in parts, still nominally .remsins; and in-
deed, in instrumental musie, we have more parts in & score
than ever were known before; but it is astonishing how
little real counterpoint there is in the msjority of modern
compositions, the parts usually filling in the harmonies
with but little individuality of their own, We have now
no longer a series of melodies for the different voices, but
usually only one for the soprano, the others taking the
ignoble pesition of forming only an accompaniment thereto,
The fashionable modern title, “ part-song,” expresses this ;
compositions so called are merely melodies harmonized
vertically, and not combined horizontal and vertical musie,
like the old many-voiced compositions.

Modern music waits in this respect its deliverer from
its present poverty of resource; and the composer of the
future who will restore the lost contrapuntal interest, in
connexion with the enlarged resources of modern harmony,
will make himself a great name,
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Hauptmenn was a great teacher as well as a great
admirer of good counterpoint, and he expressed himaelf
strongly on its modern neglect. The following extracts
from his Leiters to Hauser are worth quoting +—

“The ancient polyphonic music was a combination of melodiss
which were so contrived as to go together. The modern is merely
successions of chords divided among several parts; the effects of
harmony, which in the former case arose out of the comnbination, are
in the latter the datum of the composition. And slthough the old
music was often defective in the harmony, the new is more so by
the repulsive and unnatural motion of the parts; so that, judged
from the proper point of view for part-writing, much of the modern
music ia more burbarous than the first contrapuntal autempts, In
the works, however, of the more advanced middle age, we may see
how the greatest of all musicians have succeeded in satisfying both
conditions, the interest of the parta and the resulting harmouy, with
a perfection never approached in later times {I. 27).

“T have pointed out in a recent eriticism, that the instruction in
what is called ‘thorough bass’ does not sutlice for the writing of
counterpoint : it teaches nothing of the conduct of the parts (Stémm-
fihrung). 1t ia true that harmony is reckoned the most important
thing in our musie, but if harmony is to be worth enything, it ought
to ariae out of the melodies of the aeparate parts; and if any one
wishes to do this well, he must have gone through the whole history
of music from 1400 to 1800, It is natural that the wants of to-day
phould have most claime on him, but if he has not narrow-minded
views, he ought firat to go back farther and further, and then retrace
his steps to o modern date, for only in this way will the music of
to-day acquire any living soul (1. 226).

[8peaking in praise of Mendelashon’a 8t. Paul]. % We see what a
difference there is Letween the choral mueic of all other modern
composers and these genuine Corales, woven cut of melodies,
where every one willingly sings, because he has something to
aing (1. 261}

#The true meaning of hurmony is, that it arises from & combina-
tion of melodies sounded mimultaneously, This, which waa the
most important thing in elden times, is now neglected. In good
modern writing, the bass is indeed given good relatioms to the
melody, but the middle parts are flled in with rubbish simply to
complets the chords, The lifted pedal wiil then bind the whols inte
@ conpact mass, bt any organisation in it is out of the question, 1
hava nothing to scy agaivet all this, but would rather bave nothing

1o do with it (L. 281}
"
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 Palestrine’s music has all ita separate parts so hesutiful, thet one
wonld like to sing them all one’s self. Hew many composers there
are who could not better employ their time than by writing out
music of this kind | (I, 289.}

4 Moat people know nothing, and care nothing, of what true har-
mony means, DBy means of the clavier, through which all musical
education is now conducted, they get a certain feeling for compact
harmonies, but learn nothing of the consonance of melodies. Few
persona can write saaily & four-part chorale as it ought to be, .,
forming iteelf naturally and free out of four-voice parts, each uncon-
strained, Many a writer of great heaven-and-earth-storming sym.
phonies would be unable to do this, although he probebly would be
unaware of his own deficiency (IL. 136).

#] certainly disagree with those who aseert that comnterpoint and
fugue are of no use. It jsas in the modern echools, whers Latin
and Greek are omitted, on the ground that they are not used in
after-life. Latin and Greek once learned may be forgotten, but the
scaffolding on which the learning has been built in the school remains
standing, though invieible, and gives a support to all knowledge ; a0
do counterpoint and fugue give to harmony w life, and a flexibility,
that make out of & compact mam 8 living and well-organised
entity, Perhapa a musician may bave as little occasion to write
fugnes ae to rpeak Latin ; but his waltzes and wongs will st once
betray what he knows of composition, and we shonld obtain light-
ness and facility, instead of that egoistical oppremsiveness which
weighs us down like a huge alp in a0 much of our modern music”
(1L 205).
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CHAPTER XXI.
CONCLUSION.

It may be well now to make out a brief summary of the
results at which we have arrived in the investigation we
have been through.

OQur object was to institute a philosophical inquiry into
the general structure of musie, in order te ascertain how
far it was based on physical data, or how far it had been
the result of ssthetic or artistic considerations. And we
may formulate our conelusions as follows :—

The material of music consists of musical sounds, which
are produced by various natural or artificial means,

The production of & musical sound is due to vibrations
of the sonorous body succeeding each other at regular
intervals of time,

The pitch of a musical sound is due to the rapidity of
these vibrations; and the lowudness of the sound is due to
their extent or amplitude.

A mueicel sound of ordinary quality, although it is
usually considered to represent a single note, is really a
compound sound, consisting of this note as & fundamental,
accompanied by several other notes, above it, called over-
tones. .

These overtones have a certain fixed relation to the
fundemental ; their rapidities of vibration being simple
multiples of that of the fundamental note.

The first, and usually the most prominent, overtone
sounds the vcfave of the fundamental,
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The second overtone, which is next in prominence,
sounds the twelfth, or octave fifth, of the fundamental

These overtones can ba easily appreciated by the ear,
when musical sounds of & tolerably brilliant quality are
heard.

Hence, the intervals of the scfare and the ff¥h may be
said to be dictated by nature, as resulting from the natural
constitution of musical sounds.

The number and comparative strength of the overtones
vary in different sounds; and these variations determine
the character of the compound sound.

The overtones also exercise an important influence on
the u22 of musical sounds, and on the structure of musie,

Passing on, therefore, to investigate this use of the
material of musio, we find, in the first place, that—

Musical sounds must not be chosen indiscriminately
from the infinite number possible. Before music e¢an be
made, an elementary seriss of sounds must be arranged,
differing in pitch by definite steps or gradations, and called
a musical seale; and the sounds used fo form music must
be taken from this scale,

The necessity of this is due to an msthetic cause, the
mind requiring these definite steps in order properly to
appreciate the motion in pitch constituting melody.

The arrangement of the steps in forming scales may
admit of considerable variety, and it is actually found to
bave varied considerably among different nations.

In almost all csses, however, where music has been
cultivated, the two natural intervals of the octave and jifth
have formed steps in the scale.

The scale we use waa first established by the Greeks,
about five or six centuries before the Christian era, and is
called the dintomic seale.

In it the cetave and fifth are recognised as the most
importent steps. The other steps are irregular, and were
originally settled by artificial means, They have, further,
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in wodern times been subject to slight alteratious, so
st to make them more suitable for the introdumection of
harmony.

Cur scale is also augmented by additional sounds, called
chromatic notes, used accidentally.

The emaet pifck of these chromatic notes has heen
subject to difficulty and disagreement; but it may be
determined by a proper consideration of the object they
are intended to serve.

The whole modern scale, of diatonic and chromatic
notes together, may be approximately represented by
the division of the octave into twelve equal parts, called
mean semitomes; which is the scale usuelly adopted in
modern music, and expressed by the keys of the piano-
forte,

In the earlier times of (reek music, it was the oustom
to form melodies from different octave-forms of the dia-
tonie seaie, each having the mnequal intervals or steps ar-
ranged in different order, and constituting different modes.

Some of theas were adopted in the music of the ancient
Christian Church ; and speeial prominence was also given
to one particular note of the scale used.

This was much further developed at a later time, and it
resulted in the reduction of the modes to two, known as
the major and minor (which were the best caleulated for
harmonic use), and in the more paramount importance of
one note, constituting the principle of modern tonality.

All these modal and topal introductions and changes
were of purely wmsthetic origim, having in view the im-
provement of the artistic construction, and the offering
to the mind of new elements of interest, in addition to
the mere succession of sounda,’

It is therefora a mistake to suppose, as many people do,
that there is any natural necessity for the arrangement of
modes and keys which we at present use. _

In early music there were differencea in the duration
of the sounds; but about the tenth or twelfth century there
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arose & more syetematic and continuous measurement of the
duration ; which became subsequently developed into the
eleborate arrangements of time, rhythm, and form, that
now characterise modern musie,

Thia also is of sesthetic origin, its motive being, as before,
to present new features of interest to the mind.

Teking, lastly, the complex structure of musie, we find
that this consists of two elements, melody and harmony,

Melody is the oldest, and for a long period was the ounly
form of music used.

The ore sbsolaute requirement for melody is, that ita
notes must be taken from an acknowledged scale; but
modern melody is usually required also to have tonality,
messure, and rhythm,

The qualities which determine the agreeableness of
melody are entirely emasthetic, and do not admit of being
reduced to rule.

Coming now to the subject of harmony we find—

In early perieds people were led, by the natural sugges-
tion of the ocfeve interval, to accompany melodies in this
interval.

This was practised by the Greeks; but there is no posi-
tive evidence that any further systematic attempis at com-
bining different sounde were made by them.

Soon after the begioning of the Christian ers, traces
appear of an accompaniment in the two other most conso-
naut intervals, namely, the fifth and the fourth ; and there
is proof that the accompaniment of melodies by similar
melodies in the octave, fifth, or fourth, formed the kind of
harmony used in Church music during about the first thou-
sand years of our present era,

Subsequently the plan arose of accompanying a melody,
not by & simdar melody in different intervals, but by a
different melody ; then more than one accompanying melody
was added, and this formed counterpoint, ic., the union of
different melodies together,
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This union necessarily produced varied combinations of
pounds, and s0 arose compler harmony, which ultimately
took a separate existence and form, independent of the
counterpoint in which it had ite origin.

In studying the theoretical nature of modern harmony
we found it desirable to begin with the simplest combina-
tions, namely, those of two sounds together: thess forming
the elements out of which the more complex forms may
be assumed to be built up.

A large number of theas binary combinations may be
formed from the notes of the ordinary scales; but they
vary in their effect on the ear, some being generally con-
sidered smoother and more agreeable than othera.

These differences are traceable to real physical causes,
dependent on the natural constitution of musical sounds.

They arise, chiefly, from the interference with each
other of the overfonss of the two notes; which canse beats,
resulting, when at a certain velocity, in roughness or
harshness. They are also affected in some degres by
the natural production of additional resultant sounds,

With the more agreeable combinations, called congon-
ances, the roughness is comparatively slight; with the
less agreeabls ones, called dissonances, it is mors marked.

There is, howaver, phyasically, no strict line of demar-
cation between the two.

Passing on to combinations of several notes, or chords,
we find they may be considered as built up of slementary
binary combinations ; and the analysia of these will enable
an estimate to be made, on physical principles, of the
comparative effect of each chord, as regards ita degree of
dissonance.

The effect, so estimated, agrees with the practical mugiesl
character of the chord, which, therefors, may be pronounced
to have a physical basis.

There is one chord, namely, the major triad, distin-
guished from all others ae being suggested by nature,
since it iz andibly present in the moet prominent har-



296 CONCLUSION.

monies of compound sounds. This chord has always
been, and still is, the moat important chord in practical
music.

Nature also dictates a certain position and a certain
prominence for one of the notes of this chord ; and this is
also recognised in musical practice as the most natural
and satisfactory.

But no ofher combinations of notes can be traced to such
a direct physical origin; hence the derivations of other
chords must be only partial and indirect, and they must
be considered more or less artificial.

Many dissonant combinations of notes, although very
harsh in themeelves, will be tolerated by the ear, and will
pass almost unnoticed, if at the time they oceur some
other element of musical interest ig offered prominently to
the mind. This ssthetical consideration will account for
many apparent difficulties in practical harmony.

In regard to harmonic progressions, we find thet there
is no physical reason why any one combiration of notes
should he preceded or followed by any other combination;
but that an wsthetic feeling exists reguiring the progres-
gions to be united by some kind of relation which the
mind can appreciate.

These relations may be of several kinds, but there is one
of the most important which is founded on the physical
properties of musical sounds.

The musical doctrine of the resolution of discords de-
pends entirely on the teathetical desire to pass from less
agreeable to more agreeable impressions; and the modes
of resolution have been dictated by attention to artistic
stracture.

Other rules in regard to the motion of the parts in conu-
tarpoint, and other details of practical composition, have
had a similar artistio origin.

If these propositions have been proved, they will cer-
tainly establish the opinion given in an early part of this
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work, namely, that although the fabric of music has ita
foundation laid in natural phenomens, yet its superstruoc-
ture is almost entirely a work of art. The analogy of a
building is, in fact, perfectly applicable. The foundetion
and strength-giving portions of every important edifice
must comply with determinate and invariable physical
laws of stability, but the details and decorative features
may be anything that the architect thinks desirable. So
with musie. The great architects who have, in progress of
time, built up the strocture of music we at present admire,
have adhered to certain main principles of real physical
origin; but in filling wp the details beyond these they
have been guided either by the requirements of artistic
combination, or by the suggestions of msthetical taste, or
perhaps, in some degree, by the promptings of their own
genius and originality.

This result, differing so essentially from the ideas here-
tofore generally held among musical men, can hardly be
expeeted to be received by them without hesitation. The
idea of the necessary natural origin of all musical forms
and rules, groundless as it is, has taken such firm hold,
that it cannot be eradicated quickly. Cases are not
rare, in the present day, where new philosephical systems
construeted with the accuracy of modern scientific reason-
ing, have had to elbow aside long and dearly-cherished
delusions, and so it will be with the scientific theory of
music. It will be reserved probably for musicians of the
next generation to adopt the more advanced views, and
the wonder will then be (as it is now in regard to many
abandoned errors) that the acceptance of the truth ghould
have been so long delayed.

One thing may, however, be pointed out, which, when
well considered, ought to faurther the acceptance of the
philosophical views; namely, how much they tend to
exalt the art of music, and the merits of the great com-
posers. The ordinary belief, that everything that a great
musician writes onght to be “accounted for,” 1., brought
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into conformity with some imagined natural rule, is no
very complimentary tribute to hie geniua; it is infinitely
more ennobling to believe, as the philosophical theory
leads us to believe, that the musical forms are really the
outcoms of the composer’s own art—the offspring of his
instinctive perception of what is pleasing.

‘We have treated, in the foregoing chapters, of littls
beyond the two main elements of composition—melody
and harmony; but the artist has gone far beyond these:
he has introduced refinements which lie quite out of the
pale of philosophical inveatigation. All euch things as
the force and delicacy of expression; the gradations of
Jorts and piano, the graces of ornamentation; the combi-
nations of diffsrent gualities of tone, in the rich choiee of
voices and instrurnents ; the changes of tonality by modu-
lation, in hundreds of different ways; the multitudinous
varieties of measure, thythm, accent, and emphasia; the
manifold arrangements of structural form,—all these are
pure inventiens of the composer's artistic mind.

But, further than this, the composer of true genius
lays claim to a much higher and nobler power: that of
touching the heart, of stirring the emotions, of exciting
the passions, even of suggesting phases of sentiment and
states of mind ; he can breathe into his music the breath
of life, and give it a living soul. This is & wonderful and
mysterious faculty; its mode of operation eludes detec-
tion, and defies philosophical reasoning. But its reality is
beyond question. The deeds of Orpheus and Timotheus
may be fables; but the impreasions produced by the
works of Handel, of Mozart, or of Beethoven, can be
ignored by none who have human sympathies and human
ears.

The relations we have pointed out between the physical
and mathetical elements in musical atructure are abun-
dantly confirmed by the facts of history. The simpler
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features, which we have traced to a natural origin, have
been permanent and unchangeable; while the more com-
plex developments due to ssthetical and artistic feeling
have been constantly subject to change,

The chief divisions of the scale—the general preference
for the smoother harmonic combinations, and the predomi-
nance of the more natural harmonic relations—are just as
much in force now as they ever were, and probably will
always continue so. But in no part of the more somplex
structure of music has such stability been observable. A
constant development has been taking place, each century
having abolished the strict limits established in preceding
ones, and extended the boundaries of the art by gradual
but certain advance, Almost every novelty has been
questioned and opposed, on the ground of its suppoaed
incomypatibility with some assumed law; but the opposi-
tion has vanished, as it naturally must, from the fact that
the assumed law was only of artificial origin, and could
be abrogated by the same influence as that to which it
owed its rise,

There is en anecdote of Beethoven which admirably
illustrates this point. Some critic remarked that a certain
passage in one of his Jater works was ‘‘not allowed.”
“Then,” replied the composer, “I allow i ; let that be
its justification,” Those three words are worth & whole
essay on the theory of music; for they imply that the
iaws for its artistic structure must be largely dependent
on the practice of the greatest composers,

1f, however, we have succeeded in showing that the
construction of music is, to a large extent, determined by
sathetical choice and not by fixed natural laws, we must
not -commit the error of ignoring the value of rules for
musical compogition.

‘Whatever the motives may have been that have influ-
enced composers, it is an undeniable fact that there has
been, and is, a pretty general agreement among the best
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suthorities, at any given date, as to how music should be
written ; and we may therefore take it for granted that the
structure chosen for it is, under the circumstances of the
time, an advisable cne.

Hence, what is more natural and more beneficial then
that attempts should be made to defins and describe the
structure of mueic as found in the best composers, and
to devise rules by which students can be directed to
follow the practice of the great masters in their own
attempts at composition 7 'We may here repeat an analogy
used more than once in this treatise, that of grammar in
literature. Nobody pretends that the forms of speech are
dictated by immutable natural laws, they have grown ap,
no one knows how; but such as they are we find them
exemplified in the works of the best writers, and we must
accept their usages as authoritative. And sines it is neces-
sary that learners should have some safe guide to enable
them to speak and write in accordance with the received
forms, the plan is adopted of framing rules of grammar
and syntax, which, however, pretend to no authority in
themgelves, being merely a commentary on the examples
found in the writings taken for models,

Lot then, by all means, similar rules for musical com-
position be eatablished and enforced ; but, at the same
time, lat it be properly understood what they mean. Do
not tell the student that such and such combinations, such
and such progressions, are dictated by an unquestionable
origin in natural necessity or natural laws, and that to
violate them is a crime against philosophy and science,
Tell him instesd that they have been agreed to by the
common consent of the best composers, and that for him
to ignore or refuse to follow them is an offence of the
same nature as it would he wilfnlly to write incorrect
English, or to do any other act at variance with the
ordinary practice of mankind. If he pleads, as an ardent
and aspiring student may, that, in accordanee with the
priaciples here laid down, great composers have the privi.
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lege of making or altering musical rules for themselves,
or of introducing novelties at their pleasure, it will be
sufficient to suggest to him that he may wait till he
becomes a great composer before he ventures to put the
principle into practice, and that in the meantime his study
will best be furthered by following the beaten paths.

This will be far better than to attempt to coerce him by
untenable assumptions, the fallacy of which, if he has any
good reasoning powers, he cannotfail, sooner or later, clearly
to see. And when the true scientific philosophy of music
is once understood, it will at least have the useful practical
effect that it will prevent the study of the art of composi-
tion from being hampered and cbstructed, as it so often is
at present, by theoretical complications at once unneces.
sary, imperfect, and unsound.
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NOTE A —FPags 128
THE ANCIENT MODBGE

Muor more might be said, than has been said in the text, as to
the use of the ancient raodes. The great obstacle to any intelli-
gent understanding of the subject is the fallacicus idea so desply
rocted in modern minds, that our major mode, with ite indispens-
able ‘“leading note,” is the only natural and proper form in
which music ought to be written. As a comsequence of thia,
even the minor mode, though admitted in name, is, in & great
measure, deprived of ita proper character by ita forced assimile-
tiop to the major form in the ‘ accidental” sharpening of the
gixth end seventh. The ascending minor scale a8 usually given

ia really not a diatonic scale at all, as it abandons the established
diatonic order of succession of tones and semitones: it is only
in the descending form that this is preserved. The restoration,
however, of the sfa¥h to ite proper degres, which has lataly been
20 much insisted on by the strongest-minded and most intellectual
musiciang, must be regardsd as a protest, as far aa it goos, against
the effeminate alterstion; and it is by no means improbable
that a reaction may take place as to the seventh also, so as
to bring the ancient Hypo-Derian again into its true chame-
teristic form, It is undoubted that many of the old popular
malodies, for which the minor mode was s0 much used, were
written with the unaltered minor seventh. Modern musicians
say in rogard to this, that “they could not have besr sung so,
a3 the car of the singers would naturally have led them to sharpen
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the seventh ;” but this is simply begging the whole question, by
s gratuitous end fallucious assumplion that the human ear had,
centuries ago, the propensities due fo modern fraining. It is an
sbeurd anachronjsm to muppose that the ancient singers were of
necessity imbued with the principles of a system that did not
come into general use till long after their day. It is true
that we learn on good evidence, that it was customary, in the
old ecclesiaatical musie, for singers to meke occasional chromatic
changes, and modern musicians have jumped to the conclusion
that these were for the purpose of assimilating the scale to the
modern modes; but this, it appears to me, is & hypothesis for
which as yet no sufficient proof has heen given: the best known
case is the alteration of the B to B in the fifth Church mode;
but this had clearly for ita ohject the avoidance of the dreaded
Mi contra Fo with the tonic F, and has no bearing on the ques-
tion. It wonld be very desirable to investigate further, sa a
matter of history, what these alterations wers, and when thay
were introduced ; but at present, I doubt whether it has been
shown that there was any atrongly-marked tendency to sharpen
the seventh of the scale (in modes which required it to be minor}
before the predominance of the Lydian tonality.

The appeal to modern ears on this subject is, of coumse, o
fallacy ; what people who use this argument cell a *natural”
deeire for & leading note, merely means a desire to hear what
they have been accustomed io, end taught to consider proper.
No proof hes ever been given of any resl fendency of the
kind ; indeed, cases to the contrary are continually occurring,
and there is great doubt whether the ordinary musical publie
would manifest the so.called natural desire for the leading
note unless they were prompied thersto. One of the tunes in
“ Hymna Ancient and Modern,” Feni Jinmanuel, retains thae
cadence with the minor seventh in its old form, and is sung by
congregations without hesitation. And to go to lighter musie,
a cortain very popular modern song ends thus—

P ey
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and hundrede of young ladies sing this in drawing-rooms without
ever discovering anything unnatural about it, till the music master
comes in and *corrects ” the FY to F.

It is a consequence of the short-sighted view of the exclusive
propriety of the modern major mode, that it is next to im-
possible for those who held it to form any correct idea of what
the varieties of octave-forms mean, as they have acquired an
ineradicable tendency to refer every passage of music they see or
hear to the modern tonality. Thus, if we were to play, to a
modern musician, the seven octaveforms exemplified in the
diagram on page 114, and ask him what he thought about their
tonality, he would confidently auswer that they were all in the
same mode, and in “the key of C major,” and one would hardly
krow how to meke him understand his error.

There are plenty of examples of the old modes which are
accessible enough, The richest variety is to be found in the
Church melodies, many of which, in the various forms, are
cited by M, Gevaert. But the unlucky prepossession of modern
musicians has led them often to commit the amachronism of
adding to these melodies harmonies constracted according to the
modern tonality, so converting them irto a hybrid nondescript
kind of music from which it is impossible to form any correct
idea of the real character of the originals,

Professor Macfarren, in his “Lectures on Harmeny ” (First
Edition, 1867), has given & good account of the Greek modes
(except that he has used the names of Glareanus instead of the
true Greek terms), and has ehown their connexion with those
used in the Church. He has also given several useful instances
of their application in a comparatively late period. For example,
the subject of Handel's fugue in Zferael in Egypt, “ And I will
exalt him,” is in the Greek Phrygian, while “ Egypt was glad
when they departed ™ iz in the Greek Dorian; and although the
harmonic treatment conforms occasionally to modern tonal prin-
ciples, yet there is much of the strong antique character pre-
served. Indeed, in the whole range of polyphonie musie which
lasted from the time of Josquin des Prés to that of Bach and
Hendel, evidences of the old modes are distinctly traceable, and
signa of them may even still be found in some effective pointe
in perfectly modern compositions. Mr. Macfarren points out,

o
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with great truth, the influence of the Dorian mode in the
touching passage in the first duet in Mendelssohn's Eljjah
“Lord, bow Thine ear to our Prayer,” and Helmholiz (p. 473

e e

and following) not only mentions many fine applications of
the Dorian form in the works of Handel, Bach, Mozart, and
others, but traces directly to it the origin of two of the most
effective chords in modern use, the Neapolitan and the aug-
mentoed sixths. '

Many popular melodies have been also guoted as exemplifica
tions of the ancient modea. Mr. Macferren instances an old
English one “Cold and raw” as decided Phrygian, and M.
Gevaert gives & large variety. He takes many Irish airs from
Bunting’s “ Ancient Music of Ireland,” including six in the
Phrygian and eight in the Hypo-Phrygian modes; and alse
quotes other nationalities. Ope of the most striking is a
Spanieh air to & well-known ballad, ssid to be of & compara-
tively late origin, dating towards the end of the fifteenth
esntury. The fwo first lines might pass, if alome, for Hypo-
Dorian, but the ending etemps it as Doxian.
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One of the most genuine examples of the old modes is the
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sorale in Beethoven's quartett, No. 15, Op. 132. It is entitled
# Heiliger Dankgesany eines Genesenen an die Gottheit, in der
Lydischen Tonart,” or *“ 8acred Song in the Lydian Mode, cffered
to the Divinity in Gratitude for a Cure.” DBuethoven, it must
be explained, uses the ecclesiastical or Glareanus name, Lydian,
which corresponds to the Greek Hypo-Lydien; and the idea is
moat consistently carried out. The corale is harmomized in
four parts, but the harmeny is kept strictly in the mode. The
tonic ia F, but the B is natural, the scale being

and this is rigidly adhered to throughout; an example of con-
sistency and propriety which ought to have found more imi.
tators among those who rush into meddling with the ancient
modes without the requisite knowledge, judgment, or principle!

Bome very interesting examples of the ancient modes have
been lately published by Monsieur L. A. Bourgault-Ducondray,
Professor of Musicel History at the Paris Conservatoire de
Musique. M. Dueoudray was commissioned by the French
Governinent, in 1873, to undertake a mission to Greece and tle
East, for the purpose of studying the character of the national
and popular music of those parta. In 1878 he published a
brochure containing an account of his ressarches, and this was
accompanied by two muaical works, namely, “Etudes sur la
Musique Ecclesiastique Grecque :” Parie, Hachette ; end
*Trente Melodies populaires de Grice et D'Orient:” Paris,
Lemoine,

The latter work presents & series of airs of & very original
kind, founded either on the ancient Greek modes or on peculiar
scales used in the localities. They are given strictly in their
original melodial forms, but, in order to add interest to them, an
sttemnpt has bean made to adapt harmony to them in the shape
of s pianoforte accompaniment, adhering (on Beethoven's plan)
strietly {o the character of the modes, end keeping free from the
interference of any incongruous modemn tonal ideas.

¥ The author of thisx work, in the of a Oanto Ferino, net for eight voioes,

excrcise for his Dootor's degree, in in the various modes, om thix plan,
1867, vontured to give some examples
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Full explanstions accompany the music, and the following
extracts from the Preface will illustrate the views of the author
on the queetion we are now discnssing :—

" The majority of these aire are constructed according to the prin-
ciples of the ancient modes,

'“We have imposed on surselves the rule never to touch the melody
for the necessities of harmony ; on the conirary, we bave made the
harmony obey the melody, forcing ourselves o preserve, in the
sccompaniments, the charaeter of the meds to which the melody
belongs. We have not interdicted the use of any harmonic com-
bination, except such as appeared t¢ us inconsimtent with the modal
smpression. engendered by the melody under treatmment. Our efforts
have kad for their object to enlarge the circle of the modalities in
polyphonic mnsgic, and not to restriet the resonrces of modern har-
mony. 'We eould not bind carselves, by the rules of the pas, in an
attempt which is new ; if it finds imitatows, the sanction for it must
be reserved for the future.

¢'Woe hope to have shown how much fecundity there ia in the appli-
cation of harmony to the Eastern scales. Weatern polyphonic musie,
hitherto sonfined to the use of twoe modes, may by this means escape
from its long reclasion ; and the fruit of this deliverance may be to
furnish resources of expression altogether new, and colours which
hitherto have baen unknown to the pallette of the musician.

M. Ducoudray has been lately giving » series of lectures in
Paria on the subject, which have ettracted much interost; and
he haa illystrated his views in musical compositions on an ex-
tensive scele, particularly a " Stabat Mater” which contains
many novelties of tonal treatment.

NOTE B.—-Pags 167.
TIME IN MUSIQ

AurHOUGH, as Stated in the text, the feeling for regular periodio
movement is undoubtedly & natural one, yet experience in prac-
tical music shows that it is far from being universal Every
musical teacher knows, to his cost, that to get the #ime of
music properly attended to is weually the most difficult and
uphill part of his task. Numbars of pupils, who are by no
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means deficient in their idea of tune, appesr almost hopelessly
incapable of appreciating the metrical divisions, which have to
be hammersed into their intellects in the most mechanicsl way.
And even when this may to a certain extent have heen ac-
complished, it is by no means uncommon to find them fail
in the ahility t0 keep the movement uniform throughoui a
piecs: they will either vary the rate, alternately quicker and
slower, or, still worse, they will often *drop out” portions of a
bar altogether, pariicularly where rests occur. And the fact of
their being nnconscious of these defects, after sll the pains that
has been faken to instruet them, shows that certain mental
organisations are deficient in the natural appreciation of the
rhythmical idea.

But we may go much higher and find, among well-sducated
and professional musicians, striking examples of the same natural
deficiency. 'We must not, of course, look for such defects im
written compositions, for without atiention to time and rhythm
these conld not exist. DBut there is & very frequently recurring
case that furnishes a test of the sense of these qualities, namely,
extempore playing.  In former times this was much cultivated,
and many of the most esteemed composers, from Mozart to
Mendelssehn, were in the habit, both privately and publicly, of
exhibiting & most rusiciandike power and skill in this way.
Now-a-days such exhibitions have become obsolete; but thers
are still occasions where extempore playing mey be heard,
chiefly on the organ. In Church services, for example, the
opportunities for free performance sre frequent, and are often
taken advantage of for extempore exhibition; and the same
may bo said of many other public performences where organa
are ussd.

Now it i8 & curious fact that, in by far the great majority
of such cases, the performances one hears are entirely desti-
tute of time or rhythm. They consist ususlly of harmonic
combinations, sequences, and progreasions, strung together in
a totally amorphous way without an attempi at division or
measure of any kind. This is one of the stmngest phenomena
in practical music. The players are often known as excellent
musicians, who, in performing written music, would keep their
time with the moet immaculate precision; but when they have
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to “make music” on the spur of the moment, they seem entirely
to forget that this necessary element of it has any existence!
The only possible explanation is, that in these persons the
nafural sense of measured movement ie wenting, and that their
attention to it in a general way iz only matter of artificial edu-
cation. It is probable that they are, at the time, quite unaware
of the defect, and would be greatly surprised if it were remarked
that what they were playing had no claim to be called music in
the modern sense of the word.

Pianoforte players have leas frequent opportunities for extem-
pore dieplay than organists; but in regard to them the same
remark will generally apply. Let any one listen atientively to
a pisnist, however great, who puts his or her fingers in an un-
premeditated way on the keys, and in nine cases out of ten it
will at once be evident that no sense of time or rhythm can be
present in the player's mind.

NOTE C.—Pags 202,
THE ASTERTIO ORIGIN OF MUSICAL FORME,

Tue following extracta from one of the most celebrated modern
works on musical ssthetics, * Vom Musikalisch-Schiinen,” “QOn
the Beautiful in Music,” by Professor Hanslick of the University
in Vienna, will further illustrate the opinions held by the most
competent men on the msthetic nature of the principles of
musical structure. The references are to the fourth edition,
Leipsic, 1874.

“There is no art the forma of which wear out so soon and so exten-
sively as music. Modulations, cadences, progressions of intervals
and harmonies, become so obsolate in fifty or even thirty yesm, that
the composer of genius can no longer use them, but is compelled
continually to invent new purely musical features. All that can
justly be said of & mass of compositions which stood far above the
average of their day, is that they once were beautiful. The faney of
the artiat of genius dissovers, among the infinite number of poseible
conthinations, those that are the most choice and hidden, and works
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them inte novel musical forma, which, thougl they are purely the
offapring of his own free will, seem eonnceted, by an invisible thread,
with the dictates of necessity."— Page 57.

““Let it be added, that musical besuty hos nothing to do with
mathemgtica. The hypothesia held by many critica as to the part
played by mathematics in musical composition is remarkably vague.
Nt content with the facts that the vibrationa of musical sounde, the
magniindea of intervals, the laws of consonance and dissonance, may
be traced to matheipatical relations, they are convinced that slso the
beauty of a piece of music is grounded on fignres. They make the
stady of harmony and counterpoint & sort of cabbala, which is to
teach composition by ealeulation.

« Althoungh mathematical doctrine furnishes an indispensable key to
the study of the physic of music, its part in & musical composition
must not be unduly magrified. In a tone-poem, be it the fineat or
the worst, nothing im designed by calculation. Creations of the
faney are not to be likened to arithmetical snms.  All monochord
experiments, sound-figures, proportions of intervals, &c., areout of
place here, The region of ssthetics begins where all these primary
rcintions end. Mathematical science only prepares the elomentary
material for intellectual working, and lies hidden in the simplest
relations ; but musical ideas come to light without its aid. What
couverts music into poetical art and rajses it out of the category of
physical experiment, is something free and spiritusl, and therefors
incapable of being reduced to caleulation, Mathematics has as much
connexion with production in the musical art as it Las with yrodue-
tion in the other arts, and no move.”—Page 66.

Few persons can seriously imagine that the beauties of muasical
composition car be produced by any mathematical process; but
the remarks quoted are equally applicable to the more specious,
plausible, and common delusion that the forms of musical
structare generally are determined by physical lawa: if they
were g0, musical beauty must be logically degraded into some-
thing producible by a process litile better than mechanical
maniprlation

“Man has not learnt the structure of music from nature. We roay
take it as firmly proved, that melody and harmony, our relations of
intervals, our scales, our distinctions of tonality, and sur equal tem-
perament, have been slow and gradual creations of the human mind,
Nature has given mau, musically, nothing beyond the voeal organs
and the desire to sing. Bhe has, however, endowed him with a capa-
city gradually 1o erect a musical system on the foundation of simple
natural phenomens, which remain as unchangesble supports for the
varions atructures he has built npon them. We must guard ageinst
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the idea that our present system is necesszrily founded in nature.
The experience that psople appear as naturally familiar with the
musical relations as if they were born to them, does not by any
means atamp the lawa of mueic as natural laws « it is only the couse-
quenoe of the infinite extent of musical eculture.”’—Pager 115, 116,

NOTE D.-—Fage 209.
BEATR

Te= phenomena of beate may be studied in the works of Helm.
holtz, Tyndall, or Sedley Taylor, or in an easay by the author of
the present work, published in * Nature ” for Januery 13th and
20th, 1896. A few details may here be added.

It will be gathered from the description in the text, that
beats may arise (1) from two fundamental sounds that are
nearly in unison : this kind may be called the wnison leat; or
(2) from two fundamental sounds which lie wider apart, but the
overtones of which approach each other within beating distance :
{his kind may be called the overfons beal. The nature of the
beats in each of these cases, and the rules governing their velo-
city, have been sufficiently illustrated by the examplea given.

There is, however, a third kind of beat which was pointed ont
by the celebrated mathematician, Dr, Bmith of Cambridge, in
his learned work on Harmonics, published in 1749, and was
afterwards further explained by Mr. De Morgan in the Cam-
bridge Philosophical Transections for 1858, It differs from the
first mentioned kind of beat, in that it arises from the imperfec.
tion, not of undsons, but of wide-npart consonances, such as the
third, fourth, fifth, sixth, and octave. It has been called the
beat of imperfect consonances. It iz well known practically to
organ tuners, and is apprecisble to any musical ear,

Taking the fifth as an example, let two notes forming this
interval be sounded on an organ or any instrument of sustained
tones, If they are perfectly in tune, the united sound will be
smooth and even, or at lesst will only be subject to the “rough-
nesa ' naturally inherent in the interval as mentioned in the
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text. Bul if one of the notes be sharpened or flattened a little,
a positive beat much more marked in character will be heard
just es in the case of the imperfect unison, and will increass in
rapidity as the note is made more and more out of fune.

There is some obscurity as to the real cause of thias beat. It
is explained by Smith and De Morgan to be a heat of the sasond
order, depending, nob like the unison beat on a cycle of differing
periods, but on a cyale of differing cycles. Helmholtz gives a
different explanation.

Ag this beat iz of considersble practical use, it may be aa
well here to give the rule for ite frequency, <.¢., for finding how
many hbeats per second will result from the concord being any
given quantity out of tune, and vice versa,

Let » represent the denominator of the fraction expressing, in
the lowaest terms, the true ratio of the concord (e.g., for the fifth

‘2, n = 2z ; for the minor sixthg,ﬂ = g, and so on); then let

g = the number of vibrations per second of the uppsr note,
either in exeess or deficiency of the number which would make
the interval perfectly in tune. Also let B = the number of
consonance beats per second; then, az a genersl formula,
Bmng

Applying this to the several consonances, we have the follow
ing results :—

For the unison or octave . B= ¢
o fifth . . B=n2q
»  fourth . . 8= 3q
» majorthird , . B=4q
»  minor third . B=rzxgq
»  major sixth . . B=g3g
»  inor sixth . . 8=1s¢e

It will now be easy to understand why beats are capable of
such great viility in a practical point of view, namely, aa giving
a means of measuring, with great ease and positive certainty, the
most delicate ahades of adjustment in the tuning of consonant
intervals. To get, for example, an octave, a fifth, or a thind
perfectly in tune, the tuner has only to watch when the beata
vanieh, which he can cheerve with the greatest cese, and which



314 APPENDIX.

will give him far more accurscy than he ocould possibly get by
the ear alone. Whereas, if he desires to adopt any fixed tem-
perament, he has only to caleulate the velocity of beats corres-
ponding to the minnte error which ghould be given to each
concord ; snd the required note may be tuned to its proper
pitch with & precision and facility which would be impossible by
the unaided ear,

The delicacy of this method would hardly be believed if it did
not rest on proof beyond question. For example, in tuning,
say, a fifth above middle C, the difference hetween g5 and 100
beats per minute would be appreciable by any one with a seconds
watch in his hand ; and yet this would correspond to a difference
of only ¢ of a vibration per second, or in pitch less than 434
of a semitone !

This uss of beats has been long practieed by organ tuners
to some extent, but its capabilities, a8 amplifed by the aid of
calculation, are certainly not appreciated or used as they might
ba,

There is ancther practical use of heats, also very interesting,
which has besn slluded to on page 32 of this work, namely,
thet they furnish a means of ascertaining the positive mumber
of vibrations per second corresponding fo any musical note.
Thie may be done eithex by the unisen or by the consonance
beat, as follows :—

For the unison beat :—Take two notes in unison on an orgsn,
a harmonium, or other instrument of sustained sounds, and put
one of them a little out of tune, 20 a8 to produce beats when
they are sounded together, Let ¥ and v represent the vibration-
numbere of the upper and lower notes respsctively. Then by
mesns of & monochord it will be essy to determine the ratio

E, which call m. Count the number of beals per second, which
¥
call . Then, since 8= ¥ - v, we obfain the simple equation,

Y =
m-1

which gives the sctnal number of vibrations per second of the
lower note of the twe.
The method of deducing the vibration-number from the con-
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sonance beat was pointed out by Dr. Smith ; but as this method,
#o far a8 I know, is not to be found anywhers, sxcept buried
under the masa of ponderous learning contained in his work, I

give it here in a simple algebraical form. I -’-2 represent the

true ratio of the interval, ¥ the actual number of vibrationa per
aecond of the lower note, and M the same number for the upper
one, the formula for the consonance beat becomes—

8

m—ﬁﬁ

Bw(m—ng)N;orN=

Now, s m and » are both known for any given conmcord, if
we can toll by any independent means the actual ratio of the

notes %{, we may, by simply counting the beats, calculate the

actual number of vibrations ¥ of the lower note. If the inter-
val is too flat, B must be +; if too sharp, it must be —. The
following example will show how thiz may be done:—

Iet it be required to determine how meny vibrations per

gecond are given by the note B_—g—~ I_ on an organ.  Tune

three perfect fifths upwards, and then o perfect mejor sixth
downwards, thus—

Fam Y1 ‘I’

3
| ¥ 10 H - r—r
= i

which will give the C an octave above the criginal note. But,
by the laws of harmony, we know that this octave will not be

in tune; the upper C will be too sharp, the ratio being %

instead of-;, as it ought to be Hanm%f = 2—;, an % --3.
Count the beats made by this imperfeet octave, and euppose
them = 192 per minute, or 3'2 per second, thex, as the interval
is sharp-—



316 APPENDIX.
-33
Na= h——s-s—l = 128;

g -

fa, the note === is making 28 double vibrations per

second,
This method bas the advantage of dispensing with the use of
the monochord, whieh was pecessary in the former case.

NOTE E.—Pags 152.
Taz Mean-ToNr TEMPERAMENT,

TrI8 was a system sdopted, ae etated in the text, for improving
the intonation of church organs in the most useful keys, and a
brief account of it may not be out of place.

According to the equal temperament, all keya are alike, and
all equally out of tune; but it was thought, reasonably enough,
that as only a limited nmumbher of keys are ordinarily in use, it
would be worth while to improve these at the expense of the
others which were so very seldom required. And this was
ingeniously done in the following way :—

It was found by experience that the interval in regard to
which the ear was most sensitive was the mgjor third, the
gharpness of whick in the equal temporament renders all major
triade so harsh and disagreeabls. The fundamental prineiple
therefore adopted on the aliternative system was to make the
major thirds harmonically true = .

For the purpose of symimetrical construction, it fext hecame
necessary to abolish the difference beiween the magjor tons, §,
snd the minor tone, %P, using for every tone in the ecale g

value = _‘\./_i, intermediate between them. This gave to the

system the name of the temperament by mean fones,
According to this, the diatonic ecale of C major was tuned as
followa, the numbers giving the Jogarithmic values, to five places,
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of the intervals from the lower C, the corresponding true and
equal values being added for comparison.

Mean Tous Trua Har- Equal Tem.

Tempararent TROLY, perament.
¢ . 30103 o103 Jor03
B . 27165 27300 27594
A . 22320 22185 22577
G . 17474 17609 17560
F . 12620 12454 12543
E . gbo1 9591 10034
D . 4845 (113 ‘5017
o . o [ [-]

It will be seen by this that the interval of the fifth is a little
more wrong than in the equal temporament, being about 4 of
e semitone too flat; but this is quite imperceptible in the
chord.

The menor third (= 7783) is also % of a semitonse too flat,
but ae the ear is very much less sensitive o ihis interval than
to the major shird, the error also passes unnoticed Now, as it
will be found that all the major triads, and all the minor triads,
in the scale are exactly alike, the whole diatonic series is prac-
tically in perfect tuns.

‘We have, then, to consider how this advantage may be ex-
tended to other keys, by the tuning of the black notes

First, we will tune F¥ to form a perfect major third to D
(=14536), and it will be found on trial that this will give a
similar well-tuned scries for the key of G.

Similarly, by tuning C§ to a major third from A (= 1907},
and Gf to & major third from E (m=19381), we get similar
scales for the keys of D and A respectively.

Proceeding now in the other direction, we tune B? as a major
third below D (= 25258), which will give us a similar well-
tuned scale for the koy of F; while by tuning Eb as a major
third below G (=7784), we get a eimilar scale for the key
of Bb,

This completes the sysiem of twelve notes to the octave, and
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by it we get the six keys of C, G, D, A, F, and Bb all perfectly
in tune, which, considering the enormous extent to which they
ore practically used, is certainly an advantage.

Let us see now what we lose

In the key of Ef we have all the triada perfectly in tune,
except that of the dominant. Thete is no DY; we are obliged
to use Eb instead of it (= 7784 instead of 6753), about 3 of a
semitone too eharp, and this no doubt is a harsh effect, called
technically a * wolf.”

Similarly, in the key of Eb, all the chords are in tune except
the subdominant, in which G has to be used instead of Ab,
giving a similar defect.

In some old organs (including the one at the Foundling
Hoepital, on which Handel used to play) two of the black
keys were divided, giving the two additional notes which were
wanted to correct these defects, and to bring the two keya
pamed perfectly in tune, This arrangement has been long
done away witk in organs, but it is still retained in the con-
certina, which is tuned on the mean-tone temperament, and
has fourteen notes in the octave.

In the kays of Ab, Db, BY, and Gb worse errors occur, and
these keys are very much out of tune.

On the whole, therefore, the case in regard to the mean-tone
temperament, a8 applied to church organs, stands as follows :—

There are twelve keys in which music may be played.

In six of thees, in which, perhaps, nine-tenths of the cxdinary
church music is written, or at least may be played without
material disadvantage, the organ is in perfect tune.

In two keys, both to & less extent in nse, there ig one faulty
and barsh chord.

In the remaining four keys, which never need be used at all,
except in temporary modulations from simpler keys, the organ
is badly out of tuns.

Thie state of things was in the olden time considered suffi-
cient to give & preference to the mean-bone system, the general
barmonious effect being coneidered ec great an advantage as
to outweigh the disadvantage of an oocasional harsh chord,

But mous avons changé fout cela. 'The organists insist on
having the power of playing in the remote keys, and there is
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no help for it but to put the whole organ cut of tune to plesse
them, Whether the pleasure of the andience in listening to a
cloging voluntary in Gb is so great as to compensate them for
having heard every chord during the service with o harshly
false third, is & matter that does not tronble the performer. .

In organs for general nse, with modern secular musie, of
course the whole conditione aze chanpged, and the mean-tone
systemn becomes inapplicable,

NOTE ¥.—Page 107,
BINGING IN FIFTHS.

SoME eminent composer, in his autobiographiy or letters, mentione
having heard singing in fifths by peasants in an Itelian town.
The author of this work heard the same in Londen at Christmas
1885. A strolling party were singing, in a etreet near the
Marble Arch, the hymn, “When shepherds watched their
flocks by night,” to the well-known tune, No. 44, in Hymne
Ancient and Modern. A man sang the melody in a baritone
voice, in about the key of @, which a woman and three chil-
dren accompanied in the alio a fifth ahove, thus—

The singing by both partics was fairly pood, and the fifths were
kept well in tune. Sometimes one party would stop for a few
notes (as street singers often do), and would then take up the
melody again quite correctly, showing that the interval of ths
fifth suggested itself quite naturally to them. It was curioua
thet the woman snd children should have chosen the fifth in
preferenca to the octave, which would have beem quite practi-
cable for them, though it would probably bave required more
exortion,
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A young lady who was at bend, a fair amateur singer, and
much accustomed to good mueic, was asked if ahe had any re-
marks to make on the street singing. She thought it sounded
somewhat strange, but did not appear to consider it offensive,
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L
HARMONIC OVERTONES,

TaE first point in the book which calls for comment oconrs
on pages 43-47, where the character of musieal sounds is
dealt with. Here Dr. Pole describes the discovery of
Harmonics (also cslled partials and overtones) by Helm-
holtz, and he correctly states that their discoverer made
use of two modes of experimental attack, viz, analysis and
synthesis, in order to prove their existence.

He showed by the use of his resonators, as analysers of
sound, that when a single note ie produced by the majority
of instruments, not one, but a number of different tones
are present together, Further, if two instruments sounding
the same note appear to the ear to have different qualities,
then the intensities of the different overtones, of which the
nots is composed, will also bhe different.

He showed by synthesis, by means of a series of electric-
ally driven tuning forks, that if a number of different tones
with suitable intensities are compounded, a single note
results, and that this note can be varied in quality by

x
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changing the relative intensities of its constituents. To
such a degree of excellence did Helmholtz carry these
gyntheeis experiments that he was able to imitate fairly
well certain vowels produced by the human voice.

For these experiments no one can have aught but
admiration, and with the deductions outlined above no one
would wish to disagree, namely, that the notes produced
by instruments are compounded usually of many simple
tones, and, further, that it is variation in the constituent
tones which changes the character of the note produced
by the instrument. Dr. Pole, however, goes further than
this, and etates that these constituents are harmonies,
i.e. that there is between their various frequencies (rates of
vibration per second) a strict mathematical relationship
which is expressed exactly by the numbers 1, 2, 3, 4, 5, 6,
etc. Thus if the fundamental sound of the note be produced
by 100 vibrations per second, then its harmonies will
consist of 200 and 300 and 400 and 500, ete., vibrations
per second, and not by 199, 202, 301, 404, ete.

The question that arises then is this: “ Is it a fact that
in the notes produced by musical instruments the over-
tones are always harmonic ?

The question is ocne of more than ordinary interest for
the reason that there are at the present time two rival
schools of thought with regard to the production of vowels
by the human voice. One school, of whom Miller is a
representative, states that the overtone constituents of
the vowel tones are always harmonic. The other echool,
of whom Beripture is 8 member, states that they are not.
Which, then, are we to believe ?

In favour of the harmonic view we have, firstly, the
theorem of Fourier, which states that any vibration (o
matter how complicated), which periodically repeats itself
unchanged, may be analysed inte harmonic compenents,
of which there may be an infinite number. Conversely,
therefore, to produce any periodically repeatable vibration
it is sufficient to add harmonic components together.
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In favour of the harmonic view we may also advance
the experiments of Helmholtz and others on the analysis
and synthesis of tones, in which the emitting elements in
the one case, and the receiving elements in the other,
were harmonically in tune with one another.

Lastly, we may point out that in the case of certain sound
producers it is easy to see how harmeonics could be pro-
duced. For example, in the case of a stretched string or
wire, if the wire vibrates as & whole, it produces the funda-
mental, But if by suitable means we produce a note at
ita centre, then it vibrates as two equal parts, and we get
the firat harmonie of twice the frequency of the fundamental,
If now we produce two nodes, then the second harmonic
of three times the frequency is produced, and so on,

Let us now subject these three pieces of evidence to
criticism, First, with regard to Fourier’s theorem, it should
be noted in the firat place that the vibration must periodi-
cally repeat itself unchanged. That is, the theorem would
not necessarily apply to the note of a gong, since the vibra-
tion sterts londly and rapidly dies away, ¢.e. the intensity
is varying all the time. Neither could we say that it must
apply to a violin note if the performer were causing the
piteh to vary slightly as in s tremolo. Nor could we
legitimately apply it to the human voice, if the vowel
were being changed during the singing of the note. Nor
does it: apply to any note of short duration. In other words,
unless pitch, intensity, and quality are kept constant for
certain time, the exact duration of which is not however
eagily ascertained, Fourter's theorem does not necessarily
apply, and therefore the constituents may be inharmonie.
Now if we consider in turn the various musical instruments
(including the human voice) with which we are familiar,
and if we sk ourselves how often, during the use of the
instrument, intensity, pitch, and quality are all constant
together for any period of considerable duration, our reply
must bs that the event is a somewhat rare one. We
conclude, therefore, that so far as Fourier’'s theorem is
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concerned, the evidence is that it ie only occasionally that
we can eay for certain that the note sounded cannot
contain any inharmonic constituents.

Taking now the experimental evidence for examination,
we must consider separately synthesis experiments, and
analysia experiments, Taking the former first we may
say that we can imitate fairly exactly the notes made by
certain musical instruments by sounding together other
instruments emitting pure tones (e.g. tuning forks), tuned
so that they form a harmonic series. Bince our ears provide
us with the means of making this judgment, the question
that at once presents itself to us is how far can we trust
our ears to decide a matter of this sort ? Because two notes
sound nearly alike, and one we know consists of harmonic
constituents, are we justified in drawing the conclusion
that there are po inharmonic constituenta in the other %
I do not know of any experimental evidence on which
we can base an answer to this question, so that as far as
synthesia experiments go we must leave the matter of
harmonics undecided.

Analysis experiments have been done in two ways,
firstly, by the direct method using resonators, secondly,
by the indirect method using a gramophone or phonodyke
to produce a record of the sound vibration, and an
harmonic analysing apparatus for splitting the record of
the sound up into its components, About the former
method we can say that only comparatively recently, with
the introduction of the thermionic valve, have resonators
been devised which could either be really sharply tuned,
or which could be used for measuring the absolute intensity
of the tone setting them into vibration. And that, so far
&3 1 am aware, no experiments have been done to detect
the presence of inharmonic constituents in a musical note
by their meane. A similar statement may be made with
regard to the phonodyke or gramophone record followed
by harmonic analysis.

I may mention that it is because experimental evid nce
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is either lacking or is indecisive that I have called attention
to this matter here. With the modern methods of sound
analysis at our disposal the matter of inharmonic overtones
might be one not difficult to settle.

Turning lastly to the musical instraments themselves,
we find in the case of string instrumenta that the fact that
the wire or string has stiffness, and that the supports of the
string or wire are not rigid, but give under the forces applied
by the string, makes the tones inharmonic with the funda-
mental which a string of given length, weight, and tenzion
ean produce by the formation of 1, 2, or 3 or more nodes.
(See Barton’s Text-Book of Sound, pp. 236-237.) If the
string be caused to vibrate by plucking (ss in the mandolin,
guitar, or banjo, or in the viclin when played pizeicato),
so that the intensity of the sound produced diee away
rapidly, then the overtones will be inharmonic because of
the effecta produced by the rigidity of the wire and the
non-rigidity of its supports. Only if the string be made to
produce sound of constant intensity, pitch, and quality, e.g.
in the hurdy-gurdy, when the handle of the rotor is turned
with uniform velocity, or in the violin possibly by very
uniform bowing, will the overtones necessarily be harmonie.

In the case of wind instruments other than those pos-
sessing reeds, e.g. the open and closed organ pipes, we find
that the tones which are produced by the introduction of
one or more nodes are inharmonic with the fundamental,
owing to the finite diameter of the pipe, and the effect of
the mouth of the pipe. In the case of wind instruments
ponsessing reeds, which are essentially metal bars clamped
at one end, we find that the tones produced by introducing
nodes are definitely inharmonic with the fundamental tone
of the bar or reed. (See Tables X. and XII., pp. 286, 28q,
Barton's Text-Book of Sound.)

We may say, then, that although in all these cases if
intensity and pitch are kept constant, and the instrument
speaks for a considerable time, the constituents of a note
may be harmonic according to Fourier's theorem, the
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possibility is that when these conditions are not obeyed
the opposite is the case! We must conclude, thereiors,
that the view that the overtone comstituents of a note
must be harmonic is very far from being proven, and
therefore pending fresh experimental evidence we must
think of the quality of a tone as being something due
not only to the relative intensities of harmonie constituents,
but also possibly to inharmonic cnes as well,

IL
QUALITY OF TONES.

“The character of string tones,” Dr. Pole says on page 55,
“ varies considerably, according to the manner in which the
sound is produced.” . . . “ When = string is pulled from a
narrow point or hit with a hard narrow hammer—theory
shows that the higher subsidiary vibrations (* overtones *’)
ought to be more numerous and powerful than when the
string is pulled with the soft broad finger or struck with a
broad soft hammer, and hence the tone in the firat case will
be thin and metallic, in the latter full and mellow.” This
association of Dr. Pole’s, on the one hand, of richness in
harmonics and a thin effect, and on the other of poorness
in harmoniecs and a full mellow one, iz to be contrasted
with the statements he makes on page 45. Simple tones
{(poor in harmonics) are soft, dull, and monotonous, and
entirely devoid of shrillness or brilliancy. “ On the other
hand, the addition of overtones gives life, richness, brilli-
ancy, end variety to the sounds.”

The reader will observe an apparent contradiction, The
addition of overtones is stated to produce in the one case
what their removal does in another, This apparent con-
tradiction is readily explained in the light of experiment.
If the whole of the energy is concentrated im the funda-

3 Ses Helmboltx, Semsations of Tone, trans. A, J. Ellis; 4th od, pp. Jo-74.
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mental, the sound, as Dr. Pole says, is monotonous, e.g.
that of a closed organ pipe or a faintly sounding tuning
fork. The term droning is sometimes applied to ita char-
acter, If the energy is distributed between fundamental
and 1et, 2nd, and 3rd harmonie, the tone is rich like that
produced by a good ’cello, or the human voice when singing
“ar,” If the energy is distributed between fundamental
and 1st to 8th overtones, the tone is more incisive and
less mellow, like the quality of sound produced by a bugle
or a cornet played with tightly compressed lips, or the
human voice singing ““ee.” It is a8 if an optimum had
been reached with I, 2, and 3 overtones, so that an increase
or 8 decrease in the number givea a less good effect. This
explains why a string hit by a narrow hammer gives less
good results than one excited by a wider one, while at the
same time a pure tone is inferior to a tone in which, let us
say, the firat three overtones are strongly represented.

IIL
THE PITCH OF THE VOICE.

“ The pitch ' (of the voice), Dr. Pole says on page 61
of his book, * depends on the tension of the vocal chords,
determining the velocity of their vibration, and the loudness
on the energy of the oscillations given to the passing air ;
but the quality of the tone appears to depend chiefly on
the resonance of the air-passages.” The commencing state-
ment of the above paragraph requires some revision, be-
cause there is strong evidence that beside the tension two
other factors affect the rates of vibration of the vocal
chords. In the case of a stratched string or wire we know
that the three important faectors are tension, mass, and
length. We have every reason to think that all three are
varied in changing the pitch of the voice. Let us consider
length first. The so-called vocal chords consist not alone
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of atretched membranes, but also of two little bones as
well, ““ the arytenoids.”” When the voice is producing its
lower tonea, ¢, tones of the zo-called cheat register, the
whole of the chords vibrate, including these little bones.
When the voice is producing its upper tones, on the other
hand, 1.c. tones of the so-called middle and head registers,
the bones are held rigidly by their muscles, and therefore
vibrate but little or hardly at all. Since the bones form an
important part of the chord, the abolition of their power
to vibrate is equivalent to decreasing the effective vibrating
length of the vocal organ. Let us now consider Maas.
Histological evidencs can be advanced in favour of the
statement that the membranous part of the vocal chords
consista of two important mechanisms, Firstly, a central
core of fibrous and musecle tissue, which is varied in length
as above described, in changing from the chest to ¢ne of
the upper registers, and in tension in order to change the
pitch within any given register. Secondly, an outside fold
formed partly of mucous and submucous tiesue, and partly
of muscles. Between these two structures ia very loose
areolar tissue, so that the fold can be moved on the core
in much the same way that the scalp can be moved on the
cranjum. The muscle which carries out this movement
is the internal thyro-arytenoid ; but, since it pulls on both
upper and lower parts of the fold at one and the same time,
the result is not so much a movement of the fold as a
thinning of the fold by atretching it taut over the central
core above alluded to. This thinning produces a decrease
in the mass of the vibrating edge of the fold which other
things, being equal, will cause the pitch to rise. In this way
ia probably produced the change from the middle to the
head register in moat voices. It must be carefully noted,
however, that the division of the acope of the voice into
registers is largely an arbitrary one. That, futther, the
description given above of the change from chest to middle
register by a change in length, and then from middle to
head register by s change in mass, of the chords, is almost
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certainly too arbitrary as well. The truth probably is that
mass, tension, and length are continually changing, and
that it is only training which teaches the combination
which givea the best effects with any one voice at any one
time.

This may be expressed another way. Possibly an
important factor in the power of expression of the human
voice is the ability to independently control the mass,
tension, and length of the vocal chowds.

Iv.
VOWEL CHARACTERISTICS,

“ The varieties of vocal sounds,” says Dr. Pole on page
63, ‘ differ essentially in their constitution from those of
arilficial instruments, Inasmuch as in the latter, for a
certain quality, we suppose that the arrangement of strength
of overtones bears always the same relation to the funda-
mental, whatever this may be, whereas, in the voice the
peculiar quality producing the vowel sound depends on the
strengthening of certain fized notes (Dr. Pole's italica) of
the scale, or some very near them independent altogether
of the pitch of the fundamental.”

There are two counts on which we must criticise the
above paragraph. In the first place, we must regard Dr.
Pole’s atatement with regard to instruments {that their
overtonea alwaye have the same strength to the funda-
mental), as too sweeping.

That the relationship between the intensities of the
fundamental and the intensities of the accompanying
overtones is the same : (@) for al! instruments of one apecies
(e.g. the wviolin), when sounding the same fundamental
with the same intensity, and (b) for any given instrument
sounding tones of different intensity and pitch.

Let us consider (a) first. If, for example, the case
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of the violin be taken, and if the atatement is accepted
that the strength of the overtones bears always the
game telation to the fundamental, no matter what
violin is being played, this would seem to be equivalent
to saying that the sounds produced by all violins
are alike, and that there iy no difference in the quality
of the tone produced by different violine. For example,
such as would justify the designation of one violin
as valueleas and another as valuable, Is it not munch
more probable that the relationships between the inten-
gities of overtones and fundamental vary considerably in
different instruments, and that it is just this property
which malkes violins differ in value ? If, then, we make thia
concession in the case of the violin, are we to exclude other
classes of instruments? For example, are all flutea or
clarionets alike in the gmality of the sounds they produce %
Surely not! a practised player would probably say that
no two were alike.

Let us now consider {§) above, and investigate whether
there is a constant relationship between the intensities of
the fundamental and overtones in the notes of different
pitch produced by any specified instrument. Experi-
mental evidence is rather meagre on this point, but Miller
quotes in his book ! certain measurements made by himself
on the overtones of the flute, violin, and horn. In all three
cases large variations in the relative intensities of the over-
tones o the fundamental are found when tones of different
intensity and pitch are produced. In none of these cases
is a constant relationship found to exist such as Dr. Pole
suggested.

Bo also the pecond part of Dr. Pole’s paragraph comes up
for eriticism, because it is almost certain that the vowel
sounds do not depend on the strengthening of certain
Jized notes. Are we to believe that a boy and a man both
singing the ** ar ’ in the word *‘ heart,” for example, with a
pitch of 240 v. per second, have the same partials reinforced

2 Tha Scienca of Musical Sounds. New York, 1916,
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to the aame degree in the two cases ¥ If we are, how shall
we explain that we know from the sounds produced the
singer to be in one case a boy and in the other case a man ¢

Experiment has shown, moreover, that when the sounds
produced by different human voices are subjected to
snalysis, the resnlts are found to differ markedly from one
another. Even when the pitches sung are the same, and
the vowels are the same, the intensities of the overtones
have been found to be very different. But, further, if as
most of us now believe the accentuation of the overtones is
due to their correspondence with the natural frequencies
of certain parts of the air-passages leading from the lunge
to the mouth, of which the sub-chordal and the supra-
chordal parts are probably the most important, and the
nasal and buccal the less important, then it follows that
the overtones accentuated by different individuals must
differ, since the dimensions and therefore the natural
frequencies of the air-passages differ not only with age,
but also with sex and race.

v.
THE ANCIENT MODES.

Chapter IX. on “ The Ancient Modes "’ (pages T10-121),
will be found more interesting and more easily understood
if the reader will, as he reads, try a simple experiment on
the piano or organ. Let him take some simple air with
which he is very familiar, such, for example, as “ God
Save the King,” and, keeping always to the white digitals
of the instrument, play first commencing on the digital
of “middle” C. He will find that he is playing in the
modern major key, which, according to Dr. Pole’s tabls on
page I2I, corresponds to the ancient Greek Lydian. Let
him now replay commencing on the digital A. He will
find himeelf playing in the modern minor key or ancient
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Hypo-Dorian. Let him similarly commence in turn on the
five remaining digitals, C, D, E, ¥, and G, which correspond
respectively to Mixo-Lydian, Phrygian, Dorian, Hypo-
Lydian, and Hypo-Phrygian. All the five latter will
probably sound very strange to him. This tends to show
how thoroughly the modern major and minor keys have
excluded the other modes from music with which we are

VL
KEYED INSTRUMENTS WITH JUST INTONATION.

“In keyed instruments,” says Dr. Pole on page 152,
* it is no doubt difficult to get true intonation consistently
with reasonable simplicity of construction. It has, however,
been shown to be possible to make organs or harmoniums
of limited size which shall fulfil this condition.”

Dr, Pole is doubtless referring $o two most ingenious
keyboards, one invented by Mr. Bosanquet, and one by
Mr. Paul White. Both these experimenters use 53 tones
in an octave. Mr. Bosanquet’s manual has 84 keys or
digitals per octave, Mr. Paul White's 56 only. There aze
thus 31 duplicates in the former, but only 3 in the latter.
In both, the positions of the fingers with regard to one
another, and the distances of the hands apart, is the same
noe matter what key ia being played in, A child having
learned to play in one key could, without relearning, play
the same piece in all other keys. The child would not
have to relearn hig piece twelve times as he does with the
ordinary keyboard in order to play in the twelve possible
keys provided by the piano or organ. The outstanding
advantage of Mr. Bosanquet’s arrangement over Mr.
White's is that the use of the keyboard is easily acquired
by a pianist, the fingering for all major keys resembling
that for A major on ordinary instruments. This property
of enabling transposition without relearning from one key
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to another, combined with the additional property of
practically just intonation, make so valuable a combination
that we may well consider for 8 moment the coat of pro-
ducing such a result. At first sight the cost appears to be
very great, for instead of 12 digitals to an octave we must
now provide 84 with their corresponding strings (if the
instrument be a piano), or pipes or reeds (if it be an organ) ;
that is, the instrument becomes at least seven times as
costly and cumbersome as it is now. But this is an over-
estimate, since of the 84 digitals, 31 are duplicates and
therefore 53 strings, pipes, or reeds per octave would suffice.
A physiological consideration now comes in, namely, that
53 tomes per octave are almost certainly required for
adequate justness of intonation for the middle parts of the
mueical scale, because the ear is most acutely sensitive to
discord here ; on the other hand, a Tess number would suffice
in high or low parts of the scale where the sensitiveness
of the ear is lesa acute. Precise data, on which an exact
estimate could be hased, appears to be lacking, but suppose
that it were found by experiment that while 53 tones
per octave are required for the three middle octaves of
the musical scale, while half that number, say 26, sufficed
for the two octaves, one above and one below these central
ones, and half that number again (say the usual 12) sufficed
for the two extreme end octaves, then the total number
of strings or pipes for the seven octaves would be 237 instead
of the usual 84, ¢.e. only three timea the usual number.
Now in the case of both piano and organ it is the low
notes which require moat room. In the case of the organ
the lowest octave, according to theory, occupies eight
timea the cubic capacity of the one next to it, and so on.
But in this octave the number of pipes remains the same
with the modified Bossnquet’s manual, which we have ont-
lined above, as with the ordinary manual. It is therefore
possible that the new arrangement might be fourd to make
neither piano nor organ much more bulky or costly than at
present.
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This rough estimate appears to me to bring the intro-
duction of suck & manusl into practical politics, and to
indicate that the cost may not be great compared with the
two valuable gains of approximsately just intonation and
identical fingering for the different keys.
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VOLUMES PUBLISHED

Phllooophwal Studies. By G. E. Moore, Lif.D., Professor
hy in the University of Cambridge, author of
Prmczp:.a Ethica,’ editor of ‘ Mind ', 15s, net.
! Students of philosophy will welcoms the publication of this volume. Tt ia
full of intereat and gtimulus, even to thoss whom it fails to convines.'—
Oxford Magoxine. ' A valuable contribution to philosophy.'—Speciater.

The Misuse of Mind : a Stody of Bergson's Attack on Intel-
lectualism. By Karén Stephen. Preface by Hewri Bergson.
Gs. 6d. net.

This book about but it is not of the

axpmhom“‘ Ithmgmhtit:mymmmmmﬁ

which is in inverse ratio to its quantity, for it focusses our attention on one

and succeeds in bringing it out with masterly clearnses,”-—

single
Timcss Litavary Supplement.

Conflict and Dream. By W. H. R. Rivers, M.D,, Ls#.D.,
F.R.S. Preface by Professor G. Elliot Smith. 12s. 6d. net.
'mvmh&dthatlundafwmmndmgwgourthatismofthemuhd
genivs, Nothing could be more fascinating than to watch him separating
the gold from the alloy in Freud's theory of dreams. His book is as different
from the uaal Frendian book on the sams subject a8 is & book of astronomy

from a book of astrology.'—Daily News,

Psgcholo}gy and Polmcs. and Other Essays. By W. H. R.
Preface by Professor G. Elliot Smsth, Apprecia-
tion by C. S Mycrs,.FRS 12s. 6d. net.
‘In all the essays in this volume one feels the scientific mind, the mind
that puts tmth first. Each of the essays is interesting and valuable.'—
Nsw Laader. * Thia volums is a fine memorial of a solid and cantlons
scientific worker.'—Havelock Ellis, in Nadion.

Medicine, Magic, and Religion. By W. H. R. Rivers, F.R.S.
Mﬁy Professor G. Eufos Smith. Second edition, ros. 6d.
net.

* This volums is a document of first-rate importance, and it will remain as
& worthy momument to ita od author.'—Times Literary Swppls-
wani. © Always, as we read, we fsel we are in close contact with 4 mind
that is really thm.hng —Nation.

Tractatus co-Philogophicus, By Ludwig Witigenstein.
Introduction y Bertrand Russell, F.R.S. 10s. 6d. net.
This t ortant book talnin ideas
e e o
tehldbmlodtonppounttobe'—Nw Quite a3 exciting as

TheMmurementofEmouon. By W. Whaiely Smith, M. A,
Foreword by Williaws Brown, M .D., D.Sc. 10s. 6d. net.
*T lhou.ldglwad valae interested pxehok)gy
. mmtg::::ﬂu hm&%oﬁg u‘smﬁhﬁ
iqrmanobwctluminplychologlﬂl SemDiscovery,
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Scientific Thought. By C, D. Broad, Li#i.D., Lecturerin Philoso-
phy at Trinity College, Cambridge. Second edition, 16s. net.
* ‘This clossly-reasoned and particularly lucid book is certain to take a chief
phoemmdmmdmemtqremimpmd&emomd
ﬂ::dfhyﬂmlunivm 'I'hebookww:l;ﬂ.wiﬂtlmtutand An

ectnal achisvement of the highest —T'imas Litavary Supplomont.
P?chologiml Types. By C. G. Jumg. Translated with a
Foreword by H. in Baynes, M B, Third edition, 25s. net.

“ Among the psychologists who have something of value to tell ua Dr, Jung
holds & very high place. He ia both sensitive and acuts; and so, like a
great writer, he convinces us that he is not inndequate to the immense
complexity and subtlety of his material. We are conscicus throughont of
a ssnsitiveness, a wide range of understanding, a fair-mindednsss, which
give us a real respect for the authar."—Times Literary Supplement.

Character and the Unconscious: a Critical Exposition of the
Psychology of Freud and Jung. By j. H. van der Hoop.
108, 6d. net.

* His ook is an admirable attempt to reconcile the theories of Jung and

Freud. He shows that the positions taken up by these two psychologists

are not as antagonistic as they appear at first sight. The book contajue o

very adequate account of Freud's teaching in it salient features, and his

treatment of both thevries is clear and sympathetic.’—MNew Siafasman.

The Meaning of Meaning: 2 Study of the Influence of Lan.
e upon Thought. By C. K. O%sn and I. A. Richards.
upplementary Essays by Professor B. Malinowski and F. G.
Crookshank, M.D., Third edition, 12s. 6d. net. -
* The anthors attack the problem from a more fundamental point of view
than that from which others have dealt with it. The importance of their
work is obvious. It is & book for educationists, ethnologists, w?rammrim
logicinns, and, above all, paychologists, The book is written with admirable
clarity and a atrong sense of humour.'——Naw Stalesman.

Scientific Method. By A. D. Ritchie, Fellow of Trinity College,
Cambridge. 10s. 6d. net.

* The fresh and bright style of Mr. Ritchie’s volume, not without a salt of

hemour, makes it an interesting and pleasant book for the general reader.

Taken as a whole it is able, nsive, and right in its main argoment.”

—British Medical fowrnal. ‘ His brilliant book."—Datly News.

The Psychology of Reasoning, By Ewugenio Rignamo, Pro-
fessor of Philosophy in the University of Milan. I4s. net.

* The th is that reasoning is simply imaginative experimenting. Such

& theory offers an sasy explanation of error, and Professor draws

it out in & very convincing manner.'—Timss Lilerary Suppiement.

Chance, Love and Logic: Philosophical Essays. By Charies
S. Peirce. Edited with an Introduction by Morris R, Coken.
Supplementary Essay by Johs Dewey. 12s. 6d. net.

* Tt is imposaible to read Peirce without recogniring the presence of a superior

mind. was something of a jus'—F. C. 8. Schiller, in Spectator,

*It is hers that one saos what a brilliant mind he had and how independently

he could think.'—Nation.
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The Nature of Laughter. By J.C. Gragory. 108, 6d. net.

! Mr, Gregory, in this fresh and stimulating study, joina issne with all his
predecassors.  In our {ndgment he haa made a distinct advance in the stady
of Inughter ; and his remarks on wit, humour, and comedy, are most dis-
criminating,"— fournal of Education.

The Philosophy of Music,. By William Pole, F.R.S., Mus. Doc.
Edited with an Introduction by Profsssor E. J. Dent and a
Supplementary Essay by Dr. Hamilion Hartridge, 10s. 6d, net,

‘ Thig Is an excellent book and its re-issue should be welcomed by all wha

takes more than a superficial interestin sousic, Dr. Pols osmed notonlya

wide knowladge of these matters, but also an atiractiv lo, and
combination has enabled him to set forth clearly and_suﬂ‘ie@en y completely
to give the general reader a fair all-round grasp of hiz subject."—Discovery.

Indmdunl Psychology. By Alfred Adler. Second edition,
18s, net.

‘ He makes & valuable contribution to psychology. His thesin is extremely

simple and comprehensive : mental phenomena when correctly understood

may be regarded as leading up to an and which consists in establishing the

sabject’s muperiority.'—Discovery.

The Philosophy of * As If’, By Hans Vaikinger. 25s. net.

‘ The most impottant contribution to philoeophical literature in a quarter
of 8 cont Briefly, Vaihinger amasses mdance ta prove that we can
nrrive nt ies which work pretiy well by '’ consciously false assump-
tions”. Waknow that these fictions in no way reflact raality, but we treat
them as if they did. Among sach fictions are : ths average man, freedom,
God, empty apace, matter, the atom, infinity."—Speciator.

Speoulations : Essays on Humanism and the Philosophy of Art.
By T, E, Hulme, Edited by Herbert Read, Frontispiece and
Foreword by Jacob Epstein, 10s. 6d. net.

* With its peculiar merits, thia book is most unlikely to meet with the
%‘m wmpmhmﬁumthemalreﬂewer Hulme was known as &

t talker, & brilliant amsteur of metaphysics, and the anthor of two
wthmolthemtbuuhhlahmtpoemm langaage. Inthisvolome
he nppears as the forerunner of a new attitude of mind."—Cnidenion.

The Nature of Intelligence, By L. L. Thurstons, Professor
of Psychology in the University of Chicago. 10s. 6d. net.
hdnmm&aﬁngmmutbmﬂmofmamtmdmwhgm
the Academic, the Psycho-analytic, the Behavicurist.
vioews, he oundshiatheaisthatconsdomusmnnﬂmnhedachon. His
book is of first importance, ALl who make nse of mental tests witl do
well to come to terme with his theory.'—Times Literary Supplement,

Telepath yance, By Rudolf Tischner. Preface
bye? jy Dingwail. Wxthzo:]lustmhonsyms 6d. net.

' Such investigations may now expect to receive the grave attemtion of
modern reades.  They will find the material here collected of great value
«nd interast., The chiel interest of the book lies in the ta it
records, and we think that these will parsuade any reader free violant
wthutthepmtshhdthewﬂmmuﬁhmatm
an open mind regarding thelr possibility."—Timar Literary Supplewcent.
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The Growth of the Mind : an Introduction to Child Psychologh
By K. Kojffka, Professor in the Unjversity of Giessen, F
ition, revised and reset, 15s. net.
* His book is extremely interssting, anditishobehapadthatitwﬂ]b.
widely read.’—Timass Lilsrary S . Lesonard Woolf, reviewing this
book and the following one in the Nation, writes : ' Every serious student
of plychologz:;ught to read 'i:g[rh Apes], and he should supplement it by
rea.d;:g The Growth of the Mind, for Professor Koffka joins up the results of
Kahler's observations with the results of the siudy of child-psychaology.’

The Mentality of Apes, By Professor W. Koshler, of Berlin
University. Third edition, with 28 illustrations, 10s. 6d. net.

' May Fairly be said to mark a turning-point in the history of gsychology.‘

The book is both in substance and form an altogsthar admirable plecs of

work. Itis of absorbing interest to the paychologist, and hardly less to tha

layman. His work will always be regarded as a classgie in ita kind and &

modal for future studies ' —Times Lilevary Supplement.

The Psychology of Religious Mysticism, By Professor James
H. Lewba, Second edition, 155. net.

‘ Based upon solid research."—Times Lilerary Supplemont. ‘' The book Is
fascinating and stimulating even to thoss who do not with it, and it
is scholazly as well as scientific.' —Revisw of Reviews, ‘ The most success-
ful attempt in the English janguage to penetrate to the heart of
mysticism."-Neow York Nation.

The Psychology of a Musical Prodigy. By G. Rsvess, Director
of the Psychoﬁ;gica.l Laboratory, Amsterdam. 108. 6d. net.

* For the firat titoe we have a scientific report on the development of &

musical genius, Instead of being dependent on the vaguely marvellous

report of adon% relatives, we enter the more satisfying atmosphers of
ige tests, at Erwin is a musical genius, nobody who reads thiy
k will doubt."—Times Literary Supplement.

Princigalles of Literary Criticism. By I. A. Richards, Fellow of
Magdalene College, Cambridge, and Professor of English at
Peking University. Fourth edition, 10s. 6d. net.

" An important contribution to the rehabilitation of English criticism—
perhaps because of its sustained scientific nature, the moest important
contribution made, Mr, Richards begins with an account of the t
chaos of critical theotles and follows with an analysis of the f y in
modern acsthetics.'—Cridsrion.

The Meta%miml Foundations of Medern Science. By
Professor % A. Buril. 14s. net.

¢ This book deals with a profoundiy interesting subjact. The critical portion

ia admirable.‘;ﬂegmnd Ruu;lll, in Nation. ' Abj history of gmn and

development of what was, until recently, the metaphysi

ciated with the scientific outlook. . y. . S adm

Times Literary Supplement.

The Psychology of Time. By Mary Sturt, M.A, 7s.6d. net.

* An interesting book, €ypical of the work of the younger psychologiats of
to-dey. The clsar, concise styls of writing n.dd.lygreatly P;Ym pleasure
of tha reader.’— fowrnal of Education.

¥ waso-
quite admirsbly done.’—-
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ology and Ethnology. By W. H. R. Rivers, M.D.,Li#.D.,
.R.S. Preface by G. Elliot Smith, F.R.S. 18s. net.

* This aotice in no way exhausts the treasures that are to be found in this
volume, which really raquiras long and detailed study. We congratulate
the editor on producing it. It is 2 worthy monument to a great man.’—
Soturday Review. ' Ex ing he has written concerning anthropology is
of interest to serious students.'—Times Literary Supplement,

Theoretical Biology. By J. vox Uexkill. 18s. net.

* It is not easy to give & critical account of this important book. Partly
beceunse of its ambitious scope, that of re-setting biological formulations
in a new synthesis, partly because thers is an abundant use of new terma.
Thirdly, the anthar'a arguments are so radically important that they cannot
justly be dealt with in compass. No one can read the book without
feellng the thrill of an unumally acute mind.'—J. Arthur Thomson, in
Journal of Philosophical Studies.

Thought and the Brain. By Henwri Piéron, Professor at the
Collége de France, 12s. 64. net.

* A very valuable summary of recent investigations into the stracture and
working of the nervous system. He is prodigal of facts, but sparing of
theories. His book can bs warmly recommended as giving the reader &
vivid idea of the intricacy and subtlety of the mechanism by which the
human animal co-ordinates its impressions of the outside world.'—Times
Litarary Supplmmant.

Sex and Repression in Savage Society. By B. Malinowski,
Professor of Anthropology in the University of London.
108. 6d. net,

"This work is a most important contribution to

anthropology and
paychology, and it will be before our text-booke are brought up to the
standard which is hanceforth indispensable.'—Satwrday Review,

Social Life in the Animal World. By F. Alverdes, Professor
of Zoology in the University of Marburg. 10s. 6d. net.

* Most intete and useful. Hebas collected a wealth of evidence on groap

g;oyﬁhology.’ anchestor Guardian. * Can legitimately be compared with
ler's Maniality of Apes.'—Nation. * We have learat a great deal from

his lucid analysis of the aprings of animal behaviour.'—Saturday Review,

The Psychology of Character. By. A. A. Roback, Ph.D.
Third ’:éihtion, yzrs. net.

‘ He gives a most complete and admirable historical survey of the study of
character, with an acconnt of all the methods of :gpmch and schools of
thought. It comprehengiveness is little short of a miracle; but Dr.
Roback writes clearly and well ; his book in as interesting s it is erndite.’—
Now Slaiesman. _

The Social Basis of Consciousness, By Trigani Burrow,
M.D., PRD. 12s. 6d. net.

* A most important book. He i3 not merely revolting agningt the schema-
tiam of Freud and his pupils. He brings somsthing of very great hope for
the solution of human incompatibilities. Paycho-analysia already attacks

of c religion, politics. But Dr. Burrow’s book seeins to
promise & wider cutlock npon onr common lifs.'—New Statssman.
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The Effects of Music. Edited by Max Schosn. 138, net.

‘ The resnits of such studies as this confirm the obaervationa of experience,
and snabla us to hold with moch greater confidence views about such things
as the durability of good mowic comparad with bad,—7Times

5 meni. * The facts marshalled are of interest to all music-lovers, and
particularly so to mmslciany. ' —Musical Mirror.

The Analysis of Matter., By Berivand Russell, FR.S. zm.
net.

* Of the first importance not only for philoaophers and phy=slcists but for
! tbeﬁneul reader too, The first of ity three parts supplies a statement
| and tagretaﬂm of the doctrine of relativity and of the quantum theory,

done with hig habitual uneanny lucidity {and burocur), as is indeed the

rest of the book,' —Manchester Guardian. * His present brilliant book is

candid and stimulating and, for both its subject and its treatment, one of

the best that Mr. Russell has given us.’-—Times Literary Supplement.

Political Pluralism : a Study in Modern Political Theory, By
K. C. Hsigo. 10s. 6d. net,

‘ He deals with the whole of the literature, considers Gierke, Duguit,
Krabbe, Cole, the Webbs, and Laski, and reviews the relation of pluralistic
thought to repressntative government, philogophy, law, and international
relations. There isno donbt that he has a grasp of his subject and breadth
of view."—Yorhshirs Post, ‘' 'This is a very interssting book. —Mind.

The Neuwrotic Personality, By R. G. Gordon, M.D,, D.5Sc.,,
F.RC.P.Ed, ros 6d.net. .

‘ Such lmowledge as we have on the subject, coupled with well-foundad
speculation and presemted with clarity and judgment, is offersd to the
veader in this interesting book.'—Times Literary 5 meni. ' A most
excellent book, in which he pleads strongly for 4 rational viewpoint towards
the psychoneurcses.'—Nature.

Problen;s in Psychopathology. By T. W. Mitchell, M.D.
9s. net.

‘ A masterly and reasoned summary of Freud's contribution to paychology.
He writes {emperately on a controversial subject.’—Birmingham Post.
‘ When Dr. Mitchell writes anything we expect a brilliznt effort, and we are
not dissppointed in thiy series of lectures.'—Nature.

Religious Conversion. By Sante de Sanctis, Professor of
chology in the University of Rome. 12s. 6d. net.

' He writes purely asa ist, excluding all religions and metaphysical

mmpﬁong. I{u pmocggrly unde?'lltnfud.. hl%l i }5 J|rw\lall- :

documented book will be found of great value alike by those who do, and

those who donot, share his view of the psychic factors at work in conversion.’
Daily News.

Judgment and Reasoning ie the Child, By Jean Piags,
Professor at the University of Geneva. 10s. 6d. net.

* Hia new book is further evidence of his cautions and interesting work.
We recommend it to every student of child mentality.'—Spaciafor. ‘A
minute investigation of the mental processes of early childhood. Dr.
seembou:toundmtetheimpwhnuofhillnvuﬂ?ﬁm. He o8
some original contribations to logic.'—Times Lilerary Supplement.
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The Art of Interrogation, By E. R. Hamilion, M. A., B.Se.,
Lecturer in Education, University College of North Wales.
Introduction by Profcssor C. Spearman, F.R.5. 4s. 6d. net.

! His practical advice is of the utmost possible value, and his book is to

ba recommended not only to teachers but to all parents who take any

interest in the sducation of their children. It ssta out first principles with

Incidity and fairness, and is stimulating.’— Saturday Revisw.

The Growth of Reason: a Study of Verbal Activity. By
Frank Lovimer, Lecturer in Social Theory, Wellesley College.
108, 6d. net.

* A valuable book in which the relation of social ta organic factors in thoaght
development is traced, the argument baing that while animals may live
well by instinct, and primitive communities by culture patterns, civiliza-
tion can live well only by symbols and logic."—Lancet.

The Trauma of Birth. By O#fo Rank. 10s. 6d. net,

! Hia thesis aagerin that the neurotic patient is still shrinking from the pain

of his own birth. This motive of the birth trauma Dr. Rank follows in many
. psychological, medical, and cultural. He sees it as the root of
, art, and philosophy. There can be no doubt of the illumination

whld:l Dr. Rank's thesis can cust on the neurotic psyche.'—Times Literary

Swupplomant.

Bmloglcal Principles. By J. H. Woodger, B.Sc., Reader in
ology in the University of London. 21s. net.

The tank Mr, W has undertaken must bave besn very difficult and
iaborious, but he may tulated on the result,'—Manchestor Guardion.
* No biologiat who really wi to face fundamental problema should omit

to read it —Naiurs.

Principles of Experimental Psychology, By H. Piérom,
Professor at the tge de France. ros. 6d. net.
'Tmhng chology as the sclence of reactions, Professor Pidron ranges
wﬁﬁeldmumuteﬂyﬂmmé ‘Wa do not know of any general
workonthamb;ectwhxchiuw letely modem in its outlook, As an
intreduction to the whole sub]o;)ﬁ book appears to ns very valuable.”
Times Litorary Supplsment,

The Statistical Method in Economics and Political Science
By P. Sargani Florence, M.A., Ph.D., Professor of Commerce

in the University of Bimningham. 25s. net.
* It sams up the work of all the beat authorities, but most of itis the author's
' own, iv freah, original, stimnlating, and written in that lucid style that one
has been Jod to expect from him. Its breadth and thoroughness are
remarinble, iouthm-ymuchmmthmamtxt—bookonuumﬂcd
method.' Nm

Human Speech. By Sir Richard Pagst Bi., F.iInst.P. Wxth
numerons illustrations, 2%s. net.

 There is a unique fascination about o really original of research. The
pmdﬂmmﬁlhm:mmﬁw an adventure of the
mind almost ka to read as o experionce. It is such an adventnre
thntSh-RichudPlgetduuihel The ofthetheoryutha:en:veonh
in a gusture of the mouth, and of the tongus. We that
mmhudlyprﬁn!thohighly —Timas Supplament,
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The Foundations of Geometry and Induction. By Jun

Nicod. Introduction by Berfrand Russell, F.R.S. 106s. net.
' Anyone on firat reading these two might be tem; to underra
them, but?;ut‘hgr would ahow:i:yl:h mistaks, convince him th::
the death of their mu at the age of thirty haa been a most serions los
to modern philosophy.“— fournal of Philosophical Studiss.

Pleasure and Instinct: a Study in the Psychology of Human
Action. By A. H. B. Allen. 12s. 6d. net.

' An eminently clear and readable monograph on the much-discussed

problem of fn&tgn oit' iploasure tm u.nple;mm. Since this wg:

amplifies some o most important aspects of general ,

student will find it useful to read in conjunction with mbbgk.'-—

Byitish Medical Journal.

History of Chinese Political Thought, during the early Tsin
Period. By Liang Chi-Chao. With 2 portraits, 10s. 6d. net,

" For all his wide knowledge of non-Chiness political s s and the breadth
of hin own opinions, he remained at hu;’:ua szllmiat Amidat the
drums and trumpets of the professicnal politicians, this great acholar'a
axpogition of the political foundations of the oldest civilization in the world
comes like the desp note of some ancient temple bell.'—Times Literary
Supplement,

Five Types of Ethical Theory. By C. D. Broad, Liit.D.,
Lecturer at Trinity College, Cambridge. 16s. net.

‘ A book on sthies by Dr. Broad is bound to be welcome to all lovers of clear

thonght. There is no branch of philosophical atudy which stands more in

need of the apecial gifts which mark all his writings, great analytical acumen,

aminent Iucidity of thought and statement, serene detachment from

irrelevant prejudices,'—Mind,

The Nature of Life. By Eugenio Rignano, Professor of

Philosophy in the University of Milan, 7s. 6d. net.
' In this learned and arresting xindy he has slaborated the argumenta of
thoge biologists who have asen in activities of the simplest orgroisma
purposive movements inspired by triel and error and foreshadowing the
rensoning powera of the higher animals and man. It is this purposivences
of lifs which distinguishes it from all the inorganic processes.'-——New
Statesman.

The Mental Development of the Child. By Kari Biikler,
Professor in the University of Vienna., 8s. 6d. net.

'He snmmarizes in a masterly way all that we have really learned so far
about the mental development of the child. Few psychologists show s
judgment so cool and so from the bias of preconceived t jas. He
takes us with penetra.tin%;ommentu throngh the sill age, the chim

age, the age of the grabber, the toddler, the babbler,'—Timas Litsrary
Supdiament,

The Child’s Conception of Physical Causality. By Jfean

Piaget, Professor at the University of Geneva. 128, 6d. net.
! Develops farther his valuable work., Here bhe endeavours to arriva at
et el s o e e e
Q':efummm)vo:tham ical histary of the human race, sad {n
thﬁmdauw tive peoples, as well as that of the child. His
msthod is ad ~—Saturday Revisw.
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The Social Life of Monkey sandA pes. By 5. Zuckerman,
Anatomist to the Zoologleal Soctety of London. With 24
plates, 15s. net.

Ihisremarhblebookducuuumonheymmlogymgmml,andthatof
the Zoo Monkey Hill in particular. The clear white light of truth which
Dr. Zuckerman's titeless ressarch throws upon the latter is particularly
welcome, This 13 5 notahle book, the result of long observation and sound
reasoning.'—E. G, Boualan ianJyT og ‘ A graphic and frank
acconnt of the amazing d of the baboons It is no exag-
gmﬂonbochmthatthebookmkathebegmni;:fgofamepachmthe
stndyofamb]ectwhichisthemhalioundatmn the biological approach
to sociology.'—Professor G, Elliot Smith, F.R.S., in Swnday Times.

The Development of the Sexual Impulses, By R. E. Monsy-
Kyrie, author of The Meaning of Sacrifice. 10s. 6d. net.

* Dr, Money-Kytle has developed hia theme with exceptional insight and

sense of proportion. Students who wish to know what psycho-analysis

really implies, and what an impressive theoretical atrocture it has built up,

coild hardly find a more stimulating introduction to Freud’s own writings

than Dr. Money-Kyrle's book.'—Times Literary Supplement.

Constitution-Types in Delinquency. By W. 4. Willemse,
Lecturer in Psychology at the University of Pretoria. With
32 plates, 13s. net.

‘ A valuable book which students of delinquency canmot afford to i

—Timas Litevary Supplement. * A great deal of valuable material for the
criminologist.'—Brain.

Mencius on the Mind. By 7. A. Richards, author of
Pri of Literary Criticism. 108, 6d. net.

‘ His very interesting and suggestive book. He takes cerfain passages

from Mencius and attempts a literal rendering, as an introduction to his

general theme, the difficulty of translation. It well deserves reading by all

interested in relations between East and West.'—New Statesman.

The Sciences of Man in the Making. By Professor E. 4.
Kirkpatrick. 158 net.

* Introduces the reader to acientific method and to the points of view of

anthropology and ethnologY. iclogy and hygiene, of eugenics and

euthenics, of ecomomic h{mal science, of individual rod social

peychology, of sociology a.nd ucation, of religion and ethics. Shonld be

interesting to & wide public.’— Jowrnal of Education.

The Psychology of Consciousness. By C. Daly King.
Introduction by Dr. W. M. Marsion. 12s. 6d. net.

Consciousness is not an amdentalby'l%:ductofhumanliie,butrather

conetitutes the chief of living. degrie of completencss of con-

aciousness, L from such criteria as happiness or pleasurs, is

thamvdtdmmmodnomalcythatwspmm

The Paychology of Animals, in Relation to Human Psychology.

By F. Alv s, Professor of Zoology, University of Marburg.

9s. net.

Shows how the pyychological attitnde to animat behaviour may be nsed to
g'n.ideeatpmmt arguing that animsl behaviour cas be interpreted by
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Ethical Relativity. By E. A. Wesiermarch, Ph.D., Hon.LL.D.,
author of A Hislory of Human Marriage. 128. 6d. net.

‘ This very important work. . . . Itisof t advantage to have his
theoretical doctrine in this separate and consid% foren. In these days it
is a refreshment to have a writer who attempts to throw light on right and
wrong and good by tracing them back to their origin. gPsychology and
aathropology may give us vital and hopeful knowledge about the nature of

morals.'—S. ALEXANDER, Q.M., in Manchester Guardian.

The Sgirit of Language in Civilization. By K. Vossier.
125, 6d. net.

Develops a profound philosaphy of langunage, based on a distinction between

the inner language form (individual and racial) and the outer fanguage

form (universal).

The Moral Judgment of the Child. By Jean Piaget, Professor
at the University of Geneva. 12s. 6d. net.

This book will appeal to an even wider circle of readers than his previous

studies, How children think about behaviour is now investigated—what

ideas they form of right and wrong, of justice, of punishment, and of fairness

in their own games,

The Gestalt Theory, and the Problem of Configuration. By
Bruno Peteymann. Illustrated, 15s. net.

The importance of the gestalt theory in contemporary psychology cannot
be gainsaid. Dr. Petermann’s book reviews the whole subject, both the
theoretical enunciations and the experimental ressarches of Wertheimer,
Koffka, Kohler, and their colleagues.

The Theory of Fictions. By Jeremy Bentham. Edited, with
an Introduction and Notes, by C. K. Ogden. 128, 6d. net.

A study of fictional influences in every branch of thought, anticipating
the entire philosophy of  As If' and many of the findings of modesmn
linguistic psychology,

NEARLY READY

The Nature of Learning. By George Humphrey, M.A., PA.D.,
Professor of Philosophy in Queen's University, Kingston
Canada. About 15s. net.

The Dynamics of Education, By Hilda Taba. Introduction
by W. H. Kilpatrick, Professor at Columbia University. About
125, 6d. net.

The Individual and the Community: a Historical Analysis
of the Motivating Factors of Social Conduct. By Wen Kwes
Liae, M.A., Ph.D. About 155. net.
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VOLUMES IN PREPARATION
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The Nature of Mathematics . . . . Max Blac

The Psychology of Speech Defects . . S. M. Stinchfiel
The Turbulent Child . . . . M. Wallo

Paychological Optics . . . . D. Mc. L. Purd
The Theory of Hearing . H. Hariridgs, D .5

Emotional Expression in Birds . . F.B. Kirkma
The Mind as an Orgé.nism . . . E. Mille
Animal Behavionr . . . . . H.Munro Fo
The Psychology of Tosects | . J.G. My#
Colour-Harmony . . . C K. Oga‘on ond fames Woo
Gestalt . . . K. Kogh
Theory of Medical Dmgnom 1‘ G Cfookskank MUD, F.RCF
Language as Symbol and as Expression . E, Sap
Paycheology of Kinship . . . . B, Mahnowsks D.S5
Social Biology . . . . . . M. Ginsberg, D.Li
The Philosophy of Law . . . A. L. Goodha
The Psychology of Mathematlcs . . E. R, Hamilto
Mathematics for Philosophers . . . G.H.Haordy, FR.
The Psychology of Myths . . . G. Elliot Smith, F.R.!
The Psychology of Music . . . Edward J. D
Psychology of Primitive Peoples . . B. Malinowski, D.5
Development of Chinese Thought . . . Hu Sh
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