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Helmholtz here describes a number of interest-
ing experiments which you can duplicate on the
strings of a grand piano or a violin, or even
with fine wire or catgut stretched tightly between
clamps. The lecture quoted below is the author’s
own abridgement of his book: ON THE SENSA-
TIONS OF TONE AS A PHYSIOLOGIOAL
BASIS FOR THE THEORY OF MUSIC.

POPULAR LECTURES ON
SCIENTIFIC SUBJECTS: On the
Physiological Causes of Harmony wn
Music (1857), by H. Helmholtz,
translated by E. Atkinson, Ph.D.

F.C.S. London, 1873.

Sympathetic Vibration

You will have observed the phe-
nomena of the sympathetic produc-
tion of tones in musical instruments,
especially stringed instruments. The
string of a pianoforte when the
damper is raised begins to vibrate as
soon as its proper tone is produced
in its neighbourhood with sufficient
force by some other means. When
this foreign tone ceases the tone of
the string will be heard to continue
some little time longer. If we put
little paper riders on the string they
will be jerked off when its tone is
thus produced in the neighbourhood.
This sympathetic action of the string
depends on the impact of the vibrat-
ing particles of air against the string
and its sounding-board.

Each separate wave-crest (or con-
densation) of air which passes by the
string is, of course, too weak to pro-
duce a sensible motion in it. But
when a long series of wave-crests (or
condensations) strike the string in
such a manner that each succeeding
one increases the slight tremour
which resulted from the action of its
predecessors, the effect finally be-
comes sensible. It is a process of
exactly the same nature as the swing-
ing of a heavy bell. A powerful man
can scarcely move it sensibly by a
single impulse. A boy, by pulling
the rope at regular intervals corre-
sponding to the time of its oscilla-
tions, can gradually bring it into
violent motion.

This peculiar reinforcement of vi-
bration depends entirely on the
rhythmical application of the im-
pulse. When the bell has been once
made to vibrate as a pendulum in a
very small arc, and the boy always
pulls the rope as it falls, and at a
time that his pull augments the exist-
ing velocity of the bell, this velocity,
increasing slightly at each pull, will
gradually become considerable. But if
the boy apply his power at irregular
intervals, sometimes increasing and
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“The series of tomes which. . . .

combine with a given fundamental tone, is perfectly

determinate. They are tones which perform twice, thrice, four times, etc., as many vibra-
tions in a second as the fundamental tone. They are called the upper partials, or harmonic
overtones, of the fundamental tone. If this last be c, the series may be written (as above)
in musical notation [it being understood that, on account of the temperament of a piano,
these are not precisely the fundamental tones of the corresponding strings on that instru-
ment, and that in particular the upper partial, b, is necessarily much flatter than the fun-
damental tone of the corresponding note on the piano)l.”—Helmholtz.

sometimes diminishing the motion of
the bell, he will produce no sensible
effect.

In the same way that a mere boy
is thus enabled to swing a heavy bell,
the tremours of light and mobile air
suffice to set in motion the heavy and
solid mass of steel contained in a
tuning-fork, provided that the tone
which is excited in the air is exactly
in unison with that of the fork, be-
cause in this case also every impact
of a wave of air against the fork in-
creases the motions excited by the
like previous blows. . .

Now, then, if several tones are
sounded in the neighbourhood of a
pianoforte, no string can be set in
sympathetic vibration unless it is in
unison with one of those tones. For
example, depress the forte pedal
(thus raising the dampers), and put
paper riders on all the strings. They
will of course leap off when their
strings are put in vibration. Then
let several voices or instruments
sound tones in the neighbourhood.
All those riders, and only those, will
leap off which are placed upon strings
that correspond to tones of the same
pitch as those sounded. You perceive
that a pianoforte is also capable of
analysing the wave confusion of the
air into its elementary constituents.

How We Hear

The process which actually goes on
in our ear is probably very like that
just described. Deep in the petrous
bone out of which the internal ear
is hollowed, lies a peculiar organ, the
cochlea or snail shell—a cavity filled
with water, and so called from its
resemblance to the shell of a common
garden snail. This spiral passage is
divided throughout its length into
three sections, upper, middle, and
lower, by two membranes stretched
in the middle of its height. The
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Marchese Corti discovered some very
remarkable formations in the middle
section. They consist of innumerable
plates, microscopically small, and ar-
ranged orderly side by side, like the
keys of a piano. They are connected
at one end with the fibres of the
auditory nerve, and at the other with
the stretched membrane. .

In the so-called vestibulum, also,
where the nerves expand upon little
membranous bags swimming in water,
elastic appendages, similar to stiff
hairs, have been lately discovered at
the ends of the nerves. The anatom-
ical arrangement of these appendages
leaves scarcely any room to doubt
that they are set into sympathetic
vibration by the waves of sound
which are conducted through the ear.
Now if we venture to conjecture—
it is at present only a conjecture, but
after careful consideration I am led
to think it very probable—that every
such appendage is tuned to a certain
tone like the strings of a piano, then
the recent experiment with a piano
shows you that when (and only
when) that tone is sounded the corre-
sponding hair-like appendage may
vibrate, and the corresponding nerve-
fibre experience a sensation, so that
the presence of each single such tone
in the midst of a whole confusion of
tones must be indicated by the corre-
sponding sensation.

Experience then shows us that the
ear really possesses the power of
analysing waves of air into their ele-
mentary forms.

By compound motions of the air,
we have hitherto meant such as have
been caused by the simultaneous vi-
bration of several elastic bodies. Now,
since the forms of the waves of sound
of different musical instruments are
different, there is room to suppose
that the kind of vi- (Twurn the page)
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bration excited in the passages of the
ear by one such tone will be exactly
the same as the kind of vibration
which in another case is there excited
by two or more instruments sounded
together. If the ear analyses the mo-
tion into its elements in the latter
case, it cannot well avoid doing so in
the former, where the tone is due to
a single source. And this is found to
be really the case.

I have previously mentioned the
form of wave with gently rounded
crests and hollows, and termed it
simple or pure. In reference to
this form the French mathema-
tician Fourier has established a cele-
brated and important theorem which
may be translated from mathematical
into ordinary language, thus: Any
form of wave whatever can be com-
pounded of a number of simple waves
of different lengths. The longest of
these simple waves has the same
length as that of the given form of
wave, the others have lengths one-
half, one-third, one-fourth, &c. as
great.

By the different modes of uniting
the crests and hollows of these simple
waves, an endless multiplicity of
wave-forms may be produced.

Ear Analyzes Waves

Not only strings, but almost all
kinds of musical instruments, pro-
duce waves of sound which are more
or less different from those of simple
tones, and are therefore capable of
being compounded out of a greater
or less number of simple waves. The
ear analyses them all by means of
Fourier’s theorem better than the
best mathematician, and on paying
sufficient attention can distinguish the
separate simple tones due to the
corresponding simple waves. This
corresponds precisely to our theory
of the sympathetic vibration of the
organs described by Corti. Experi-
ments with the piano, as well as the
mathematical theory of sympathetic
vibrations, show that any upper
partials which may be present will
also produce sympathetic vibrations.
It follows, therefore, that in the
cochlea of the ear, every external
tone will set in sympathetic vibration,
not merely the little plates with their
accompanying nerve - fibres, corre-
sponding to its fundamental tone, but
also those corresponding to all the
upper partials, and that consequently
the latter must be heard as well as
the former.

Hence a simple tone is one excited
by a succession of simple wave-forms.
All other wave-forms, such as those
produced by the greater number of

musical instruments, excite sensations
of a variety of simple tones.

Consequently, all the tones of musi-
cal instruments must in strict lan-
guage, so far as the sensation of
musical tone is concerned, be re-
garded as chords with a predominant
fundamental tone.

The whole of this theory of upper
partials or harmonic overtones will
perhaps seem new and singular.
Probably few or none of those pres-
ent, however frequently they may
have heard or performed music, and
however fine may be their musical
ear, have hitherto perceived the ex-
istence of any such tones, although,
according to my representations, they
must be always and continuously
present. In fact, a peculiar act of
attention is requisite in order to hear
them, and unless we know how to
perform this act, the tones remain
concealed. As you are aware, no per-
ceptions obtained by the senses are
merely sensations impressed on our
nervous systems. A peculiar intel-
lectual activity is required to pass
from a nervous sensation to the con-
ception of an external object, which
the sensation has aroused. The sen-
sations of our nerves of sense are
mere symbols indicating certain ex-
ternal objects, and it is usually only
after considerable practice that we
acquire the power of drawing correct
conclusions from our sensations re-
specting the corresponding objects.
Now it is a universal law of the per-
ceptions obtained through the senses,
that we pay only so much attention
to the sensations actually experienced,
as is sufficient for us to recognise
external objects. In this respect we
are very onesided and inconsiderate
partisans of practical utility; far
more so indeed than we suspect. All
sensations which have no direct ref-
erence to external objects, we are
accustomed, as a matter of course,
entirely to ignore, and we do mnot
become aware of them till we make
a scientific investigation of the action
of the senses, or have our attention
directed by illness to the phenomena
of our own bodies. Thus we often
find patients, when suffering under
a slight inflammation of the eyes,
become for the first time aware of
those beads and fibres knows as
mouches wvolantes swimming about
within the vitreous humour of the
eye, and then they often hypochon-
driacally imagine all sorts of coming
evils, because they fancy that these
appearances are new, whereas they
have generally existed all their
lives. . . .

To this class of phenomena belong

the upper partial tones. It is not
enough for the auditory nerve to
have a sensation. The intellect must
reflect upon it. Hence my former
distinction of a material and a spirit-
ual ear:

We always hear the tone of a
string accompanied by a certain com-
bination of upper partial tones. A
different combination of such tones
belongs to the tone of a flute, or of
the human voices, or of a dog’s
howl. Whether a violin or a flute,
a man or a dog is close by us is a
matter of interest for us to know,
and our ear takes care to distinguish
the peculiarities of their tones with
accuracy. The means by which we
can distinguish them, however, is a
matter of perfect indifference.

Whether the cry of the dog con-
tains the higher octave or the twelfth
of the fundamental tone, has no prac-
tical interest for us, and never oc-
cupies our attention. The upper par-
tials are consequently thrown into
that unanalyzed mass of peculiarities
of a tone which we call its quality.
Now as the existance of upper par-
tial tones depends on the wave form,
we see, as I was able to state previ-
ously, that the quality of tone corre-
sponds to the form of wave.

Hermann Ludwig Ferdinand von Helm-
holtz was born August 31, 1821, at Pots-
dam, near Berlin, and died in Berlin Sep-
tember 8, 1894, He was trained as a
surgeon in the Prussian army, and most
of his early discoveries were in the field
of physiology. At the age of 21, his
first scientific paper announced the pres-
ence of nerve-cells in ganglia. The field
of physics, however, soon claimed his
attention, and five years later, in 1847,
he read before the Physical Society of
Berlin a paper on the Conservaticn of
Force which was one of the foundation
stones of that doctrine. In 1849 Helm-
holtz became professor of physiology at
Konigsberg, and in later years filled the
same position at Bonn and Heidelberg.
In 1851 he invented the ophthalmoscope,
by which one may see the interior of the
living eye. It is one of the greatest in-
struments of medical science. His studies
on the eye appeared in 1856-66 as the
Physiologigal Optics. A corresponding
work on the ear, Sensations of Tone, ap-
pared in 1862. Studies on electricity in
terested him next, and in 1871 he found
that the speed of electromagnetic induc-
tion is about 314,000 meters per second.
In the same year Helmholtz became pro-
fessor of physics in the University of
Berlin. He was then 50 years old. The
remainder of his life was devpted to
physical rather than physiological re-
searches.
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One pair of twins occurs in about
100 births.

Some of the most beautiful gar-
nets come from Arizona.



