Toning up

Work on the harmonic series and you'll release
a wealth of colour from your instrument without effort,
Pedro de Alcantara explains how it's done

BELOW inhe heavenly
spheres: an ancient
Greek fradition taught
that each planet
produced a note

and that the relative
distances of ihe planets
from the sun defined the
hamnonic series in music

Summertime, and you're sitting in a swinging porch
bench, moving gently back and forth with the smallest
effort of your legs. A breeze blows across your face,
and you feel contented and fulfilled, in sync with life’s
very rhythms. Wouldn't it be nice if producing big,
beautiful sounds on the violin were just as easy?

A force of nature exists that allows you this ease at
the instrument - as long as you're at one with it. It's
the acoustic phenomenon called the harmonic series.
It's an oscillatory phenomenon similar to the swinging

The harmonic series
Almost every nofe ever sung, played or sfruck is a
combination of several frequencies (see figure 1), Take
the cello’s open C siring. The C itself — called the fundamental
— is the prevailing sound. Indeed, it's so pofent that most listeners
won't nofice any other sounds at first. Yet a number of other pitches
— called either overtones, partials or harmonics — are produced above
the C every time you play it. Together with the fundamental these form
the harmonic series and each one is given a number which shows how
fast it vibrates relafive fo the fundamental. The first harmonic is the funda-
mental ifself; the second harmonic, an octave above the fundamental,
vibrates at fwice the frequency; the third, a fifth higher than the second,
vibrates af three times the frequency and so on.

In theory, the series is infinite; in practice, it becomes instrumentally
and aurally insignificant after the first dozen or so harmonics. Once
you atiune your ear to the existence of the series, you'll hear the
seventh harmonic — a note around B flat if your fundamental is
a G, which will sound out of fune compared with the B flat on
a piano. As you go farther up the series, other partials will
also sound ‘out of tune’ if you measure them against

equal temperament; these are marked with
arrows in example 2.

of a pendulum or the waves a stone makes when
thrown into water. Pluck the string or drop the stone
and the energy is released without any further effort.
As with a pendulum, poise is more efficient than
brawn in setting off the mechanism. Time your play-
ing skilfully - as you do when you swing that porch
bench - and you’ll have tremendous tonal energy at
your disposal, without effort or strain. But first your
ear must discover the phenomenon.

Sit at a well-tuned piano with the lid open. Without
sounding it, press the C below middle C with your right
index finger and hold it down. Now play the C below it
(the equivalent of the cello’s open string) with the left
index finger, with a short, loud, accented articulation
(see example 1). As the note dies down you'll hear the
C immediately above it ring out, almost like an echo.
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It may sound for several seconds, depending on the
piano and the acoustics of the room. Try the other
partials, each in turn, then several in combination.
They'll appear like an eerie, soft choir heard in the
distance. Holding down a cluster of notes with your
right hand, strike and release two adjacent notes a
couple of octaves below the cluster (C and C sharp, for
example). You'll hear a variety of consonances and
dissonances as the heavenly choir grows in complexity
and subtlety.

Play the low C again, on its own this time, striking
it with any number of articulations - soft or hard,
sustained or short. Having awakened your ear,
you should now perceive at least some of the
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upper partials that make up that one note. The partials
are always present; hearing them takes some training,
but in time you'll detect their presence in many musical
situations — and in non-musical ones, such as the
whirring of a fan or the rumbling of a refrigerator.

Most instruments are constructed around the
harmonic series. Trombones don’t sound their funda-
mental note, their lowest note is the second harmonic.
There are seven positions of the slide, which cover the
notes up to the third harmonic, one fifth higher. The
harmonic series extending from these seven notes is
the source of the instrument’s entire pitch range.
Similarly, through a combination of fingering and
embouchure techniques, flautists sound many of their
notes as partials of the instrument’s fundamental
pitch. In a pipe organ each stop has its own character-
istic overtones or partials — giving it an individual
timbre — but there are also higher-pitched stops,
pitched at octaves, fifths, tenths and so on, which have
their own partials. This exaggerated manipulation of
the harmonic series — partials of partials, if you like -
gives the organ its characteristic sonority.

On a bowed instrument, you can sound the natural
harmonics of an open string by pressing lightly on
precise spots, called nodes, along the string and
bowing or plucking it. If you look at figure 1, the nodes
represent the places along the string where it is not
moving. You can also sound artificial harmonics by
stopping any note down normally and pressing lightly
a fourth or a fifth higher with another finger of the
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left hand, in each case creating a different harmonic.
You can play the same pitch on different strings, using
natural or artificial harmonics as appropriate, giving
the instrument a tremendous colour range.

Modern composers have often exploited the
harmonic series as a compositional tool — using the
piano as described earlier, for instance. But the effect
of the harmonic series can be noticed in compositions
from much earlier. The sixth harmonic of any pitch is
the major third above the fundamental, but two
octaves higher. It's clearly audible on the low notes of
a cello or bassoon. When playing pieces in minor keys,
this harmonic clashes harshly with the tonality’s
inherent minor thirds. You can hear this by playing the
chord in example 3 on a well-tuned grand piano. The
E flat of the C minor chord clashes against the E, the
fifth harmonic of the bass C.

Example 3
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The harmonic series provides a mathematical
underpinning for tonal music’s vital interplay of
consonance and dissonance. The frequency ratio of
any two notes in the harmonic series is simply the »

ABOVE two ways of
ilustrating the harmor
sefies. Leaming to exp
harmenics is key to
controling your tone



ratio of their positions within their series.
Consonances are based on the simple ratios — 2:1,

4:3, 5:2 and so on — whereas dissonances are based
on more unwieldy ratios, like 11:7. The development
of Western music, from plainchant to organum (two
voices sounding fourths, fifths and octaves) to modal
and tonal counterpoint and beyond, largely corre-
sponds to a climb up the harmonic series, each
evolution demonstrating the willingness of composers
and audiences to accept the validity of ever more
complex intervals.

We're now ready to work on the harmonic series,
using the cello’s strings and pitches for our exercises.
If you're a violinist, violist or bassist, transpose them
as needed.

e Practise drawing slow bows near the bridge on open
strings, executing crescendos and diminuendos
anywhere along the bow. This basic stroke is essential
for most of our exercises (see example 4).

Example 4
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e Find and execute each string’s natural harmonics,
one at a time and in order, starting with the instru-
ment’s lowest string. You can produce natural
harmonics at either end of each string. For this exercise,
play the ascending harmonics as they approach the
bridge, not the nut. Find a comfortable left-hand posi-
tion for each harmonic and play it without hesitation or
timidity, varying the dynamics at will (see example 5).
Memorise the series for each open string and, over
time, for all pitches.

Example 5
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This is easier than it seems, as the sequence of intervals
doesn’t change. Once you've grasped it you can
derive it afresh for any note. The first six harmonics
create a major chord that your ear recognises as a
single entity, cutting down the amount of information
you need to process.

e Play the lowest open string’s second harmonic (the
octave) four times in a row, with a crescendo; follow it
with a short, ringing open string. You'll soon be able to
perceive the harmonic as a component of the open
string sound. Repeat the exercise with the first seven
partials of each open string. Your ear will seize some
partials more readily than others — the third harmonic
(octave plus fifth), for instance, resonates brilliantly on
most string instruments. The sixth harmonic (two
octaves and a fifth) is given a helping hand as the
unbowed section of the string, between the bridge and
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the tailpiece, is normally set up to be a sixth of the
bowed string length, giving it a natural frequency
of six times that of the open string and so enhancing
the sixth harmonic. Soon you’ll become able to hear
several partials simultaneously whenever you draw
an open string, as in example 6.

Example 6
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e Play an open string with a short, ringing up bow;
follow it immediately with the octave, played softly,
not as a natural harmonic but as a stopped note on the
next string up, with a focused down bow. The octave
will blend with the resonating partials of the open
string, creating a beautiful effect in which the octave
and its fundamental complement each other. Do the
same for other harmonics, playing them as stopped
notes where they're brightest, as in example 7. Vary
the dynamics and speed of the exercise, alternating
amrmg several partials,

Example 7
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Create a simple improvisation using the first few
partials of each open string. Connect the notes
with an elastic legato and make sure that the change
from note to note doesn’t hinder the resonance of
the whole instrument.

So far we've sounded a pitch and worked upwards;
now we'll take a pitch and work downwards. We can
regard any one note as the second harmonicof a »
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