
Intonation Problems
of the Euphonium

A tnorough discussion of the euphonium's intona-
tion problems, along with their possible solutions
is a lengthy and complex undertaking. Such a
discussion involves an examination of several in-
terrelated factors common to all brass instru-
ments, especially those with valves. Instrument
manufacturer and design considerations, the con-
cept of compromise tuning, the individual
player's intonation tendencies, mouthpiece size,
temperature, and several other variables are a
part of this complexity. Running throughout this
entire discussion is a thread of logic and related
ideas that will enable both the teacher and per-
former to deal with the problems in a knowledge-
able and confident manner. The intent of this arti-
cle is to condense as much information as possible
into simpler concepts — information that can be
filed away in the immediate memory and used on
recall. The more a performer knows about the in-
tonation tendencies of the euphonium, whether a
student or experienced teacher, the more easily he
can deal with day to day tuning problems. It is
much easier to react quickly and confidently when
knowing what to expect in a given situation.

One of the first concepts a teacher or performer
must understand is that of compromise tuning. In-
strument manufacturers are faced with the fact
that intonation on all brass instruments is in-
herently imperfect. They can only try to minimize
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or balance out the tuning problems. In designing
an instrument, the maker has to decide how sharp
he can allow a given note to be, realizing that if he
lowers it any more he will make some other note
too flat. Problems of this type fall into two basic
categories: (1) natural overtone series discrepan-
cies; and, (2) valve combination discrepancies.

Overtone Series Discrepancies
The overtone series, also known as the harmonic

series, can best be defined as the various frequen-
cies, from lowest to highest, that may be
generated in a given length of tubing. The over-
tone series for euphonium displays the charac-
teristic pattern of intervals that is common to al!

Example 1 . Overtone series for euphonium.
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the other brasses: the octave, perfect 5th, perfect
4th, major 3rd, minor 3rd, minor 3rd, and major
2nd, etc. The first note or partial is the fundamen-
tal and is also referred to as a pedal tone. The sec-
ond note is the second partial as well as the first
overtone. Because the notes of an overtone series
are derived from laws of physics, various frequen-
cies do not agree exactly with our man-made
system of equal temperament, the division of the
octave into twelve equal parts. When compared
with equal temperament, the following results are
obtained:

• partials 1, 2, 4, and 8 are in tune with each
other and coincide with equal temperament (all
Bts)

• partials 3, 6, 9, and 12 are sharp to varying
degrees (F's and high C)

• partials 5, 7, 10, and 11 are f la t to varying
degrees (D's, At, and E).
Because the bulk of the euphonium's standard
playing range falls between partials 1 and 8, a per-
former can simplify and condense this informa-
tion to the following:

• partials 1,2, 4, and 8 (all B^s) are in tune
• partials 3 and 6 (F's) are sharp
• partials 5 and 7 (D and At>) are flat.

Of these, partial 3 is so slightly sharp it can be
corrected easily by the embouchure, while partial
7 is too flat to be used. This leaves only partial 5
(moderately flat) and partial 6 (noticeably sharp)
that are of concern.

It is helpful to remember that the partials are
out of tune to a degree that corresponds to their
numerical order: partial 3 is the least out of tune,
followed in order by partials 5, 6, and finally 7.
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iarmonic Modes
Another term needs to be defined in order to

rrasp the implications of the out-of-tune partials.
\c mode results from the lowering of any
ipen tone chromatically through the normal
Descending chromatic valve sequence of open, 2, 1,
[-2,2-3, 1-3, and 1-2-3.

xample 2. The fourth harmonic mode.

1 1-2 2-3 1-3 1 -2 -3

ti l>r»—

Each note of the harmonic mode is the respective
4th partial of that valve setting's overtone series.
For example, the G is the 4th partial of the 1-2
overtone series. Each note in a given harmonic
mode assumes the same intonation characteristic
as the open valve note because they are all derived
from the same respective partial.

Valve Combination Discrepancies
The second major area of inherent tuning prob-

lems on the euphonium is that of valve combina-
tion discrepancies. Manufacturers of valved in-
struments have long wrestled with the problem of
compromise tuning. They know that they can
make the separate valve slides the correct length
to lower each valve an exact amount. The second
valve slide lowers the open tone one-half step, the
first valve slide lowers a whole step, and the third
valve slide lowers the open horn one and one-half
steps. It is not until the valves are used in com-
bination that serious intonation probems begin to
surface problems of proportionate tubing
length. If one starts with a longer piece of tubing
than the open horn (perhaps with the second valve
already down) it will obviously take a longer
length of tubing to lower the pitch a given amount
(perhaps another whole step). If it takes four per-
cent of the total tube length to lower the pitch a
whole step, four percent of a longer tube (with the
second valve down) is more than four percent of a
shorter one (the open instrument). Therefore, we
continually come up short of tubing when using
the valves in combination. Example 3 from Earle
L- Kent's The Inside Story of Brass Instruments,
Conn, 1956, p. 3, shows valve slide length ex-
amples chosen to give correct intonation when
used individually.

Example 3. Valve slide length examples — individually
correct intonation.

Valve
Used
0~~

2
1
3

1-2

2-3
1-3
] 0 oi -^-3

Valve
Slide
Length
(inches)

5.95
12.25
18.92
18.20
24.87
31.17
37.12

Actual
Total
Length
(inches)

100
105.95
112.25
118.92
118.20
124.87
131.17
137.12

Correct
Total
Length
(inches)

100
105.95
112.25
1 18.92
118.92
125.99
133.48
141.42

Total
Length
Error
(inches)

0
0
0
0

-0.72
-1.12
-2.31
-4.30

Tuning
Discrepancy
(semitones)

0
0
0
0

+ 0.11
+ 0.15
+ 0.30
+ 0.54

The sharpness of all the combinations is readily
evident: 1-3 is almost a third of a semitone sharp
and 1-2-3 is slightly more than a quarter step
sharp. Faced with this physics problem, instru-
ment manufacturers resort to the idea of compro-
mise tuning as a partial solution. This tuning is ac-
complished by purposely making the various valve
slides longer than they need to be. Depending on
the manufacturer the first and second valve slides
may be lengthened slightly, while the third valve
slide is always made longer. Because this valve is
seldom used by itself, it can be made purposely
quite flat in an effort to lower the sharp 1-3 and
1-2-3 combinations. Example 4, also from The In-
side Story of Brass Instruments, shows valve slide
length examples chosen to give slide compromise
intonation.
Example 4. Valve slide length examples — compromise
intonation.

Valve
Used

0
2
1
3
1-2
2-3
1-3
1-2-3

Valve
Slide
Length
(inches)

6.25
12.57
20.35
18.82
26.60
32.92
39.17

Actual
Total
Length
(inches)

100
106.25
112.57
120.35
118.82
126.60
132.92
139.17

Correct
Total
Length
(inches)

100
105.95
112.25
118.92
118.92
125.99
133.48
141.42

Total
Length
Error
(inches)

0

-f 0.30
+ 0.32
+ 1.43
-0.10
+ 0.61
-0.56
-2.25

Tuning
Discrepancy
(semitones)

0
-0.05
-0.05
-0.21
+ 0.01
-.08
+ .07
+ .28

The compromise tuning should be evident. Each
of the individual slides are tuned lower (an almost
negligible amount in the case of the first and sec-
ond valves) to take some but not all of the sharp-
ness out of 1-2, 1-3, and 1-2-3; however 2-3 becomes
flat. No matter how each manufacturer goes about
designing a three-valved instrument, he must still
deal with this basic and inherent problem.

Cumulative Effect
In some cases the natural tendencies of valve

combination discrepancies and harmonic mode
discrepancies may be opposite and therefore off-
set each other. This phenomenon is illustrated in
the cumulative effect of the 3rd and 5th harmonic
modes.
Example 5. Cumulative effect 3rd harmonic mode.

-i*
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Example 6. Cumulative effect 5th harmonic mode.

•̂

Assuming that "degree" is merely a relative term of
measurement, the third harmonic mode (example
5) could be described as a one-half degree sharp
harmonic mode. We can assume the following:

• a negligible first valve, second valve, and 1-2
combination valve slide length error

MAY 19B1/THE INSTRUMENTALIST 19



• a one-half degree flat 2-3 fingering combina-
tion error

• a one-half degree sharp 1-3 fingering combina-
tion error

• a two degree sharp 1-2-3 combination error.
The resultant numbers display the negating or
compounding effect of the two inherent intonation
variables. In example 6 assume a one degree flat
harmonic mode with the same valve error factors
as above.

Although these inherent tuning problems are of
prime concern, there are obviously several other
factors that influence intonation. Mechanical tun-
ing devices, the addition of a fourth valve, com-
pensating valve systems, environmental tempera-
ture, mouthpiece and instrument design, and
various physical considerations relating to lips,
teeth, tongue, and air speed all have their effect on
intonation.

Mechanical Devices — Added 4th Valve
Through the years a number of attempts have

been made to design adjustable kickslides for the
three-valved baritone or euphonium similar to
those found on the cornet and trumpet. Such
devices were usually attached to the main tuning
slide and were often spring-loaded in some man-
ner. None have been widely accepted, perhaps
because they proved too awkward to use. Because
a truly successful system was never adopted,
there are countless three-valved baritones in use
in the public schools today that are impossible to
play in tune. C3 and B2 are two of the most com-
mon intonation problems on these three-valved in-
struments. The notes are extremely sharp and the
player can either lip them down, manually pull the
third valve slide, or do both. Because pulling the
slide while playing is difficult to accomplish (if not
impossible on the typical school instrument), the
player is left with little choice other than to lip
down as best he can.

Fortunately, there is another solution to this
particular problem: adding a fourth valve to the
instrument. This valve lowers the open instrument
a fourth, making it an interchangeable fingering
for 1-3. Because it is independent of the other
three valves, the fourth valve slide can be made of
sufficient length to play C3 in tune. Similarly, the
B2 may be played 2-4 rather than 1-2-3. Extending
the lower register is another benefit of the addi-
tional valve. Because the fourth valve (like the
trombone F-attachment) lowers the fundamental a
fourth to F2, a new overtone series is created
along with a new set of harmonic modes. The
following example shows the harmonic mode that
bridges, the gap chromatically from E2 to the
pedal B b l .

Example 7. Fourth valve, second harmonic mode. Non-
compensating f ingerings.

Not
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Here again there are problems with the propot maker of
tionate tubing length rationale the note careful ar
become sharper as the player proceeds downwar( promises
through the fingerings. By the time a euphq
niumist reaches the D2 on a non-compensatinlphysical C
four-valved instrument, he will likely have had t| Various
try three fingerings, each Hatter than thjthe tunin
preceding one, before the pitch is lowered enough degree. A
for correct intonation. The D?2 usually requires!down,
1-3-4 fingering and the C2 a 1-2-3-4 fingering, leav
ing no additional tubing for the Bl.
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Compensating Valve System
The compensating valve system available 01

some euphoniums offers a practical solution ti
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• varyi:

Example 8. Fourth valve, second harmonic mode. Compan
sating fingerings.

'•*

Temperature
The effect of temperature on the pitch of the eu

phonium needs little explanation to those wh
have marched at halftime on a Friday night in No
vember, or sat on the concert stage under blazing
lights in April. All brass instruments sharpen as
the temperature rises, and vice versa. Thi,
phenomenon occurs because sound waves trave
faster through warmer, less dense air. They strik
the ear at a faster rate, and the listener perceive
them as a higher frequency. Students sometimes
attempt to explain the sharping phenomenon b)
arguing that the rise in temperature causes th
molecules of the instrument to agitate, resulting
in an expansion of the instrument's metal. A li t t le
logical thought should convince the student tha
an expanded (larger) instrument would produce i
lower sound, not a higher one.

Mouthpiece and Instrument Design
Mouthpiece and instrument design also in

fluence intonation. It is beyond the scope of thi
article to go into great detail concerning the man)
variables. In dealing wi th mouthpieces, cup:
volume is the most important consideration — the
greater the volume, the f la t t e r the pitch. The size!
of the throat opening, and the size and shape of the;
backbore also interact to influence intonation. In-
designing an instrument, the manufacturer may
raise the flat f i f t h partial or lower the sharp sixtb
partial, but the inherent proportionate difference
must remain the same. Another manufacturer
may f la t ten individual valves more than another,
but the relationship between individual valves and
valves used in combination remains the same. In
either situation the inevitable is compromise. The
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>r maker of fine instruments will have achieved a
e careful and controlled balance when making com-
fj promises for good intonation.

-). physical Considerations
tr Various physical considerations also influence
bt the tuning, though usually to only a moderate
jj degree. All euphonium players must lip up or

I down, and they soon learn that it is generally
n easier to lip down than up. Obviously one can lip

I only so far before the tone quality is adversely af-
! fected, making this technique best suited for small
| pitch adjustments. Larger pitch adjustments

J snould be approached first through carefully tun-
ic-ing the main tuning slide and/or using alternate
e| fingerings. Other factors which may be used to
IE make small adjustments in pitch include:
4 • opening the teeth or dropping the jaw (the
if more open, the more tendency to lower the pitch)

• changing the tongue position (arching more in-
to an "EE" syllable tends to raise the pitch slightly)

• varying the air speed (the euphonium over-
blows sharp and undersupports flat).

Vibrato — Mutes
Vibrato and mutes also affect tuning. The most

commonly used and (in my opinion) the only
satisfactory method of producing vibrato on the
euphonium is the lip-jaw vibrato. The slight and
controlled up and down motion of the jaw and
lower lip ("ya' ya, ya, ya") as the tone is sustained
will alternately lower and raise the pitch from

jf- center to slightly below center and back to center
cf (or perhaps even slightly above center). Done in
jf moderation and with regard to stylistic appro-
aipriateness, this pleasant bending of the tone en-
jl hances and warms the instrument's sound.
ef More and more contemporary solo and large
c| ensemble literature calls for the use of a straight

mute for the euphonium. Players should be aware
that these mutes generally tend to sharpen the
pitch.

n
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Improving Intonation
In the beginning stages of the student's training,

encourage the buzzing of various interval patterns
on the mouthpiece alone. Let young players buzz
familiar tunes, scales, or other patterns that en-
courage selectivity and accuracy of pitch from the
very start. When they attempt to reproduce
pitches on the instrument, they should find it
easier to center the pitch more accurately.

There is no substitute for teaching fundamen-
tals in the first months of a student's experience
with the euphonium. The young player must de-
velop concepts of correct embouchure and proper
breath (tonal) support. If there are no major prob-
lems with embouchure and the use of the air
stream, the student and teacher can expect the
euphonium to react predictably with regard to in-
tonation.

In later stages of development, the teacher
£eds to stress listening and matching pitches on a

regular basis. One of the best opportunities to en-
courage this careful listening on a consistent day-
to-day basis is in the warmup period, either in a

group or individually. Directors of large ensem-
bles should devote 10 to 15 minutes of each
rehearsal (if time allows) to let students warm up
on long tones, lip slurs, scales, unison studies, or
chorales for the express purpose of balancing,
blending, and matching pitch. The private teacher
should encourage a similar warm up and occa-
sionally play along with the student to provide a
pitch standard and encourage more discriminate
listening.

Directors should also devote an occasional sec-
tion rehearsal to a lecture-demonstration on in-
tonation to let the euphoniumists hear beats and
make necessary corrections. This is the ideal time
to sort out and correct intonation problems within
the immediate section.

Once the player has achieved some maturity and
stability in tonal production, he should be en-
couraged to spend some time in front of an elec-
tronic tuner and make out an intonation tendency
chart. The procedure consists of writing out the
chromatic scale for the basic range of the
euphonium and then notating whether each tone
tends to be sharp or flat. An arrow pointing up or
down over the note could indicate sharpness or
flatness and the length or size of the arrow could
indicate the degree of the tuning problem. If this
procedure is repeated several times with a degree
of consistency, the student should see clearly
emerging tendencies in playing certain notes out
of tune, with his personal set of variables (em-
bouchure, air usage, mouthpiece, instrument,
etc.). Once the student understands and identifies
the problem, the correction process becomes
much easier.

The tuner can be an immense help in the
development of pitch awareness, but it is impor-
tant for the student and teacher to avoid excessive
dependence on the device. Tuners should be used
for their intended purpose — a very important
guide to correct tuning and a point of departure
from which the ear must take over. Accuracy of
pitch on the euphonium requires both muscular
and aural memory. Lipping pitches in tune must
be done before the pitches actually sound. Once
the pitch has sounded, it can be fine tuned by us-
ing the ear.

Summary
Clearly a discussion of intonation problems in

any depth is destined to be lengthy. The many fac-
tors that influence tuning are complexly inter-
related, yet most can be distilled into a few easily
remembered facts once the concepts are under-
stood:

• there are a handful of notes that are out of
tune because they belong to an out of tune 5th or
6th partial

• there are a handful of notes that are habitually
out of tune because they are played with valve
combinations that are predictably sharp or flat

• there is a cumulative effect resulting from the
interaction of the out-of-tune partials and the out-
of-tune fingering combinations



• the fourth valve eliminates a major tuning
problem in that it can substi tute for the quite
sharp 1-3 combination

• the compensating valve system on a four-
valved instrument allows the notes from E2 to
pedal B^ 1 to be played with the normal fingerings

• temperature, various physical considerations,
even vibrato and the use of mutes affect pitch
moderately and in a generally predictable man-
ner.

If the student hears pitch reasonably well, con-
scientiously tries to play in tune, produces the
tone correctly, and has a reasonably well-made in-
strument that is in tune with itself, there are only
a few notes that usually cause a large percentage
of the tuning problems on the euphonium.

Example 9. Common intonation problems.

G3 in example 9 is often sharp in 1-2 and can bj
lowered by substi tuting third valve. D3, C3, ari(j
B2 are habitually sharp. The use of the third valv]
substituting for 1-2 on D3, the fourth valve for C3!
and 2-4 for B2 usually corrects these troublesorn|
notes. The next three tones (D4, C#4, and C4) ar|
usually flat because they are all 5th partial notes!
Similarly, F4, E4, and EM are always sharj
because they are all 6th partial notes. Alternati
fingerings should be tried on all these notes unt j
the best intonation is obtained. The F4, E4, ani
E'M can be lowered on some four-valved compen
sating system euphoniums by adding the fourtl
valve. The final five upper register notes in the e?
ample may be fingered as marked if they are toi
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can lead to marked improvement. No player oi
teacher should be ignorant about how to achievf
good intonation. There are solutions to the probi
lems; we need only understand, listen, and applj
what we know.
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T.U.B.A. Stands for Euphonium
Don Little

The mass tuba-euphonium ensemble assembled at North Texas State University during the Second National Tuba-
Euphonium Symposium-Workshop in May, 1980.

The Tubists Universal Brotherhood Association
spresents the interests and aspirations of nearly
,000 euphoniumists and tubists in more than two
ozen countries. Our constitution states that
f .U.B.A. is a worldwide organization of musi-
ians. . .who take a significant interest in the in-
fruments of the tuba and euphonium family. . . . "
ven though "and euphonium" was added recently
y a majority membership vote, the euphonium
as always been considered an equal partner in
ae association.
This equality of emphasis is illustrated in

^veral ways. First, all musical works commis-
.oned by T.U.B.A. have been evenly divided be-
veen the euphonium and tuba, and the premiere
Dmmission was Four Dialogues, for euphonium
id marimba, by Samuel Adler. Second, the
• L/.B.A. Journal devotes equal space to the con-
;rns of the euphonium. In each quarterly issue
icre are reviews of solo literature on the college,
rofessional, and junior/senior high school levels;

reviews of tuba-euphonium ensemble literature
euphonium disc reviews; plus articles, interviews
and announcements of interest to euphoniumists.

T.U.B.A. considers the euphonium to be a vita
20th century instrument, and is working to give il
a permanent and versatile position in the musical
world. For more information about T.U.B.A., a
free sample of the T.U.B.A. Journal, or an applicai
tion for membership write to Donald C. Little;
Secretary-Treasurer of T.U.B.A., School of Music'
North Texas State University, Denton, Texas. II
you are a euphoniumist and are interested in the
future of your instrument, we need you and youi
ideas, and you need us. In case you may have for
gotten, we accept tubists for membership, too. •

Donald C. Little is assistant professor of tuba and
euphonium at North Texas State University and is
principal tuba with the Fort Worth Symphony Or-
chestra. He received his degrees from Peabody Con-
servatory and Northwestern University.
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