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Who Composed
“Haydn’s Second Horn Concerto?”’

by John Jay Hilfiger

Musicians and public alike frequently value a musical
workin proportion to the reputation of its composer. Hence,
FritzKreisler’s Vivaldi, Couperin, and other forgeries seemed
lesser works after he was exposed. The same was true of the
“Jena” symphony after it was shown not to be Beethoven'’s.
The work commonly known as Haydn'’s Concerto No. 2 for
Horn in D, Hob. VIId:4,? it seems, may be experiencing a
similar fall from grace. Over the last two decades, one
scholar after another has suggested that this composition
may not be authentic Joseph Haydn.

Many works once attributed to Joseph Haydn have
been shown to be spurious, while the authorship of other
compositions bearing his name is doubtful. There are vari-
ous reasons for this unfortunate state of affairs. Often the
misattribution was the result of confusion with Joseph
Haydn’s younger brother, Michael. A number of late-
eighteenth-century manuscripts identify the composer sim-
ply as “Sig. Haydn,” without suggesting which one.? Simi-
larly, many entries in the Breitkopf catalog* of (mostly)
manuscripts appear with surname only and include works
attributed to both Haydn’s.’ Even printed editions from this
time frequently delete the composer’s given name.® The
Michael Haydn worklist in The New Grove Dictionary of
Music and Musicians is a good indicator of the extent of this
problem.” Many entries have “H,” or Hoboken, numbers
indicating that such works were once thought to have been
composed by the more famous brother.

There is a less innocent cause of other
misidentifications. Unscrupulous publishers would put
Haydn’s name on the works of lesser known composers in
order to maximize profits. The autobiography of Czech
composer Adalbert Gyrowetz, for example, relates his
discovery of one of his own symphonies performed and
published, in Paris, under Haydn’s name.® Another case of
possible fraud involves the “Opus 3” quartets, originally
published, again in Paris, as Haydn’s work. Careful inves-
tigation has revealed that plates for some of the quartets in
this set originally bore the name of [Romanus] Hofstetter.’

Other reasons for mistaken authorship relate to the
fact that a great deal of eighteenth-century music was
published in manuscript form. Copyists sometimes forgot
to write the composer’s name, or copied it incorrectly, or
wrote it illegibly, leaving musicians to draw their own
conclusions. For whatever reason, the true authorship of
many “Haydn” works, perhaps a thousand, is in doubt."

Given the situation, one should hesitate to call any
composition a work of Joseph Haydn without corroborat-
ing evidence. Virtual certainty is provided by such docu-
mentary evidence as an autograph manuscript or by an
entry in one of the catalogs Joseph Haydn compiled or
supervised: the Entwurf Katalog (EK) and the Haydn
Verzeichnis (HV).!' Other signed documents such as letters,
musical manuscripts, or autographed printed editions are
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also convincing proof of Haydn’s authorship."? Many other
kinds of documentary evidence support varying degrees of
certainty from high likelihood to remote possibility.

Although VIId:4 has been known as a Joseph Haydn
work since his lifetime, the available documentation is
insufficient to prove its authenticity, and several scholars
have questioned its presumed authorship. Thereisno Haydn
autograph of this concerto nor does it appear in EK or HV.
This does not preclude Haydn authorship, however. The
Joseph Haydn horn concerto of 1762 (VIId:3) is also absent
from these two catalogs, yet the existence of the autograph
proves its authenticity.”

The earliest mention of VIId:4 is in the 1781 supple-
ment to the Breitkopf catalog.! The entry includes an incipit
and the heading, “Concerto da HAYDEN" [sic] “a Corno
princ. 2 Viol. V. e B.” According to Hoboken, this work is
also mentioned in the 1783 catalog of Hamburg music
publisher C. F. Westphal.”® Early Haydn scholars accepted
the work as authentic. It is included in the 1839 Haydn
catalog of Fuchs'® and was regarded as genuine by the first
of the great Haydn scholars, C. F. Pohl.”” Certain modern
scholarshave alsoregarded this work as authentic Haydn.'

In 1968, H. C. Robbins Landon published a discussion
of the evidence supporting the authenticity of a number of
concertos attributed to Joseph Haydn.” Concerning VI1d:4,
he remarked that “there is no strong stylistic evidence for or
against Joseph Haydn, but the third movement has dis-
tinctly Michael Haydn touches.” With this comment, he set
off an explosion of arguments all attempting to show that
for stylistic reasons alone VIId:4 was likely the work of
Michael Haydn, or at least, not likely to be the work of
Joseph Haydn. In a 1973 paper, Bryan pointed to the
dissimilarity between the solo horn part in the concerto and
horn parts in certain authentic Haydn works, mostly sym-
phonies.® Landon later expressed stronger doubts about
VIId:4, calling it “weak” and suggesting that “the leading
noterhythm” (violin rhythm in the first measure of example
la) of the last movement “could perfectly well be from the
pen of Michael Haydn or a Kleinmeister.”*!

A later denial of Joseph Haydn’s authorship is the
Michael Haydn worklist in The New Grove Dictionary of
Music and Musicians, which gives, without explanation,
VIId:4 as a work of Michael Haydn.”? The new edition of
Karl Geiringer’s Haydn biography reflected a new attitude
about the work. While the 1946 edition had proclaimed of
VIId:4 that “its close relationship to the first concerto makes
Haydn'’s authorship almost certain,”? the 1982 edition al-
lowed that VIId:4 was “probably the work of a follower of
Haydn’s.”** Scott Fruehwald’s quasi-statistical investiga-
tion of authenticity asserts that VIId:4 is spurious based
upon rate of harmonic change, the rate of textural change in
the opening tutti of the first movement, and a checklist of
traits of the opening tutti of the second movement.”> Ohmiya
and Gerlach, in their 1985 critical notes accompanying the
volume of wind concertos in the Joseph Haydn Werke,* offer
themost detailed argument against Joseph Haydn’s author-
ship of the disputed concerto. Their evaluation of sources
questions the veracity of the Breitkopf and Westphal cata-
logs and repeats Landon’s warning that the earliest manu-



script, which is not an autograph, comes from the Zittau
collection, from which certain other members have been
proven to be spurious. They also enumerate the following
stylistic features which they feel are uncharacteristic of
Haydn’s works: the second movement of VIId:4 is in a
minor key, the first movement’s development section is too
elemental and the modulations too limited, the work is too
lighthearted, and the third movement starts with the “lead-
ing note rhythm” to which Landon also pointed. More
recently, in the preface to her 1991 edition of the concerto
VIId:3, Gerlach asserts that V1Id:4 has been “falsely attrib-
uted to Haydn.”#

While much effort has been devoted to calling the
authorship of VIId:4 into question, it is important to keep in
mind that, although there is no documentary evidence to
prove that Joseph Haydn composed this concerto, neither
has documentary evidence been presented to prove that it
was written by another composer. The arguments against
Joseph Haydn’s authorship have been based on finding
some detail (or details) of the disputed work, VIId:4, un-
usual in works known to be authentic Joseph Haydn. The
observer then declares that the evidence shows that VIId:4
is unlikely to be Haydn’s. The problem with this approach
is that music has so many possibilities that a creative com-
poser such as Joseph Haydn could easily endow a given
work with unusual or unique features. For example, the
horn concerto VIId:3 requires an orchestra consisting of two
oboes and strings, which is extremely rare among Haydn's
authentic works (Symphony No. 27 may be the only other
authentic Haydn work to use this orchestration). To declare
VIId:3 to be spurious for that reason alone would be simply
incorrect, because the extant autograph of this composition
attests to its authenticity.

Certain other unusual features of VIId:4 could well be
part of a work by Joseph Haydn. It has been observed that
the first movement of VIId:4 contains no true development
section, only a sequence. This is indeed unusual for Joseph
Haydn concertos and symphonies but not unusual for
eighteenth-century horn concertos. The somewhat limited
chromatic capabilities of the instrument led other compos-
ers, Mozart, for instance, sometimes to omit the develop-
ment and put new themes in its place. That the second
movement is in a minor key is hardly of great consequence.
Although this may not occur in any other “demonstrably
authentic” Joseph Haydn concerto, the number of such
extant concertos is quite small, fewer than twenty works by
the reckoning of Feder’s worklist. If Haydn’s symphonies
are considered, as Ohmiya and Gerlach did when discuss-
ing development sections, the second movement is not
infrequently in aminorkey (e.g., in the early symphonies 12,
17,33, and 37). The “leading note rhythm” of the beginning
of the last movement, which concerned some scholars as
being uncharacteristic for Haydn, may be unusual butis not
unknown in his work. The Terzetto at the end of act 1 of Lo
speziale contains such a figure (Ex. 1).
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Example 1a. Horn Concerto, Hob. VIId:4, I1I, mm. 1-3
Manuscript Mus. 3356-0-503, Sachsische Landesbibliothek
Dresden. Used by permission.
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Example 1b. Haydn, Lo speziale, Act 1, Finale, mm. 72-74,
from Joseph Haydn Werke xxv, 3. © 1959, G. Henle Verlag,
Munich. Used by permission.

It has been shown, to this point, that scholarly opinion
concerning VIId:4 has not been unanimous and that previ-
ously published evidence can be interpreted in new ways.
What follows is new evidence derived from the disputed
concerto itself and from demonstrably authentic works of
both Joseph and Michael Haydn.

Since the disputed work is a horn concerto, it would be
prudent to consider the nature of the instrument. V1ld:4 was
certainly composed in the years preceding its appearancein
the 1781 Breitkopf catalog. The horn had long been limited
to tones in the harmonic series, but experiments with
hand-stopping about this time had made a wider choice of
pitches available. Some of these new pitches were easy to
produce while others were more difficult. The timbres of the
pitches outside the harmonic series and those of the tradi-
tional horn tones did not quite match. For these and other
reasons, composers dealt with the instrument in different
ways. Some composers readily incorporated the chromatic
tones into their works while others were more conservative.
Figure 1 gives the pitches used by Joseph and Michael
Haydn in the solo horn parts of several works. The white
notes are those in the harmonic series, produced only by
varying lip tension. The white notes in parentheses are flat
and need to be “lipped up” or played with the right hand
drawn out from its normal position in the bell. The black
notes canbe produced by ”“stopping” or closing the bell with
theright hand to various degrees, or in the case of the lowest
black notes (“factitious notes”), by bending or “lipping
down” tones in the harmonic series.

The figure also includes an inventory of pitches used
ina group of solo horn works by Joseph Haydn and another
group by Michael Haydn. The Joseph Haydn works are
similar to each other in that none uses many tones outside
the harmonic series, and they all make use of the second
partial, the written note c. The Michael Haydn works are
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Figure 1. Pitches used by Joseph Haydn and Michael Haydn in solo horn writing. , = note
in harmonic series; (, ) = note in harmonic series needing to be “lipped up”;, = stopped or

factitious note. [,9 -
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Works by JOSEPH HAYDN:
a. Hormn Concerto, Hob. VIId:3. (1762)
o o o e 0 o o o o0 o o e (0)o (0)(0)o o 0 0
b. Divertimento a tre, Hob. IV:5. (1767)
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c.  Symphony No. 31. (1765)
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Horn Concerto, Hob. VIId:4.
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Works by MICHAEL HAYDN
a. Concertino in D, for Horn and Orchestra. (ca. 1767)
o ® 0 o 0 o0 (V)OO @0 00 0 (0)0 (9) oo
b. Adagio and Allegro Molto, for Horn, Trombone, and Orchestra (1767?)
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similar to each other in their use of many chromatic tones,
most notably c#” and e-flat”’, and also in their avoidance of
the low register. Each composer’s works, then, form a
homogeneous group quite distinct from the other
composer’s. The pitch inventory of the disputed work is
clearly more similar to the Joseph Haydn works, casting
some doubt on modern assessments of the work’s author-
ship. This analysis is admittedly based on a limited amount
of information, but so are the arguments against Joseph
Haydn’s authorship.

There are other resemblances with authentic works of
Joseph Haydn, some of them striking. The opening of the
third movement of Joseph Haydn’s Symphony No. 17 is
virtually identical to a fragment of the last movement of
VIld:4buttransposed to a different key (Ex. 2). A phrase (Ex.
3) from the solo part of VIId:4 appears as a horn motive and
in the same key several times in authentic Joseph Haydn
works. It is used at least twice in Symphony No. 31, the
so-called “Hornsignal” symphony, and several times in the
horn concerto VIId:3. Nothing resembling this motive ap-
pears in any of the Michael Haydn horn works discussed
above. The connection between VIId:4 and VIId:3 is even
more apparent in the remarkable passage from Symphony
No. 24, which incorporates phrases from both horn concer-
tos (Ex. 4) in a single period.
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Example 2a. Horn Concerto, Hob. VIId:4, mm. 81-85.
Manuscript Mus. 3356-0-503, Sachsische Landesbibliothek
Dresden. Used by permission.
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Example 2b. Haydn, Symphony No. 17, III, mm. 1-4

Hornin D
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Example 3a. Horn Concerto, Hob. VIId:4, III, mm. 58-61
Manuscript Mus. 3356-0-503, Sdchsische Landesbibliothek

Dresden. Used by permission.
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Example 3b. Haydn Symphony No. 31, IV (var. 6), mm. 6-8.
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Example 3c. Haydn Symphony No. 31,1V (var. 4), mm.7-8.
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Example 3d. Haydn, Horn Concerto, Hob. VIId:3, III, mm.
65-68.
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Example 3e. Haydn, Horn Concerto, Hob. VIId:3, II, mm.
97-99,

While these thematic and pitch relationships do not
prove the concerto to be authentic Joseph Haydn, the kin-
ship with his works does appear to be more than mere
coincidence. Perhaps VI1Id:4 is the work of a Joseph Haydn
student or someone else intimately familiar with his work,
but it would seem that Joseph Haydn more than anyone else
would be likely to reproduce the details of his work. Georg
Feder’s study of similarities among Haydn’s works points
out a number of instances in which identical or similar
melodic ideas are thematically important in two different
compositions and, as in the examples presented in this
paper, the same melodic idea is developed differently in
each work.?® Haydn consciously did this at least some of the
time, as he makes clear in his comment about a set of sonatas
published by Artaria in 1780:

Among these six sonatas there are to be found
two movements which begin with a few bars of
similar meaning, viz. the Allegro scherzando of
Sonata no. 2 [Hob. XVI:36] and the Allegro con
brio of Sonatano. 5 [Hob. XVI:39]. The composer
gives notice of having done this on purpose,
changing, however, in each of them the continu-
ation of the same opening.”

Each of the compositions once attributed to Joseph
Haydn must fall into one of the following categories:
verifiably authentic Haydn, possibly by Haydn, or demon-
strably spurious. Although several recent scholars have
argued that VIId:4 is spurious, the new evidence presented
here warrants a reconsideration. It has been shown that the
selection of horn pitches in VIId:4 makes it more similar to
the works of Joseph Haydn than those of Michael Haydn,
especially in its avoidance of certain stopped notes. It has
also been shown that melodic material in VIId:4 bears some
remarkable similarities to that of several authentic Joseph
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Haydn works of the 1760’s.* Barring an unlikely event such
as the discovery of an autograph manuscript of VIId:4, it
may beimpossible ever to know for certain whoisitsauthor.
Considering that many details of VIId:4 bear such a strong
resemblance to authentic Joseph Haydn works and that the
“spurious” argument has not been proved, however, Jo-
seph Haydn’s authorship of this concerto should be re-
garded as quite possible.
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Example 4a. Hom Concerto, Hob. VIId:4, III, mm. 38-41.

Manuscript Mus. 3356-0-503, Sichsische Landesbibliothek Dresden. Used by permission.
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Example 4b. Haydn, Horn Concerto, Hob. VIId:3, I, mm. 47-50.
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Example 4c. Haydn, Symphony No. 24, IV, mm. 5-12.



THE OPTIMAL DESIGN AND
FAIR COMPARISON

OF VALVE SYSTEMS FOR HORNS
by Frederick ]J. Young, Ph.D.

Introduction

The design of better valve systems has been important
to hornists for a long time. Although horn players can fine
tune by adjusting their hand in the bell, too much alteration
in hand position may be detrimental to tone quality. If the
hand is pulled too far out of the bell the sound may become
too bright, and if it is inserted too far the tone becomes
muffled. In addition, such expert use of hand position
requires an almost perfect ear. Today most serious musi-
cians have access to electronic tuners that can be used to
tune any note. The unwise use of an electronic tuner may
result in the tuning of only one note, however. The real goal
of tuning is to make all of the notes in the playing range close
to being in tune when blown in a centered but relaxed
manner. When this goal is attained some notes will be sharp
and others flat by two or three cents (there are 100 cents in
a semitone). This allows the player with a keen ear the
option of easy intonation adjustment by bell hand position
or lip and puts the average player close enough to the
correct pitch for all but the most professional of perfor-
mances. Allintonation references in this paper are based on
the equal tempered scale, and all the calculations are based
on the assumption that the open tones of the horn are well
in tune in relation with one another. The taper of the horn
determines the relationships between the open tones.! Ger-
man horn builders have access to technical documents that
set forth the proper tapers for tuning the open tones. Itis the
primary goal of this paper to establish valve tubing lengths
that minimize the intonation discrepancies caused by the
use of various valve combinations. In addition, answers are
givento someratherold questions concerning intonation as
influenced by the valve and tuning system. These questions
include: Is theintonation of a horn using an ascending third
valve better than one using a descending third valve? Is the
intonation due to the use of the first and second valve
combination better than it would be if the third valve were
used alone? Is it better to tune the open tunes slightly sharp
and, if so, by how much?

In the evolution of valve horns the valves were first
used to obtain horns in various different keys. Thus, a first
valve would have just the amount of tubing required to
lower the original horn two semitones; the second valve,
one semitone; and the third valve, three semitones. Horns
were slow to become truly chromatic. For a chromatic horn
there must be a criterion for the judgment of the accuracy of
the valve tubing lengths. Without a fixed criterion an opti-
mal valve system cannot be found and competing valve
systems cannot be compared.

In this paper a criterion favoring small deviations in
tubing length from the ideal is used along with simple
mathematical methods for minimizing the tubing length
errors. It is shown that better overall intonation is possible
if the open tones are tuned sharp and that the use of valves
one and two in combination is better than three alone.
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Valve Tubing Length Criterion

There is a perfect or ideal length for the valve tubing
needed for the lowering of each different degree of a scale.
Correspondingly, there is an actual length of valve tubing
available which is obtained by pressing valves singly or in
various combinations. Itis clear that for any given combina-
tion, the difference between the actual and ideal valve
tubing lengths should be minimized. This difference can be
either positive or negative and thus it would not be wise to
examine the total error (the sum of the errors for each degree
of the scale) because the sharp and flat combinations might
cancel each other. A better method is to minimize the sum
of the squares of the errors. It is rather like an effort to
smooth a clay tennis court where bumps and small cavities
are not desirable. A roller would be used flatten the bumps
with the hope they will fill the cavities. When the sum of the
average heights of bumps and depths of cavities is mini-
mized, the best clay court has been prepared. For the calcu-
lations in this article it is most convenient mathematically to
deal with the minimization of the squares of the tubing
length errors. The sum of the squares of the errors is called
the variance and the square root of the variance is referred
to as the RMS error.

Experience indicates that flatness and sharpness be-
yond a certain degree is not exhibited by good musicians.
Intonation measurements made? during a performance of
the first twenty measures of the second movement (Larghetto)
of the Quintet in A Major for Clarinet and Strings, K. 581 by
Mozart showed the clarinet intonation was within + five
cents of equal temperament. Many of the clarinet tones were
accurate to within *two cents. Other studies’ indicate that
the intonation of the soprano clarinet alone varies over a
range of about + ten cents. Thus it seems that clarinetists
must make a great effort to achieve good intonation in the
aforementioned Larghetto. Since these papers were written
electronic tuners of small size have become widely avail-
able. On these tuners the smallest major subdivision indi-
cated is about five cents. Although perfect intonation is
always a performer’s goal, it seems that on the average
deviations of * five cents would be acceptable. One of the
goals of this paper is to establish valve tubing lengths that
minimize intonation discrepancies caused by the use of
valvesincombination. These discrepancies are well known.*

The squared error for the valve system is defined as
the sum of the squares of the errors in valve-tube length for
each degree of the scale. The criterion is that the smaller the
square root of the mean squared error, or the RMS error, the
better the valve system. In many scientific activities, RMS
quantities (e.g., voltage and current) are used when the
quantities canreverse in sign. The RMS valueis the effective
magnitude of these quantities. In this paper the RMS error
in frequency is minimized for each different valve system
considered.

Three-Valve Systems

These systems are considered using the techniques
outlined in Appendix A. Their operation is defined in Table
I on the next page.



TABLE I: Three-Valve Systems
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Descending third-
valve horn fingering 0 2 1 1223 0

Ascending third-
valve horn fingering 0 2 1 120r3 23 0

The descending horns are designated as type An and
type Bn while the ascending horns are called type Cn and
Dn. All these instruments are F horns considered to descend
from the open tone only four semitones, and their valve
tubing lengths are adjusted to minimize the variance in that
range. The player starts on the eighth open tone or harmonic
shown in Table I. In order to descend chromatically, the
standard descending third valve system adds tubing by
depressing valves two, one, one/two and two/three. The
next step in the scale is the sixth open tone or harmonic and
the process repeats. The horn with the ascending third valve
system adds tubing to descend the first two semitones, then
when the third valve is depressed the player aims for the
sixth open tone, which is raised one whole tone to produce
the desired note, A. Hornists usually do not use the seventh
open tone because it is too flat. Next, the second valve is
added to the third valve to produce A,. The descending
valve system isapproximately chromatic to the Fybelow the
second open tone. The ascending valve system is chromatic
down to E below the third open tone. This is illustrated
below.
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Descending system

Ascending system

Thus a single horn with an ascending third valve
cannot be useful over the entire low horn range for it lacks
the E;’shown above and low A, G and F;. Because of this we
establish the optimal valve tubing length only in the chro-
matic range of the ascending system.

The fingerings given in Table I are the best for intona-
tion. In the case of the descending third valve horn the use
of the third valve alone could be considered. The resulting
tube lengths do not provide as good intonation as does the
use of the firstand second valves together. In the illustration
above the chromatic descent of the single three-valve horn
to low Fy is noted, necessitating the use of the valve combi-
nations 13 and 123. The tubing lengths of the type Anand Bn
horns could be adjusted to make these fingerings better in
tune. This is not done in order to optimize and compare the
intonations of ascending and descending horns over their
common range of chromatic usefulness. Instead, horn type
F12, a six-semitone descending horn, is presented to exam-
ine the entire range of the descending third valve horn. This
procedure also allows an investigation of the idea® of tuning
the open note slightly sharp to minimize intonation errors.
The method of least squares described in Appendix A is

used to yield the optimal valve tube fractional lengths, with
the results given in Table II.

Asmentioned previously, horns of type An and Bnare
equipped with descending third valves while types Cn and
Dn have ascending third valves. The open tones of types An
and Cn are tuned exactly to the standard pitch. Types Bn
and Dn are tuned purposely sharp on the open tones to
minimize the tuning discrepancies on five rather than four
notes.” For comparison we includealso type E3 and type F12
horns. For a type E3 horn the open tone and valve tubing
lengths are chosen so that the musical pitches C, B, B,and A
are exactly in tune. On the type E3 horn the third valve is
used to produce A. The type F12 horn is the standard three
valvehorn with valve tubing proportioned for six semitones
descent from the open tone, with the open tone purposely
tuned sharp to minimize the RMS error. Mathematical
details are in Appendix A.

TABLE II: Optimal Valve Tube Fractional
Length for Three-Valve
Descending and Ascending Horns

Horn Type Descending Ascending Unadjusted Descending
Valve
number Al2 B12 C3 D12 E3 F12

1 0.12489 0.1261 0.13503 0.14155 0.12246  0.13464
2 0.06189  0.062104 0.06189 0.070832 0.059463 0.06568
3 0.19803 0.19864 0.12489 0.13179 0.18921 0.2102
TSP 0 -0.00091 0 -0.005685 0 -0.0037
normal sharp  normal sharp normal sharp

All entries except the TSP in Table II are the quotient
of theactual valve tube length and the effective length of the
open horn. The minus signs on the Tuning Slide Pull (TSP)
row indicate shortening of the tuning slide from its length
when tuned at standard pitch. For both descending and
ascending horns the valve tubing lengths are all a bit longer
when the open tone is purposely tuned sharp. The type E3
horn has about two inches less valve tubing than type A12.
Type F12 has almost four inches more valve tubing than
type B12. These length are for F horns assumed to have an
effective length of 147.68 inches (3.75 meters). The intona-
tion of each system is presented in cents in Table III.

The suffixes 12 and 3 in Table III mean the horns are
meant to use the firstand second valve combination or third
valve, respectively, for three semitones descent. Type A12
horns are optimized for the use of the first and second valves
to produce A, for example. Type An and Type Cn horns are
tuned exactly on an open tone. Type Bn and Dn horns are
purposely tuned sharp on their open tones to minimize
intonation error. The ascending valve must be engaged
when tuning horns of type Cnand Dn. Types E3and F12 are
explained later.
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TABLE Il : Minimum Intonation Errors in
Cents for Three Valve Systems
(Negative entries indicate flat pitch.)

Horn type Errors RMS Error
A12 0 -396 374 354 0 291
A3 0 -6.12 0 5.45 0 4.33
B12 315 -297 -281 265 0 2.60
B3 4.88 -4.59 0 -4.09 387 391
C12 -123 116 -670 635 -9.26 5.90
C3 -374 354 0 0 -3.96 291
D12 315 -297 -281 265 0 2.60
D3 281 265 0 3.15 -297 260
E3 0 0 0 0 15.53 6.95
F12 1282 190 -739 -543 -11.69 8.82
Pitch C B B, A Ay

The type Cn and Dn natural horns would be two
semitones higher than the type An and Bn horns because of
the ascending third valve, which adds fundamental length
in the valve rather than the tapered section. That is the
reason the note A is exactly in tune in the type C3 horn.
These calculations show that the RMS error of intonation is
2.91 cents for horns of type A12 and C3. One has no net
intonational advantage over the other. The calculations also
show that the RMS error for horn types Al2 and C3 is
reduced from 2.91 to 2.60 cents by making the tuning open
note 3.15 cents sharp as shown in horns of type B12 and D3.
The descending horn which uses the third valve alone (type
A3) has an RMS error of 4.33. Tuning the open note 4.88
cents sharp also improves the type A3, lowering the RMS
error from 4.33 to 3.91 cents as seen under type B3. The
ascending horn which is meant to use the first and second
valve combination (type C12) is not well in tune. Allowing
the open tone of that horn to seek its own tuning produces
the ascending horn of type D12, which has an RMS error of
2.60.

At their best, ascending and descending horns can
have equally good intonation. On one note (B) thereisa 7.5
cent discrepancy between descending (type Al2) and as-
cending (C3) horns. On that same note, the discrepancy
between the type A3 and C3 is more than 9.5 cents. The
ascending (type B12) and descending (type D12) horns have
the same errors on each note and both have an RMS error of
2.60. The ascending (type D3) horn also has am RMS error of
2.60. There are discrepancies, however, between the notes
produced by the horns of types D12 and D3.

The type E3 horn uses the third valve alone to produce
A and second and third valves to produce A-flat, with the A-
flat being rather sharp and the RMS error high. Usually any
variation of more than ten cents is considered unacceptable.
Inserting the hand further into the bell could correctitat the
expense of altering the tone color, but this is the most
straightforward way of adjusting the tubing lengths for a
descending horn. Although the type E system is not as good
as the type A system, it could be made to have zero RMS
error by adding another valve. The additional valve for a
type E3 horn would lower the open tone by four semitones.
Single horns of that kind were made long ago in Germany.
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When the open tone is tuned exactly the type A12 system is
the best three-valve horn that canbe devised to descend four
semitones. Since valves were introduced the valve systems
have approached type Al12 by an empirical process. The
type B12 horn, which is tuned sharp by 3.15 cents, has an
RMS error which is ten percent less than for the type A12
horn. Over the given range of frequencies the ascending and
descending horns areequally good. The ascending hornhas
the advantage thatit’s valve tubing lengths can be chosenso
that a horn which uses the first and second valve combina-
tion is as good as one that uses the third valve alone. The
valve tubing lengths for each of these horns are different,
and if one uses the third valve alone on a horn constituted
for the first and second valve combination, a large intona-
tionerror mayresult. Although theascending hornmay not
be as heavy in weight as the descending horn because it has
less tubing, it suffers from the need of an additional valve for
the missing note. The addition of the extra valve would
make the ascending horn heavier than the descending horn.

Low Horn Considerations
If the chromatic descent of Table III is attempted by
beginning on the third open tone, the systems presented
here do not function as well because they must descend six
rather than four semitones. This is depicted in Table IV.

TABLE IV: Intonation Errors in Cents
for Three Valve Systems
(Negative entries indicate flat pitch.)

13 128

FE Tid S—— T
Horn type Errors RMS
Error

Al12 Same as in Table III 15.53 36.37 15.15
B12 Same as in Table III 1553 37.13 1537
E3 Same as in Table III 30.32 53.56 24.00

Theseintonation errors fall into the unacceptablerange,
but they can be corrected to a limited extent by optimizing
the lengths of the valve tubes to cover a six-semitones
descent. In that case the fractional lengths given in Table II
in column F12 are used. The intonation errors are given
below:

Semitones descent 0 1 2 3 4 5 6
error 12.82 190 -7.39 -5.43 -11.69 -3.34 13.66
The RMS error for this configuration is 9.15 cents. The
open note as well as the fourth and sixth semitones of
descent are not satisfactory. Clearly, a double horn would
be helpful because it would not have to descend by five and
six semitones except for the notes based on the second
harmonic on the low side of the horn. Perhaps the high side
of the double horn should have type Bn valves and the low
side should have type F12 valves. Additional study for
double horns should be done.

The addition of a horn tuned five semitones higher
alleviated the problem occurring at the third open tone on
the low horn by making use of the second open tone of the



higher horn. However, it did not cure the problem. It shifted
itdown to the second open tone of the lower horn. Given the
excellent intonation of the type B horn over most of the
useful range, it seems a type B double horn is adequate. The
low F; and G, which tend to be 36.37 and 15.53 cents sharp,
become a problem in a sustained passage, where a combina-
tion of lip, right hand, and temporary slide adjustments can
be employed to solve the problem. The double ascending
horn does equally well and in fact better on low Fyand G but
cannot produce a low G; without the use of an extra valve
made solely for that purpose. However, if the separation
between thelow and high side of the ascending double horn
is made to be six rather than five semitones, then low Gyand
all the rest of the notes on the chromatic scale can be
produced. This implies descant horns pitched in high E and
B, or high F and By and standard horns pitched in low E and
B, or low F and B,. Although these may seem unattractive
combinations they have many advantages. For example,
with a E/B, double descending horn the 123 valve combina-
tion is never needed, and its elimination helps to reduce the
RMS error in intonation.

Conclusions

It has been shown that single horns with an ascending
third valve can be as well in tune as the more conventional
single horns but have gaps in their chromatic range. The
double horns of these kinds are comparable, but the double
horn with the ascending valve lacks a low A,. There appears
to be an advantage to tuning the open tones of the horn
sharp by about three cents and thirteen cents for descending
horns that descend four and six semitones, respectively.
The ascending (type D3) horn nominal open note, C, must
be tuned about three cents flat as indicated in Table III. The
real open tone obtained by depressing the third valve must
be tuned about three cents sharp. However, the use of both
type D3 ascending and type B12 descending horns in the
same ensemble may present problems because the intona-
tion errors on the open tone and second valve notes are in
opposite directions, as indicated in Table III. On the other
hand, the use of the type D12 ascending horn alleviates the
problem completely. In that respect, one concludes that the
ascending horn with the open tone tuned 2.7 cents sharp
and using the first and second valve combination rather
than the third valve alone is the best solution. In the case of
ascending horns that are tuned sharp with the valve tubing
lengths optimized, use of the third valve alone does notraise
the RMS error. In all other cases examined here, use of the
third valve alone results in a significantly greater RMS error
in valve tubing length than does the use of the first and
second valves together. Although using valves in combina-
tion generally reduces the RMS error, it can lead to stuffi-
ness. Because the first and second combination does not
seem stuffy, it is concluded that the use of the first and
second combination is more desirable than the use of the
third valve alone. Although there is an intonation advan-
tage to separating the high and low sides of the double horn
by six rather than five semitones, many innovations in horn
valve system design are possible.
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Practical Application

Itis clear that the adjustment of horn valve slides must
be done carefully and probably requires the use of a tuning
meter. In order to tune the horn, an open note which is
normally in tune in the middle of the best playing range on
the main horn side should be selected. Set the tuning meter
response to fast and practice that note before the meter until
it feels centered and remains very steady in pitch. If the
desired pitchlevel is A440, raise the calibration on the meter
by about three cents for a type B12 horn. This action sets the
meter to be three cents sharp. Have some other person
adjust the tuning slide while sustaining the note until itis in
tune with the meter. Next use the second valve and have
that person pull the second valve slide to make it about six
cents flat to the meter zero. To complete the process also
tune the first valve slide to be six cents flat to the meter.
Observe that the first and second valve combination is
slightly sharp (close to zero) and the second and third valve
combination is about three cents flat. Then reset the tuning
meter to A440 and obtain the results given for a type B12
horn in Table III. This process can be repeated for the other
side of the double horn. It is best to tune the side having an
independent tuning slide last. If the horn is constructed as
a type F12 instrument, then the valve slides may need to be
shortened before it is possible to make the adjustments
givenin TablelL If it is a type E3 instrument it can be easily
converted to type B12 by appropriately adjusting the slide
pulls.

The Future

The elimination of the kind of tuning problems pre-
sented here awaits the development of a triple horn built in
different keys than the F, By, high F presently used. If the
horns are designed to be separated by four semitones, then
valves one, two, and three never will be used in combina-
tion, and the correct length of tubing will be available for
every note.

APPENDIX A: Mathematical Details

The calculations are based upon a simplification of the
actual physical phenomenon. To the order of the accuracy of
this simplification, the length of tubing required to lower
the pitch of a horn of length L, by k semitones is given by

Lk = Lo(zk/lz_l)
M

The validity of this relationship shall be discussed in
Appendix B.

Ifahornhasjsets of valve tubing, the length of each set
of valve tubing is denoted as L S, S, is the fraction of the
natural horn length required. When a valve is used there
may be a discrepancy in length between the length of valve
tubing and the desired length given in equation (1). Al-
though it is possible to make the discrepancy zero in par-
ticular cases, it is not advisable.
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Conventional Three-Valve Horn
Adjusted for Six Semitones Descent
In the case of a conventional three valve instrument
the discrepancies are listed in the following setup table:

TABLE Al: Setup for a Common
Three Valve Horn (Type F)

Semitones Lowered Fingering Discrepancy
1 2 S,-L,/L,
2 1 S, -L,/L,
3 12 S, +5,-L,/L;
4 23 S,+S,-L,/L;
5 13 S, +S,-L./L,
6 123 S +5,+S,-L,/L,

The sum of the squares of these discrepancies is given by
E=(S-L,/L)*+(S,-L /L) +
(5, +S,-L,/L)*+(S,+S,-L,/L)*+

(S, +S,-Ly/L)*+ (5, +S,+S,-L, /L) (2)

Similar expressions hold for any number of valves,
including compensating valves. It is possible to find single
values of S, S,, and S, that minimize the sum of the squares
of the discrepancies. These values are optimal for the mini-
mization of E_. Differential calculus tells us that this extre-
mum is approached when the rate of change of E_ with
respect of S, and S, and S, (each taken separately) is zero.
This is akin to the lowest or highest point on a surface. In the
notation of the calculus

JE,/9S, =0, 9E_/3S, = 0, and OE_/3S, = 0

This yields three simultaneous equations, solvable for
5,5, andS;intermsofL /L ,L,/L,L,/L, L,/L, L. /L, and
L,/L, To simplify the notation we define the ratio

R =L /L =2¥2-1
The values of R, are given in Table A2.

TABLE A2: Semitones Versus Fraction
of the Tube Length Increase

k R

k

0.059463
0.12246
0.18921
0.25992
0.33484
0.41421

NN W=

Then for a three-valved horn the simultaneous equations
become
45 +25,+25, =R, +R, + R, + R

25 +45,+25,=R +R, +R, + R, 3)
251+252+3S3=R4+R5+R6
The Horn Call Annual/No. 5, 1993
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or in a matrix form (a kind of mathematical shorthand)®

MS=R 4)
where
M = 4 2 2
2 4 2
2 2 3
S = S,
SZ
S3
R=fR, + R, + R + R
R, + R + R + R
R, + R, + R

Q)

If it had been decided to use the third valve alone to lower
the open tone by three semitones, then the third row of Table
A1l would be altered to read

3 3 S,-L,/L,
necessitating slightly different values for M and S. In that
case

3 1 2 Re R2+R5+R6
M 1 3 2 "I R +R, +R, (6)
2 2 4 R, +R, +R, + R,
and S=M1R.

Although M and R are derived by calculus, they can be
found from the setup table by simple arithmetic. Here

R= 1.0607 09228 1.009
S = 0.13021 0.061255 0.20868
E= -2.9253 -11.915 -3.2889 -13.704 -5.2486 17.305

The RMS error over the first four semitones descent is 9.34
cents, and the complete RMS error is 10.62 cents. If the third
valve is used alone for the third semitone of descent, the
RMS error becomes -28.118 instead of -3.2889 cents, com-
prising a very large error in intonation. It is useful to repeat
the above calculation for the case where the third valveis to
be used alone. Here

0.87152 0.7336  1.1982
0.13621 0.067253 0.19781

R:
S=
E= -12683 -21.079 -12.483

-7.05511.0574 15.908

The RMS error over the first four semitones of descent is
14.237 cents and the complete RMS error is 13.323 cents. If



the first and second valve combination is used instead of the
third valve, then the error for three tones descent is
-21.079 instead of -12.483 cents. The comparison of these two
cases indicates that the valve system setup for the first and
second valve combination is best unless the hornist wishes
to specialize on the three lowest notes. In that case a valve
system setup for the use of the third valve alone is best.

Horn A
Conventional Horn Descending Four Semitones

Horn A from Table Il is a three-valve single horn with
a descending third valve tuned so that the open tones are
exactly in tune. To construct the setup table one firstlists the
number of semitones lowered in column one and the finger-
ing in column two. Then the discrepancy column follows
logically. The setup table is given here as Table A3. To form
the discrepancy column the ideal or exact tube length, R
is the number of semitones lowered), is subtracted from the
total valve tube length, S, (i is the valve number).

Table A3: Setup for a Three-Valve Horn
with Descending Third Valve Limited to a
Four Semitone Descent

Semitones

Lowered Fingering Discrepancy
1 2 S,-R
2 1 S, -R,
3 120r3 S,+5,-R,orS,-R,
4 23 S,+S,-R,

Whenalowering of one semitone is desired, the length
of the second valve tubing, S, must be used. From that is
subtracted the exact length necessary for a lowering of one
semitone, denoted as R,. When more than one valve is
depressed the sums of the valve lengths must be used. The
R vector and the M matrix are constructed row by row,
beginning on the first row with a scanning of the discrep-
ancy column for entries involving S,. These occur in rows
two and three if the first and second valve combination is
used or in row two only if the third valve is used alone. The
first and second valve and the third valve alternatives for
the three-semitone lowering must be examined separately,
with the first and second valve combination considered
first. The first number in the first row of the M matrix, 2, is
obtained by determining how many S, terms occur in rows
two and three of the discrepancy column. The second num-
ber in the first row is 1, which is the number of S2 terms in
rows two and three of the discrepancy column. The third
number in the first row of the M matrix is 0 because rows two
and three of the discrepancy column have no S, terms. The
first term of the R vector is the sum of the R terms in rows
two and three of the discrepancy column or R, + R,. The
second row of the M matrix is determined from the rows of
the discrepancy column in which S, terms occur, that is,
rows one, three, and four. Then the second row of the M
matrix reads 13 1 and the second term of the R vector is R,
+R, + R . The third row of the M matrix is determined from

the rows in the discrepancy column in which S, terms occur,
namely, row four. Then the third row of the M matrix is 0 1
1 and the third term of the R matrix is R,. Thus, equation (7)
is the M matrix and R vector when the first and second valve
combination is used.

2 1 0 S, R, + R,
1 3 1 S, — R, +R, + R,
0 1 1 S, R,

Equation (8) is used if the third valve alone is used
instead of first and second valves.

1 0 0 S, R,
0 2 1 s = R+R
0 1 2 S, R, +R,
®)
Horn B

Conventional Horn Descending Four
Semitones Tuned Sharp

R.W.Young"indicated thatit might be advantageous
to tune the open notes of brass instruments to a different
pitch level to aid in the compromises necessary for good
intonation when valves are used in combination. In this
case, the open tone from which chromatic descent is made
is set to be out of tune in order to help minimize the RMS
error. Now the setup table must include a row for zero
semitones of descent, as in the following example:

Semitones
Lowered Fingering Discrepancy
0 0 S,
1 2 S,+S5,-R,
2 1 S, +S,-R,
3 12 S, +S5,+5,-R,
4 23 S,+S5,+5,-R,
Then equation (9) results:
2 1 0 2 S, R, + R,
1 3 1 3 S, -1 R +R, +R
01 1 1 S, R,
2 3 1 5 S, R +R,+ R, +R,
)
Here [R]= 0.31167 0.50859 0.25992 0.63105
[S]= 0.1261 0.063104 0.19864 0.0018205

Inthis case S, isnegative indicating sharp tuning of the
open tone. If the third valve is used rather than the firstand
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second valve combination, the equation to be solved for
valve tubing and tuning slide pull (push) would become as
follows:

1 0 0 1 S, R,
0 2 1 2 s, ] =] R+ R,
01 2 2 S, R, +R,
1 2 2 5 S, R, +R, + R, + R,
(10)
Here [R]= 0.12246 0.31938 0.44913 0.63105

[S]= 0.12527 0.065089 0.19483 -0.002813
Horn C

Ascending Three Valve

Horn to Descend Four Semitones

With First and Second Valves

Here the most difficult task is the creation of the
setup table. Actually, an ascending horn is two semitones
higher than itsnominal key. An Fascending hornisa Ghorn
that only sounds its tapered length when the third valve is
pressed to remove enough cylindrical tubing to produce the
open notes of the G horn. Thus the setup table begins with
two semitones of descent. It is given by the following:

Semitones

Lowered Note Fingering Discrepancy
2 C 0 S,-R,
3 B 2 S,+5,-R,
4 B 1 S,+S,-R,
5 A 12 S, +S5,+5,-R;
6(1)" A 23 S,-R,

In order to obtain the desired four semitones of de-
scent, the hornist goes to the next lower lip position on the
G horn and then uses second valve to lower the tone by one
semitone. The fingering is identical to the normal descend-
ing horn, but in principle, the ascending horn is rather
different than the normal descending horn. The matrix
equation for this case is given by

2 1 2 S, R, + R,
1 3 2 S, = R, + R, + R
2 2 4 S R,+ R, + R, + R,

3

The use of the first and second valves for A corre-
sponds to the standard use and might seem to be best.
However, if the second-valve tubing gives good results
when valve two is used to produce B, then A, , which uses
that same valve in combination with the shorter horn in G,
may be very flat. When the values of R, are substituted into
equation (11), the following equations result:

R= 0.59476  0.58351 0.90643
(12)
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The solution to equation (11) becomes

S= 0.14155 0.065148 0.12326
(13)
This yields an error vector E given by
E= -1.231 1.1632 -6.7003 6.3481 -9.2639
(14)

The resulting RMS error is 5.8972 cents over the total
descent of four semitones below C and including C itself.
This analysis adjusted the C to be 1.23 cents flat to help
minimize the RMS error. The notes C and B are well within
the limits of good intonation. B, is flat by 6.70 cents and A
is sharp by 6.35 cents. Perhaps they are acceptable, but the
A, isflatby9.26 cents. Assuming that the valve tube lengths
should increase in inverse proportion to small changes in
frequency, the first and second fingering is the best that can
be done.

With Third Valve Alone
The case where the third valve is used alone was
also investigated. In that case the setup table becomes

Semitones

Lowered Note Fingering Discrepancy
2 C 0 S,-R,
3 B 2 S,+S,-R,
4 B 1 S,+S,-R,
5(0)" A 3 0v
6(1) A 23 S,-R

The equation constructed from the setup table is

[ R
- N O
W =
w »n Wn
N e
|

R
+ 4+
&R
+
A

(15)

Where R= 0.25992  0.24867 0.57159
(16)
The solution to equation (15) is as follows:
S= 0.13503 0.06189 0.12489

17)
This leads to errors in cents of
E= -3.7398 35373 O 0

-3.9619
(18)

The resulting RMS error in this case is 2.905 cents over
the entire series of intervals. In the examples above C and B
are not as well in tune as they were when the valve tubing
lengths were optimized for the use of a first and second
valvecombination,butB, , Aand A, haveimprovedbyabout
six cents each.



Ifthevalve tubing lengths are not been adjusted by the
above method, and each valve tube is adjusted to be perfect
alone, then the results are as follows:

E= 0 0 0 0 -11.859
(19)

Here the RMS erroris 5.3035 cents. However, the A, is
too low to be comfortable. If the same is done for the
ascending horn using the first and second valve combina-
tion, Ais10.63 centssharpwhile A, remains11.859 centsflat.
The RMS error increases to 7.12 cents. In this instance the
situation is worse than the RMS error indicates because the
interval between A and A, is only 72.5 cents when it should
be 100, constituting a tuning discrepancy that is clearly

unacceptable in a chromatic context.

Horn D
Ascending Three Valve Horn to Descend
Four Semitones Tuned Sharp

To treat this case one more term is needed in the S
vector. S, is the tuning slide pull (push). Then the setup table
becomes

Semitones

Lowered Note Fingering Discrepancy
2 C 0 5,+S,-R,
3 B 2 S,+5,+5,-R,
4 B 1 S, +5,+S,-R,
5(0) A 3 S,
6(1) A 23 5,+5,-R,

The matrix equation to be solved is given by

1 0 1 1 S, R,
02 1 2 s, | =] {+R
1 1 3 3 S, R, + R, + R,
1 2 3 5 S, R, +R, + R, + R,
(20)
where
R= 025992 024867 0.57259 0.63105
(1)
S= 013564 0063104 0.1261 -0.0018208
(22)
E= 28056 26523 0 3.1546 -2.9723
(23)

Here the RMS error is 2.6 cents. To tune the ascending
horn open tones one must depress the third valve to remove
the valve tubing. Equation (23) indicates the tuning should
be 3.15 cents sharp, which results in an overall reduction of
0.3 cent in the RMS error.
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Horn F
Common Three Valve Horn Adjusted for
Six Semitones Descent
Tuned Sharp

An extra length of tubing represented by S, is
needed in the setup table to simulate a tuning slide push.
The setup table becomes

Semitones

Lowered Fingering Discrepancy
0 0 S,
1 2 S,+S,-R,
2 1 S,+S,-R,
3 12 S,+5,+5,-R,
4 23 S,+S5,+5,-R,
5 13 S,+5,+S5,-R,
6 123 S,+S,+5,+5,-R,

The matrix equation to be solved for S becomes

4 2 2 4 S, R,+R, + R, + R,
2 4 2 4 S, I=] R, +R,+R, +R,
2 2 3 3 S, R, + R, + R,
4 4 3 7 S, R, +R,+R,+ R, + R, + R,
(24)
Here
R= 1.0607 0.9228 1.009 1.3801
and the solution is given by
S= 0.13464 0.065682 0.21015 -0.0073779
The error in cents is given by
E= 1282 1.8957 -7.3881 -5.4316 -11.691 -3.3396 13.66

with an RMS error for the first four semitones of descent of
8.82 cents and a total RMS error of 9.15 cents for the total
descent.

APPENDIX B: Validity of the Basic Assumption

It is well known that the length of the single horn in
Fis about twelve feet exclusive of valve tubing. R. Morley-
Pegge'* says the length is 3.751 meters or 147.68 inches or
12.307 feet. He also says that certain lengths of tubing must
be added to lower the F horn by intervals of one, two, and
three semitones. His figures are given below in a table along
with valve tubing lengths measured on two F horns manu-
factured by Alexander and King as well as with lengths
obtained from equation (1) in Appendix A.
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TABLE B1: Valve Tubing Lengths
Measured on F Horns (in inches)
Semitones Morley-Pegge Alexander

King Eq. (1)

Lowered (Model 103) (Circa 1930)

1 8.86 9.56 9.69 8.78
18.15 18.25 18.75  18.09

3 27.99 28.38 30.00 2794

If it is assumed that the total effective length of the horn is
L, = 147.68 inches (a careful measurement on a King F horn
gave 148.8 inches) and that

L/L,=C/f°
it is possible to determine the values of C and p best fitting
the data. Using a method due to Marquardt™ the results of
Table B2 are obtained.

Table B2: Variation of F Horn Length with Frequency

Source C p Variance
Morley-Pegge 87.709 1.001  0.0007
King F horn 103.81 1.0391 0.0372
Alexander F horn 89.26 1.0046 0.0823

For trumpets R. W. Young obtained p = 1.5 by mea-
surement.’® For baritones and tubas he obtained p = 1. The
above calculations reveal that the horn behaves more like
the tubas than the trumpets. One might be led to think of the
horn as a close relative of the trumpet because the mouth-
piece and tubing of both instruments look almost the same
in overall diameter. The ratio of length to tubing diameter
seems to be the important variable. For horns in F it is about
315. Tubas vary between 260 and 360 and trumpets are ata
ratio of about 105. This leads one to believe that p = 1 for
horns. The past literature and the above calculations indi-
cate horns behave as assumed earlier in this work.

Other measurements of the intonation of the King F
hornmadeby the authorindicate it wasbuilt withelongated
valve tubing lengths to help minimize errors due to valve
combinations and that it is of type F12. For example, when
a 123 valve combination was used, it was necessary to make
aslide pull of four inches to make it in tune for six semitones
lowering. Actual measurements and evaluations based
upon R. W. Young'’s formulas" indicate that for the above
horns 0.90 < p < 1.1. However, differing values of p are
obtained on different harmonics. These measurements,
while easy technically to make, have large standard devia-
tions due to extreme variability in pitch exhibited by many
hornists. If these measurements could be made with small
standard deviations they could be used to optimize the
valve tubing length according to any criterion desired.

When performing these measurements it is best not to
remove the right hand from thebell or change hand position
in any way. It is best to have help in recording the data and
the player must not be determined to play perfectly in tune.
Instead, the player should find the most centered way to
play each note in a very steady manner. Care also must be
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taken to keep all parts of the horn warmed-up before each
measurement. Given the aforementioned difficulties en-
countered in such measurements, it is simpler to base the
choice of p on the measurements of valve tubing lengths of
actual horns.

NOTES

1Friedrich Blume, ed. Die Musik in Die Geschichte und
Gegenwart (New York: Barenreiter, 1962), s.v. “Posaune
Akustik,” by F.J. Young; F.]. Young, “The Natural Frequen-
cies of Musical Horns,” Acustica 10 (1960): 91-97.

2R. W. Young, “Sur l'intonation de divers instruments
de musique,” Acoustique Musicale, Editions du Centre Na-
tional de la Recherche Scientifique, ed. F. Canac (Paris VII,
1959), 169.

*R. W. Young and J. C. Webster, “The Tuning of
Musical Instruments (III) The Clarinet,” Gravesaner Blitter
Heft 11/12(1958):182-186;]. Meyer, “Uber der Messung der
Frequenzskalen von Holzblasinstrumenten,” Das
Musikinstrument Heft 10 (1961): 614.

4R. Morley-Pegge, The French Horn, 2nd ed. (New
York: W. W. Norton, 1973), 53.

5On the ascending third-valve system, the low E, is
available only with an extra valve.

SR. W. Young, “Optimum Lengths of Valve Tubes for
Brass Wind Instruments,” Journal of the Acoustical Society of
America 42 (1967): 224-235.

’These type designations have nothing to do with the
fundamental pitch of the horn and apply to horns inall keys.

8 Tuning Slide Pull, Negative numbers represent a
push. Here 0.00091, 0.005685 and 0.00037 correspond to
about 0.134, 0.840 and 0.546 inches, respectively.

°F. E. Hohn, Elementary Matrix Algebra, 2nd ed., (New
York: MacMillian Co.) See Chaps. 1, 2, and 3.

WR. W. Young, “Optimum Lengths,” 224-235.

U The next lower harmonic or open tone is used when
the second and third valves were depressed.

2The next lower open note or harmonic is used.

BThe discrepancy of zerois due to the assumption that
the open tones of the horn are in tune.

“Morley-Pegge, The French Horn, 53.

5Hohn, Elementary Matrix Algebra, See Chaps. 1, 2,
and 3.

R. W. Young, “Optimum Lengths,” 224-235.

7 Ibid.



CONTRIBUTORS

John Jay Hilfiger (Who Composed “Haydn'’s Second Horn Concerto?”) is Assistant Professor of Music at the
University of Wisconsin Center-Fond du Lac and Music Director of the Fond du Lac Chamber Orchestra. He is a
graduate of the University of Rochester, Temple University, and the State University of New York at Binghampton. He
also earned a M.S. in biostatistics and was a professional statistician before completing a Ph.D. in music from the
University of lowa and embarking on a new career in college music teaching.

Frederick J. Young (The Optimal Design and Fair Comparison of Valve Systems for Horns) owns a consulting /
research firm in Bradford, Pennsylvania that specializes in electrodynamics. He holds a Ph.D. from the Carnegie
Institute of Technology and owns many patents outside the music field. An amateur hornist and tubist, he studied with
Forest Stanley and played in the Pittsburgh Symphony under Fritz Reiner as a student. He does musical/acoustical
research as a hobby and was first published in that area in 1959.

16 The Horn Call Annual/No. 5, 1993



I0 Padu Y} Pasnpal YoTym 3110313da1 9I103eAIdsuo)) pue
e19d 9 JO UOTIBIUSLIO JATIRAIISUOD d} :SeIq SIY} Ut pajed
-pnred aAey 0] WLIS 10308 OM] "SIISN[D I[qeYdeIap ayl
parajaxd sxaurroyrad youai yeys ‘ano syurod uosdLI I se
I3A9MOY ‘any sT 3] *aduewr10313d ofos 10§ Apremnonted quawr
-NIISUT 3} 0} UOIPPE JudurwIdd ‘SNOTIIS B SB SIA[RA MES
PRI “A[SNOTAQQ) "PIEME OU PIATIORI UOTYM ‘IISND dATeA
-9313 3[qeYDEIAP B YNM (ATR[EL]) SUTIOIUY AQ dPEU 3UO “U0T)
-1sodxd /z8T auya 1e pake[dsIp sem uIoy I3Yjoue ey} 930U 0}
Sumysazayur st 31 ‘utaa je Uy *(pg 98ed ‘paljoN) puLiuod 0}
YOTYM UM A80[0UN]03] SI0W JUBSW SIATEA 3T} NG ‘JUW
-NISUT PIA[RA-III} B IIM POYIOW SIY SN p[nod 1ourroyiad
© Jey) pOYldw STY UI 9)e] SIJeiS PAIJIdIA ‘DUO SNOTISUOD
© SEM SIA[BA OM] JO IDTOD A ], "A[JUSIDTJ3 ISJOUE O] OOID
auo woiy Surdueyd JO SULId) UT AUO JT ‘SIDIOUD YOOI JO 13q
-wmu [eonoeid a3 Suronpai sny ‘SN00I [EUTWLII] YIM UI0Y
[eXIS3YDIO A} JO PEASUL ‘0J0S 407 3} UO SNIOJ Y} Spnout
uSrsap SIY} Jo suonedTyRUR A, "A[[BUINUI Pappe aq p[nod
SOOI 0s ‘Youeiq [[3q Y} 03 paydene Apusueursad 12snp
SA[BA-OM] 3} dARY O} UIOY 1S11J ) OSTe Sem ST “uonisodxyg
/78T S} e WIOY S, PaIJIdA O} PAINQLINE UONBAOUUT AJUO 3}
jou sem Surqny dATRA 33 03 SIPI[S JO UORIPPe YT
*M3U a3} SUIZIIN 3[IYM Plo Ay}
J0 1839 33 PaAISsaId SEIPI'S, PAIJIBIA ‘PAsN 3 03 SIIM SUIOY
PRATRA J1 1R} J[3] 9Y asneddq ‘sSUnLIm I93e[ ST Jo Aueur ut
NI0M S, paIjIdIA JO aanzoddns A1oa sem jerdne(y ‘1oramoy
‘A18urstading “uioy ay} Jo onsiIaideIRYdUN St uodn paumolj
s1o30 pue jexdne(q YoTym a7x1u4 409 33 JO SULI SJUSWISYE)S
asay [, ‘Jnsaz Surdysnes a1ow © Ym sauy Aueul pue ‘op
0} PaYSe Ik SUIOY PU0d3g I0 ISIL] YYD Jey} [[e 19400 ued
sourojrad wroy-paarea a3 aonoeid yim ey Afurerd sAes
PaIIoIN “s4aY [[e ur Ae[d pInod g ut uIoY e 3By} Yons SUOKIs
-odsuen; jo a[qe; e ur Supeunumy ‘readdestp suondrosard
001> 3y} pue saguer [[e ISA0D SISDIIXD [[e A[[ENIUSAd
asnedaq adpoerd Suruurdaq 105 asrwoidwod e aq 03 wass
3S3Y} INq “SISIIIXA STY UT saueyd J0o1d saquidsard paygsN
yeyy anxy st 3y (§ 98ed ‘pazgiay) way aoe[dar usas pmod
mq ‘suioy (mo) puodag pue (Y31H) isi jo sjerdneq
uo aaoxdunr A[uo jou pnod jusWNISUT PIATRA Y} ey}
SI Uo1}sa33ns [BISISAOIIUOD JSOW ST "(3sIod Jo ‘A@ir[od)
IOJUSW SIY UM SI213esIp PIIJIdA MOY 330U 0} 3unso
-IDJUT STL**apoy3a N Terudwmnuow s yerdne(q o3 juswsddns
e Se POUJdW SIY 1831} PIP PO Y3noys ‘Afreur
“I9PISUOD J0U PIpP Y Jel} ‘pauIquuod 10 A[Te
-nprarput ‘onbnunya) puey pue £30[ouyda) aA[ea jo adse
Aue aurdeurr 03 piey st J1 ‘UOISSNISIP S,PAIJIdIN Surpeas
191V "SIdYI0 pue pruwo(] ‘yeidneq Aq sy10m snorLrea ut
saBessed wroy [eanjeu ymoyyTp Sunuwiojrad jo sAem Surpred
-31 SEIPI USAd pue ‘suoriisodsuern ‘syusureuro 10y suondo
sassnosIp osye JL] ‘(g 28ed) 1093J8 10J 3DI0A 153D 0} JI0A
peaY Wwoiy Ao 03 3sooyd Aewr 1a8urs e ax1] yonur ‘afdure
-X3 10§ ‘sajou pajeadar uo usAd sadued axquury aATssaIdxa
asn ued rounrojrad e jeyl Moys 0} JOUYMNJ S303 PayIBN
-uorssaidxa [edrsnw 0} ANAIIIUOd 0} JUIWNIISUT Y} UO
ajou yoea 10§ (paddoys-A[ng Surpnpour) suoReUIqUIOD SATRA
/Puey JUSIdJJIP INOJ st AUeUI Se W0 3500 Ued IauLiofad
© MOY Yj3Ud[ JWOs je SIqLIISIP Y ‘SIdIAIP Junjoold se
A[9AISUIXD SIA[EA Y} SN 0} MOY ISP 9Y} MOYS 3Y S0P
AQuo joN -Sunyew-disnw aarssaxdxa 105 suondo Junuiog

€661 ‘S "ON/IvnuUuy (v U40H Y],

-12d yuazapp Auewr dojasap ued 1alerd ayy moy p3uaf Je
S3SSNISIp PalJIdIA ‘sansst Sururiojrad padueape 03 pajoAdp
‘(‘p3gg saBed) sj10M 93 Jo uontod rolewr puodas Ay} Uy JESH
aPOYIIN S UT UOISSNISIP S, PAIJISA JO MIIA UI PI)EISIDAO
31q e swaas (¢ a8ed) ,aATeA a1y Jo sadejueape ) Ay
a10[dxa,, 10U pIp PAIBI 1Yl ‘I9AMOY “UONUIIUOD SIE]
‘sajou paddois AT[ny jo swra[qoid [edonsnode a3} pue SaARA JO
swa[qoid [eordofounoa) proae 03 snorxue AI9A sem PIIJIRN
yeyy uosouy IN YIm Aisrdwod saile | ‘puodag
*A3o10u9)
9y} pIemo} apnie snonned e AJAI9W jou ‘}09jJ9 [edls
-NUW PpUe U0 EUOIUT JTUOULIEYUD I0] UISDUOD B MOYS SUOTIE
-I9PISUOD 10g "dATeA 3} UBY) pueY 93 Aq 19139q PI[OIIU0D
aq ued sny} pue snopredaid st (daisyrey o119Ua8  'sA) auo0)
Surpear a3 Jo uoneUOIUT A} (g pue ‘O1U0} 33 Jo dxquun uado
ayy aziseydwsa 01 sd[ay auo1 Surpes| a3 uo punos pardAod
APYSI[S e (] :SUOTIRIIPISUOD JueAd[a1 ‘9[qissod 0m] 0} spea]
e s (£ 98ed “paijIalA]) 9[qeadnou sSa] STAIqUIN Ut d3ued
a} asnedaq A[Uo dfqeajard aq ued sadessed 19)j0s ur sajou
paddoss-Apy8iy 105 Sumdo yeyy s3sa83ns 1oy of (og 28ed
A[rewadsa pue g1 a3ed ‘apdurexs 10§ ‘99s) paradury aq pnoys
sajou paneyy ey Ing (paddoys-Apy3iy snyp) sauoy Surpesy se
Ppajeax) aq pnoys sajou padaeys ‘Terauald ur ‘Jey) poyaw 3y}
JO 9SINOD Y} UT ST [EISAIS SJLIISUOWIP OS[e pUk SALS L]
‘(f 98ed “paryRN) ,,9oURUIUNOD J19Y) dA13s31d , 01 paddoys
APy aq pnoys suonisod auor Gurpeay ur sdaisyrey (e ey
515933ns PaIJIaJA "UOTIEUOIUI PUE PUNOS Y30q 10] ‘sdaisjrey
jo sad4y juarayrp 10y jueyrodwr st Suiddoispuey pue
SUOTRUIqUIOD JATBA J0q JO 3sn 3y} 1elf} sAeS os[e 9y ‘droul
SI $S9] ‘A30[0UN]>3} JO SULId) Ul ‘}ey} AeS SI0p PIIJIdA S[IUM
-ann Apred Auo sdeyrad st Ajnzotzayur [esr3ojouyday 0}
anp sem s13 ey 3uray s,uosorrs I (01 9ed) Jjasiraarea
ay jo peassut sdaysyrey paddois-A3y31 Jo asn ayy Aq pasuap
-IA3 “UOSDLIY "IN 0} SUIPIODDE ‘DATeA |, IOLIdJUI,, ‘PUODIS A}
woIj AeMe SUOTIBUI[IUT UTE1I3D dABY O} PIUIIIS SIA[EA OM]
JO asn s, PaydIA eyt Ino sjutod wosouy I ISIn]
“IDUUBW PaULIOJUT-AJ[ed
-1x03sTy ue ur porrad s1ys jo ainjerayy wiroyrad oy axidse oym
systuroy 03 Sunsarayur Aqreradsa aaoid Kews jeyy ‘uoneu
-IWIexa 13S0 wolf urstre ‘s[reap diy1dads are axayy 4091100
A[[e1yuassa a1e SaNssI [BJISNW PUe [EDIUL[D3] SNOLILA UO SUOT}
-1s0d s, pagIA Jo suondudsap s,uosoury I ATYM (1661
“UOSIPRIA-UTSUODSIA JO AJISISATU() ,,‘@dUeI] ATNJUD)-1Uad)
-aurN] ur A808epa ] pue 9oUBULIONIS ] WIOH paas[eA A[req
pue suoysig v no anbyvwoiy?y 400 a1 inod apoyiaN S, PIIFIDIN
ydasof,) uoneyrassip juadar Aw jo 1a[qns ayy sem (s110d
-21 UOSOLIF I Se [H]T I0U QP8 woyj A[[enioe) suoisiJ v
no anbyypwiody?) 407 3] inod apoyza N dsoym “patro]N ydoaso[ 0y
preSarynm Apremonred “UOT)eDIJLIE[D SWIOS IAIISIP IO pIdU
sayew 9y sjurod awos purj | “I9AdMOY ‘D[dTiIe STy 03 asuods
-1 uy ‘saonpoead Surwrojrad uroy AImjusd-yjuLajeauru jo
BaIE 3Yj UL JUOP 3 0} SUTBWAI YIOM UdNW MOY Isn{ pajens
-uowap osye sey 3y nq ‘syusuodoid uroy paarea juerroduur
INoj Jo A9AINS [NJISN B SN USAI3 WOSOLIT "IN SeY ATUO JON]
((Z661) & 1PnUnY jv) ULOH) ,,MIIAISAQ UY :AINJUI)) YU}
-auIN] 93 ur sanbnuypa] Surnuioyisg sif pue UIOH dATEA
3], 9[O1MIE SIY 10 UOSOLIY WO [ 0} suoTje[njeIduo))

JONAANOdSTIIO0D



desire for valved horns, and the general orientation among
most horn players toward orchestral rather than solo per-
formance. Still, as Mr. Ericson points out, the color changes
of the natural horn were generally considered more expres-
sive in spite of the problems of projection and timbral
consistency.

In spite of his bias toward the valved instrument,
however, Meifred was an important figure in Paris horn
playing. As fourth horn and principal valve hornist in the
Opéra orchestra, he was in an important position for many
firsts: the premiere of Berlioz’s Symphonie Fantastique (1830)
and Jules Halévy’s La Juive (1835), the first full scale opera
atthe Paris opera to include valved horns. It isnot clear how
far beyond Paris his influence on horn-playing was felt, but
in Paris he was a prominent performer and teacher, as well
asadirector of military bands; he participated directly in the
conversion from woodwinds to valved brass instruments as
the foundation for French military band instrumentation. It
isironic that Meifred’s performance at the inaugural concert
of the Société des Concerts occured in the very same month
as].R.Lewy’s premiere of Schubert’s Auf dem Strom (March
9th/28th).Itis also interesting that an extended visit to Paris
by Richard Wagner coincided with the publication of
Meifred’s method. By the time he arrived in Paris, Wagner
was well underway with Rienzi, his first major work to use
valved horns. It is interesting to speculate, however, about
what Wagner heard at concerts at the Société and the
Conservatoire, especially a performance of Beethoven’s
Ninth Symphony Wagner refers to in his memoires, where
Meifred was the likely fourth hornist. So many things to
consider! So many things yet unknown! One thing rings
clear, however: knowledge of Joseph Meifred’s activities in
Parisis extremely important to the performance of pertinent
literature today. In spite of the relative infancy of the instru-
mentitself, mature decisions and considerations were made
regarding its contributions and potential.

Once again, congratulations to John Ericson for
opening the can of worms. It seems that, as the field of
historical performance moves to embrace the 19th century,
itisabout time for horn players to venture into this still very
grey area.

Sincerely,
Jeffrey L. Snedeker
Ellensburg, Washington

P.S. A survey of Meifred’s life and his Méthode appears in
the Fall, 1992, edition of the Historic Brass Society Journal.

Ericson responds:

The response by Dr. Jeffrey L. Snedeker to my
article, “The Valve Horn and Its Performing Techniques in
the Nineteenth Century: An Overview,” adds significant
information on the subject of Joseph Meifred. I congratulate
Dr. Snedeker for his recent dissertation, which contains the
first full English translation of the Méthode of Meifred, and
for his excellent article in The Historic Brass Society Journal.

His translation of the Méthode in particular will open this
important source to many, and was not available to me
during the preparation of my article. However, I do wish to
respond to a few issues.

A major point made by Dr. Snedeker is that it was
my contention that Meifred did not fully explore the advan-
tages of the valve. This was assuredly not my contention,
especially in light of what had just been presented in the
section on Meifred. WhatIwas trying to communicate in the
sentence in question was that, while from a modern per-
spective it might appear that Meifred did not fully explore
the advantages of the valve (especially because he retained
some hand-horn technique), he was a truly innovative
pathfinder on the new instrument in France; and through
his technical approach, Meifred was able to retain much of
the tonal character of the natural horn.

Among the performing options Dr. Snedeker points
to in the Méthode of Meifred is that of using the valves as
crooking devices. This is true, but only in a very restricted
sense. Meifred is primarily concerned with preserving the
proper relationships of open and half-stopped sounds in
new tonal areas. The valves are used as crooking devices
only in the sense that a short-term modulation is found in
the music to a key area that has many notes available using
one fingering, the “effective” key being those produced by
a crook and the “false” keys being those produced by the
valves (Meifred, pages 28, 47, and 70). There is no reference
made in the Méthode to using the valves to crook the instru-
ment into new keys for long-term use as a hand-horn; he
clearly did not see the valve horn as a type of omnitonic
horn. Furthermore, in the preface to the section on transpo-
sition, Meifred states in regard to orchestral playing that “It
will always be better, in the interest of execution, to use the
crook indicated by the Composer...” (Meifred, page 71,
trans. Dr. Snedeker).

AsDr.Snedeker noted, the valvehorn which Meifred
displayed at the 1827 exposition used crooks which were
inserted into the body of the instrument in the same manner
as the cor solo. This choice not only reflected the aspect of
valves being a serious, permanent addition to the horn, as
Dr. Snedeker stated, but also reflected two other important
issues of horn design.

The first issue is the physical stability of the instru-
ment. Terminal crooks wear and become loose in their fit.
According to natural horn maker Richard Seraphinoff, this
can happen within only ten years if a horn is subjected to
heavy or improper usage. The physical stability of the valve
sectionis also arelated problem; detachable valves werenot
attached solidly to the body of the instrument. The second
issue of horn design is a reduction of the differences be-
tween the playing qualities of the various crooks. Terminal
crooks required the use of a different leadpipe in each key,
and each crook, due to the inevitable small variations in the
rate of this critical taper, has slightly different playing
qualities, even if the crooks are very well matched. Internal
crooks, however, always used the same leadpipe in perfor-
mance, giving the instrument more nearly the same playing
qualities in every key. Taken together with the previously
noted addition of tuning slides to the valves, all of these
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aspects combined to make Meifred’s horn a very well-
designed instrument.

It is significant that Meifred twice mentions the
problem of air “répercussion” (resistance) when referring to
the valves in his Méthode (Meifred, pages i and 80), as well
as in his 1851 article, “Notice sur la fabrication des instru-
ments de musique en cuivre” (“Notice on the manufacture
of brass musical instruments”). Meifred states that resis-
tance of air is caused by the angles found in the tubing of the
valves; he further states that because of this, the valve horn
lacked some of the sonority of the natural horn, and, due to
their combined effect, the three-valve horn has a more
muted sonority than that of the two-valve horn (Meifred,
page 80). Meifred was not cautious with regard to technol-
ogy but rather very knowledgeable of its shortcomings at
that time, and he clearly applied his acoustical knowledge to
his technical approach to the valve horn.

During the preparation of my article I had the
opportunity to test at some length a two-valve Stolzel valve
instrumentby Guichard Breveté from the collection of Louis
Stout. As I'stated, when one makes valve changes, thereis a
subtle difference in the way the two valves interrupt the
airstream. While there were clearly other strong reasons to
continue to use some hand-horn technique on the valve
horn, it is interesting that Meifred’s suggested use of the
right hand also helped to minimize this acoustical defect in
a very musical manner.

Dr. Snedeker presents evidence that Meifred and
his Méthode were known outside of France. One important
additional source should be noted. A Grand Method for the
French Horn by “Meifred, Gallay, and Dauprat” was pub-
lished in London by J. R. Lafleur & Son sometime in the
second half of the nineteenth century. Although the text was
freely translated from all three sources and combined by an
unknown editor, this method presented the technical ideas
and exercises of Meifred in an abridged but understandable
form to English-speaking horn players.

Finally, please note one minor correction to my
article. Henri Kling’s work on orchestration was originally
published under the title Populire Instrumentationslehre in
1882 by Louis Oertel in Hannover. The date of 1902 given in
my article was the date of the first edition of the English
translation.

Thank you for giving me the opportunity to re-
spond to Dr. Snedeker’s thoughtful and insightful letter. I
congratulate Dr. Snedeker again on the significant contribu-
tion he has made toward the modern study of the use and
technique of the valve horn in the nineteenth century. We
have only scratched the surface of this fascinating and broad
topic.

Sincerely,
John Q. Ericson
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Honorary Members:

Hermann Baumann, Germany
Bernhard Bruechle, Germany
Domenico Ceccarossi, Italy
Kaoru Chiba, Japan

Peter Damm, Germany
Holger Fransman, Finland
Kurt Janetsky, Germany
Mason Jones, USA

Edmond Leloir, Switzerland
Harold Meek, USA

William C. Robinson, USA
Lucien Thevet, France

Barry Tuckwell, Australia

Deceased Honorary Members:

John Barrows, USA

Vitali Bujanovsky, Russia
James Chambers, USA

Alan Civil, England

Philip F. Farkas, USA

Carl Geyer, USA

Max Hess, USA

Herbert Holtz, USA

Anton Horner, USA

Fritz Huth, Germany

Antonio lervolino, Argentina
Ingbert Michelsen, Denmark
Richard Moore, USA

Reginald Morley-Pegge, England
Wilhelm Lanzky-Otto, Sweden
Max Pottag, USA

Lorenzo Sansone, USA

James Stagliano, USA

Willem A. Valkenier, USA
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