





























































































































































































































































































































































































































































































































if the appearance and acting ability of the singers permit such shots, thev

must be limited to times when the performers do not labour under a great
strain while singing. But as a rule precisely those times mark a dmm’ltu
climax; and to refrain from giving them optical emphasis seems nonsens-
jcal. Finally, close-ups require ample rehearsal for the camera crew; there
will seldom be time and room for this in the theatre. So even in favourable
circumstances a telecast of an opera will remain a compromise from the
optical standpoint — a compromise in which the live broadcast, the feeling

of “being there” at an important performance must compensate for the

technical and artistic defects in the reproduction of the picture.

5,

So the production of opera on television is banned to the studjo. If the
usual arrangement of stage and orchestra is retained, their unsolved pro-
blems also remain. The first step towards true televised opera will there-
fore consist in separating the orchestra spitnlly from the stage; this raises
the new question of the acoustic unity of action and music and how it

can be maintained. In America, the orchestra is placed in its own music
studio and the sound is transmitted to the acting studio by loudspeaker;
the conductor is equipped with earphones which permit him to hear the
singing in the acting studio, and the singers have their own assistant con-
ductor assigned to them. The orchestra conductor can watch the scene on
a television receiver. By blending the output from the microphones on the
set, in the acting studio, and in the music studio, it is possible to produce
faultless sound. In principle, it is also possible to record the orchestral part
on tape and have the performers sing to this tape. This saves rehearsals and
space for the orchestra. This entire process, however, gives satisfactory
results only if the singers perform on a sort of unraised stage whose acoustic
features are based on theatre experience. A television studio filled in the
usual manner with scenery produces sound that lacks lustre and fullness
and is also almost impossible to sing in. The arrangement of the scenery
and set, and the placing of the performers and cameras in accordance with
the producer’s wishes render musical direction by the conductor more diffi-
cult. In this type of production, therefore, cptical powibilitit" must be

restricted to the simplest of perspectives. As far as the singing and acting

abilities of singers are concerned, there now exist companies in the United
States which devote themselves exclusively to television; this solution of
course is only feasible in a big country with an almost inexhaustible reserve
of talent. Even then the difficulty remains that hardly any singer is capable,
while singing, of acting as well as the camera demands, so that close-ups
have an almost unaesthetic effect; so even in America they are a rare
exception.
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6.

The second step towards televised opera takes advantage of motion
picture experience. Since it is impossible to produce simultaneously a pic-
ture that exhausts every optical possibility and perfect sound, the two
processes must be separated. First, a sound tape is made under optimum
conditions, and this sound is transmitted into the studio during rehearsals
and the actual broadcast, while the singers synchronize their own parts.
That is to say, they sing, but the acting takes precedence. Only the acting
is transmitted directly from the studio, and the singing indirectly from
the tape of the sound recording. This sound recording with the performers’
own voices also replaces the conductor; just individual, particularly difti-
cult cues can still be given by an assistant. In this way the production, acting
and camera positions are given that freedom from restriction which alone
makes both good acting and good music possible. And the results achieved
by this playback method are perfectly satisfactory too, provided a cast
can be found whose appearance and acting ability fulfil all requirements,
including those of the spoken dialogue. This will be possible only on rare
occasions and primarily in small operas; only in exceptional cases will
it be possible to achieve better than average acting performances before
the television camera, for it would be demanding too much of singers to
require more of them in this respect than the theatre does. But television
does demand more. And not merely of one or two performers, but of the
entire ensemble. To be independent of all contingencies in the matter of
casting, to present acting that will stand up under the merciless, close
scrutiny of the camera, to attain good dialogue, to lend the opera dramatic
expression, it is necessary to carry the process through to its logical end
and to have actors double for the singers.

Zs

With this method also, a sound recording is first made and played back
into the studio during the rehearsals and the broadcast. The opera is played
by actors who have studied the relative song parts thoroughly and really
sing, even though almost soundlessly, in synchronism with the singers in
the sound recording. They must therefore have a sufficient gift for music
and have received training at least in the fundamentals of singing to be
able to do this. In this way the unrestricted art of the actor who fits the
part in every respect, including appearance, is placed at the service of opera.
Here, again, the sound recording of song and orchestra is transmitted from
tape, while the picture and spoken dialogue is a live broadcast from
the studio. The synchronised opera thus broadcast to the viewer and
listener before the television screen is therefore an artifical, synthetic
product of modern techniques. But it fulfils its purpose, provided it is
properly applied.
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8.

The playbadk procedure and synchronisation still present a number of
problems of a technical nature. I should like to discuss one of them here
— the relationship between picture and sound. It is unsatisfactory when
in close-ups and long range shots the volume and the relation between the
singing voice and the orchestra remain unchanged. A similar difficulty is
encountered in broadcasting concerts with orchestra and soloists, for
example in an oratorio. A person attending a concert unconsciously hears
selectively, his attention being directed by his eyes; the radio listener, on
the other hand, hears the sumtotal of the sound, which threatens to drown
out the soloists. The expedient used in such cases is to set up at least one
microphone for the soloists and another sufficiently far away for cap-
turing the general impression, and the two are then blended on the basis
of the score and subjective impressions. To obtain a faultless sound recording
of an opera, it is first necessary to conduct from a score on which a more
or less detailed conception of the production has been noted. Over and
above this, it is advisable to record the sound, preferably on two tracks of
the same tape, from two microphones — one for the soloists and one for
the general sound. During the broadcast, the two tracks can be mixed in
proper proportion and the volume controlled, all to the producer’s in-
structions and the scene’s requirements. In doing so, however, care must be
taken to ensure that the singing overrides the music to a proper degree, but
also that the orchestral part does not deteriorate into mere background
music. By this means, incidentally, is would be possible to use weaker, but
possibly more beautiful and musical voices.

9

As regards the artistic problems of televised opera and the technique of
its production, I could restrict myself to saying that, under the conditions
at present prevailing almost always and almost everywhere in Europe,
large-scale televised operas can only be successfully produced by the syn-
chronisation method. But as I feel that this is considerably more than a
temporary expedient, I should like to comment briefly on the above-
mentioned objections.

It has been said that the connoisseur quickly observes the synthesis of
picture and voice, even if the synchronisation is good, and that it.«;ﬁlsturb\‘
him. Now, televised opera is not shown for opera addicts or critics any
more than a synchronised film is exhibited for the members of film clubs.
Nor can the original ever be set up against the reproduction; only the
devil’s own reproduction could ever attain the rank of its original. 1f,
however, it proves impossible to win the appreciation of a frie opera
lover for the synchronised opera also (naturally, as a reproduction), then
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cither the latter is badly produced or the former is blind to the functions
and potentialities of television.

It has also been said that the method is less synthetic than schizoid. The
performer should be one individual, the voice belongs to its own body.
It is argued that synchronised opera is not art and is accelerating a process
of degeneration which is characteristic of our entire modern life and should
be resisted by art. I confess I have a better opinion of mankind than to
believe that any form of opera could bring it into jeopardy. The synthesis
which is found objectionable is an inevitable consequence of the fact that
the singer is a highly trained specialist of whom the acting performance
that must be demanded here cannot be expected. What art is, however, is
never decided a priori, but always a posteriori et a posterioribus.  The
“artificial” element of the method is not contested — but there is something
of the “artificial” in every art, just as every “art’ has a “technique”. Finally,
it should not be forgotten that every opera is a play; that excludes the
arguments of those sticklers for principles, for they would destroy not only
televised opera, but opera altogether.

We have been accused of sacrificing a long-sanctioned form of art, that
has developed over centuries, to technical perfectionism. But technical per-
fection is precisely what this is not — rather is it artistic perfection. Both
art and acting demand the highest attainable degree of perfection. Unfor-
tunately, as far as televised opera in our day and age is concerned, we
can come closer to it only by way of the synchronized opera.

The loss of the broad stage, the colour and all that makes the opera a
social event is regretted. Naturally. But it must be pointed out that it is
the music which gives opera its essential character and value. Nevertheless.
it demands a visual impression; to this extent opera by radio is a surrogate.
But precisely through its music the opera can be made visible in many
different ways, including those of television, and with the aid of synchro-
nisation. Here the stage, colour, the tableau and the dance are replaced by
cuts and fade-ins, close-ups and long shots, space which expands from the
detail outwards and, above all, the art of the actor. As regards the social
side of the opera, however, it should be unnecessary to point out that the
opera house remains open to all who prefer the original to the reproduc-
tion and are in a position to attend opera. By far the greater part of
the television audience, however, consists of people who have never seen
an opera and are hardly in a position to attend one, whatever the reason
may be. Are there any reasonable grounds for keeping the opera from
viewers sitting in front of their television stets within the family circle?

10.
When art is at stake, the decisive question is always an artistic one. That
question in this case is: Is television nothing more than a medium of com-
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munication and reproduction, or does it demand a new creation, a being
born again, of the traditions to spread which is its duty? In other words:
does television give rise to a new style that is peculiar to it, similar to the
new style that a new construction material brings to life? I believe it does.
But that is not all. Experience has shown that television can reveal details
of drama — especially music drama — which remain hidden on the stage.
By reason of the fact that close-ups are possible and that the effort to make
everything visible and audible right back to the hindmost rows of the
theatre is rendered superfluous, not only the texr, but also the music can
be interpreted and played in a manner equally impressive and finely shaded.
Only those who have seen without prejudice how Mozart can transform
an actor and at the same time be transformed into dramatic expression and
motion can fully understand this.

These remarks should not be concluded, however, without stating that
we do now more or less have a command over the technique of television, but
are only just beginning to create a style of our own. New experiments are
necessary and we shall not be spared reverses. It is my personal opinion
that the development of that style will lead us away from the naturalism
of on-the-spot commentary and of the stage setting to an eminently
simple presentation of essentials. The scenery will be restricted to mere
suggestion, the furnishings replaced by a few selected items, the technical
interplay of cuts and fade-ins will become less obtrusive. The production
will rely on word, music and gesture; the acting will be free in every way,
free also of outmoded convention. Opera’s main trouble is the conventions
of production. The imperishable heritage and the great value of tradition,
to which television must also do justice, lies in the music.
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Die Innenstimmung von Musikinstrumenten
Il
DIE KLARINETTE
von

R. W. YOUNG und J. C. WEBSTER

Bemerkt ein Klarinettist, dafl sein Instrument nicht mit der Klanghohe
von Klavier, Orchester oder Kammerensemble tibereinstimmt, so kann er
nur wenig tun, um Abhilfe zu schaffen. Ist der Ton zu tief, so kann er die
Schallrohre verkiirzen, ist er zu hoch, so kann er sie minimal am Ende ver-
lingern. Doch wird das Resultat niemals ganz befriedigend sein.

Ferner kann sich das Problem komplizieren durch das Ansteigen der Ton-
hohe, welches jede wachsende Saalwidrme begleitet. Wie bei anderen Holz-
blasinstrumenten gebraucht der Spieler fiir manche Noten der Klarinette
die gleichen Griffe, (d. h., die eine bestimmte Lochfolge schliefen) mit dem
Unterschied, daf er die héhere von 2 Noten durch das Offnen eines kleinen
Hilfsloches unterstiitzt. Das Intervall dieser ,iiberblasenen® Noten betrigt
auf der Klarinette eine Duodezime (was dem dritten Oberton entspricht).
Doch wird dieses Intervall fiir einige Noten gewohnlich etwas grofier, bei
anderen etwas kleiner. Es geht also nicht ohne Kompromisse ab: in dem
einen Fall muf} schon die Grundnote tiefer, in dem anderen hoher abge-
stimmt werden.

Fiir die Klarinette wurde die gleiche Methode angewendet wie sie in den
fritheren beiden Artikeln, Flote und Oboe betreffend, hier beschrieben war,
d. h. es wurde jeder Ton in der chromatischen Folge aufwirts gespielt und
zugleich die Abweichung von der temperierten Stimmung (um Cents zu
hoch oder zu tief) mit dem Stroboconn gemessen. Die erwihnten Artikel
enthalten eine genaue Angabe iiber die dabei gebrauchte Methode.!

Figur 1 zeigt Resultate dieser Untersuchungen fiir die Klarinette bei Zim-
mertemperaturen von 20 und 310 C und bei zwei verschiedenen Schall-
rohrenlingen. So war f* mit einer Schallrghrenlinge von 64 mm bei 310 C
um 22 Cents hoher als derselbe Ton der gleichtemperierten Skala (a!
440 Hz). Selbstverstindlich handelte es sich in Wirklichkeit hier um ein
klingendes es?, da eine B-Klarinette benutzt wurde.

Manche Noten kénnen auf mehrere Weisen, d. h. mit verschiedenen Griffen
gespielt werden. Unsere Figur 1 bringt indes nur jenen Griff, den der
Spieler wihlte, wenn er geniigend Zeit hatte, einen Griff auszuwihlen,
den er vorzog.

I ROBERT W. YOUNG, Gravesaner Blitter 7/8, 87—91 und 9, 111—119 (1957).
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Der Einfluff der Temperatur.

Betrachten wir zuerst die mit 64 mm Réhrenlinge gemachten Teste, Wir
sechen, dafl bei 310 C alle Noten um denselben Wert héher sind, als die
ithnen entsprechenden bei 20° C; die Réhrenlinge war aber in beiden
[Fillen die gleiche. Linige Abweichungen betrugen 4 Cents, wihrend andere
bis zu 17 Cents gingen. Doch scheinen die gleichen geringen resp. grofien
Unterschiede gleichermaflen iiber den ganzen Spiclumfang ausgedehnt zu
sein. Der mittlere Unterschied betrug 10 Cents.  So ist man berechtigt,
diesen Betrag ecinzusetzen, um die Wirkung bei anderen Temperaturen
festzustellen. Der Durchschnitts-Temperaturkoeffizient ist dann 0,9 Cent/e C.

Man soll erwarten, dafl die Temperatur bei mit der ganzen Linge des
Instrumentes gespielten Noten eine groflere Wirkung haben konnte, da in
diesem Fall groflere Gelegenheit fiir den Atem beim Durchlaufen des Instru-
mentes besteht, sich abzukiihlen. Hier hat auch die Auflenluft Chance ecin-
zuwirken, indem sie im Schalltrichter zirkuliert. Tatsichlich erhohten sich
¢? und h* um 17 Cents beim Anwachsen der Temperatur von 200 auf 310 C
(statt um nur 10 Cent). Der Coeffizient betrigt infolgedessen fiir beide
Noten 1,5 Cent/e C.

Um die Klarinette anzuwirmen, spielt man gewohnlich vor dem Konzert
Tonfolgen iiber den ganzen Tonumfang des Instrumentes hinweg. Diese
Methode ist ebenso wertvoll fiir die Technik, als sie Gewiflheit dariiber gibt,
ob alle Klappen in Ordnung sind. Indessen wurde festgestellt, dafl sie nicht
das beste Mittel ist, um den unteren Teil des Instrumentes zu einem tem-
peraturmifig richtigen Gleichgewicht zu bringen: weit bessere Hilfe ergab
einfach Luft durch das ganze Instrument geblasen, mit allen Lochern ge-
schlossen dabei. Bei einer Temperatur von 200 C erhsht das iibliche Ab-
blasen des ganzen Instrumentumfangs die Temperatur meistens um 7 Cent.

Diese Angaben betreffen eine Klarinette aus Granadilla-Holz. Man

kann annehmen, daf eine Metallklarinette dem Wechsel der Raumtempera-
tur mehr ausgesetzt ist als jene.

Die Linge der Klangrdhren.

Ein besonderer Grund fiir die Wahl des untersuchten Instrumentes be-
stand darin, daf der leitende Kapellmeister beanstandet hatte, es wire zu
tief. Seine Linge wurde deshalb auf 64 mm reduziert. In diesem Zustande
wurden die Testresultate der Figur 1 erzielt (die Linien geben die allge-
meine Tendenz der Stimmung an).

Die Teste zeigen eindeutig Verstimmungen aus der Verkiirzung ficr
Schallrshre. Tone wie g, die durch eine kurze Luftsiule produziert sind
(also bei dem Mundstiick erklingen), werden iibertrieben hoch, wihrend
solche nahe f* oder g” relativ fallen. )

Aus diesem Grunde wurde die Schallrohre um 4 mm ausgezogen und in
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die so gebildete Hohlung Kitt gefiigt, um sie gewissermaflen wieder auszu-
dehnen auf 68 mm. Dabei betrug die Temperatur 240, Temperatur-
korrekturen wurden mittels der oben erwihnten Koeffizienten vor-
genommen. Die Anderungen der Stimmung, welche die Zurtickfithrung der
Rohrenlinge von 68 mm auf 64 mm begleiten, sind durch die offenen Kreise
von Figur 2 angegeben. So erwies sich /2 um 11 Cent hoher bei 64 mm
Réhrenlinge als bei 68. Dabei ist besonders zu bemerken, dafl die Verinde-
rung bei der dem Mundstiick nahen Note a' fast 3 mal so grofl war, als
die bei der Schalltrichternote ¢®.

Die Réhrenlinge wurde endlich bis auf 71,5 mm gedehnt. Die sich da-
nach ergebenden Verdnderungen wurden durch die ausgefiillten Kreise
(Figur 2) dargestellt. Da dieser Test bei der gleichen Temperatur (240) aus-
gefithrt wurde, waren keine Temperaturkorrekturen notwendig,.

Die beobachteten Verinderungen in der Stimmung der Clarinette werden
recht gut durch die Linien der Figur wiedergegeben, welche aus

s
D 2,6 6L - 2w
berechnet wurden. D ist hier die Differenz in Cents zur Stimmung mit
dem 68 mm-Rohr, 0L die Anderung der Linge in mm, S endlich gibt die
Zahl der Halbtone iiber ¢® resp. h' aufwirts an. In runden Zahlen: cine
Verinderung um 4 mm der Réhrenlinge verindert die Trichtertone ¢
und A* um 10 Cent, und die eine Oktave hoheren Tone e!' und b5 um
20 Cent.  Kein Zweifel, dafl eine Klarinette nur gut stimmt bei feststechen-
der Schallrshrenlinge.

Kehren wir zu Figur 1 zuriick. Die linken Kurven geben die Tendenz bei
einer Rohrenlinge von 68 mm und einer Zimmertemperatur von 200 an.
Wir konnen sehen, wie hier das Loch in der Stimmung zwischen ais' und
h' durch die Vergrofierung der Réhrenlinge vermindert worden ist. Diese
Klarinette wiirde sogar noch besser mit sich selbst iibereinstimmen, wenn
die Rohrenlinge 70 mm wiire (das ist die Linge, die das Instrument ur-
spriinglich gehabt hat). Auf der vertikalen Linie liegende Punkte der Figur
wurden genaue gleichtemperierte Werte angegeben. Die Versetzung in die
Horizontale von dieser Vertikalen der 0 Cent seitwiirts gibt die Abweichung
von a 440 Hz an.

Man kann kaum begreifen, wieso diese Klarinette jemals als zu tief ge-
stimmt bezeichnet werden konnte, um so mehr als die Riume in den USA
gewohnlich weit wiarmer als 20 Grad Celsius sind (68 Grad Fahrenheit).
Ihr Besitzer — der selbst fiir unseren Test spielte gebraucht das Instru-
ment seit 20 Jahren und kennt es durch und durch. Wahrscheinlich wird
das Orchester, in dem er spielt, nach einem weit hoheren a' einstimmen,
als das Normal a' von 440 Hz ist.

Stauffer® meint, Klarinetten miiflten ihrer physikalischen Begrenztheit
wegen hoher gestimmt sein. Von durchschnittlich 10 in USA gebrauchten
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Klarinetten stellt er fest, dal alle Noten fast um 30 Cents hoher waren,
als es der Norm entspricht, wihrend die anderene Instrumente der Kapellen
die Nullabweichung fiir a' 440 Cents kaum iiberschritten. Viel hingt selbst-
verstindlich davon ab, ob ein Instrument solistisch spielend oder im Orche-
sterraum testiert wird. Dennoch ist es kaum méglich, fast alle Tone durch
Verminderung der Lippenspannung um 30 oder 20 Cents zu senken. Stauf-
fer? driickt das so aus: ,, Vielleicht bewirkt die Abwesenheit der tiefen ersten
gradzahligen Harmonischen einen scheinbar tieferen Klangeindruck als er
es wirklich ist. Vielleicht treibt der Klarinettist dadurch natiirlicherweise
seinen hohlen vibratolosen Ton nach oben, um psychologisch einen dhn-
lichen Glanz zu erzielen, wie er dem warmen pulsierenden Klang der Flo-
ten und Oboen zu eigen ist.“ Natiirlich scheint diese psychologische Fr-
klirung weit hergeholt. Vielleicht konnte ein Testversuch unter besonders
kontrollierten Bedingungen aber auch dariiber Klarheit schaffen.

Diskussion.

Es ist wichtig zu beronen, dafl diese Teste nur Andeutungen dessen sind,
was ganz allgemein fiir die Klarinette Geltung hat. Als das gleiche Instru-
ment bei anderen Gelegenheiten zu Testen benutzt wurde, erhielt man an-
dere Details. Dennoch sind die allgemeinen, in unseren Figuren wicder-
gegebenen Tendenzen fiir die Mehrzahl der Klarinetten typisch.

Einige Noten der Klarinetten stimmen ganz allgemein besser tiberein als
andere. Eine Folge von 10 Testen fiir die gleiche Klarinette (nicht die
unsrige) ergab als Standard Abweichung fiir ' nur 2,2 Cent, fiir b° je-
doch 4,2. Die typische Standard Abweichung fiir das Instrument war
4,2 Cent. Das bedeutet grob gesprochen, dafl im Durchschnitt zwei Drittel
der 10 individuellen Messungen jeder Note auf + 4 Cents des gegebenen
Durchschnitts entfallen. Die mittels einer langen Luftsiule erzeugten Noten
sind iibereinstimmender als jene mit einer kurzen hervorgebrachten.

Zufillige Anderungen in der Klappenanpassung konnen die Stimmung
betrichtlich verindern. Bei den in Figur 1 aufgezeichneten Testen wurden
cinige Noten gefunden, die weit auflerhalb der miglichen Abweichung
lagen. So lag z. B. cis' im Vergleich zu naheliegenden anderen Tonen unver-
hiltnismifig tief. Nun ist dies aber ein beim Mundstiick gegriffener Ton
und das Hilfsloch dafiir wird ausschlieRlich fiir diesen Ton gebraucht (es
konnte — wenn notig — noch erweitert werden). Da zeigte sich, dafd der
Kork unter der Klappe so dick war, daff die Polsterung sich hdchstens
mehr um 0,8 mm iiber das Tonloch erhob. Nachdem der Kork so gcsﬁubcrt
worden war, daf das Loch beim Klappengebrauch wieder bis auf 1,5 mm
frei wurde, erhohte die Stimmung sich sofort um 8 Cent.

2 DONALi) W. STAUFFER, Intonation Deficiencies of Wind Instruments in
Ensemble, Dissertation. The Catholic University of America Press, Washington,
D. C., 1954, Seite 161.
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Andere Messungen ergaben sowohl cis? als cis® — beide mit dem glei-
chen Hilfsloch erzeugt — als ,tief“ im Verhidltnis zu den Nachbarnoten
Die hier gebrauchte Klarinette war ein Instrument mit 17 Klappen und
7 Ringen. In dem Loch war soviel Korkenschmutz, dafl der Durchmesser
um 2 mm verringert schien. Nach der Sduberung stieg die Stimmung beider
Tone wieder um 10 Cent.

Bei fritheren Testen hatte man gefunden, dafl das hohe dis® (auf die
{ibliche Weise gegriffen) sehr niedrig war: nimlich mit dem 2. Finger der
rechten, dem Daumen und 2. und 3. Finger der linken Hand. Dagegen
wurde es sofort um 25 Cents hoher, wenn der Daumen das Tonloch frei-
gab und nur dazu diente, die Hilfsklappe offen zu halten. Diese Griffart
wurde bei Figur 1 zur Anwendung gebracht.

Bei allen Bohmklarinetten kann man 3 verschiedene Griffe fiir es' und
b* andwenden. Bei der Figur 1 wurden der Daumen und zwei Finger der
linken Hand, sowie die Seitenkiappe gebraucht. Indessen erhielt man das
gleiche Resultat, wenn die obere Klappe gegen die seitliche ausgewechselt
wurde. Eine dritte Moglichkeit ist, diese Tone mit den Indexfingern bei-
der Hinde zu greifen. Das so gespielte b° entspricht ungefihr dem der
ersten beiden Griffe, wihrend es' zu hoch wird. Das Intervall zwischen
den beiden Tonen ist um ungefihr 13 Cents zu klein. Bei dem erwihnten
18—7 Modell kann es' und b° noch anders ausgefiihrt werden: nimlich
mittels des ersten und dritten Fingers der Linken. Bei dieser Klarinetie
ist die Stimmung von b® wiederum die gleiche als bei den anderen Grif-
fen, das es* aber wird merkbar hoch und das Intervall zwischen beiden
Noten ist um 12 Cents zu klein. Diese Messungen stimmen iiberein mit dem,
was jeder gute Klarinettist weifl: nie die Gabelgriffe zu gebrauchen (1 -+ 3
oder 1 + 4), auller bei technisch schweren Passagen, und zwar im beson-
deren nicht fiir es'.

Aus Figur 1 erhellt, dafl im Clarinoregister (b* bis ¢%) eine — verhilt-
nismiflig kleine — Tendenz zur Erhohung besteht, wenn die Skala auf-
wiirts gespielt wird. Aber auch das Chalumeauregister weist eine allgemeine
Tendenz steigender TonhShe auf (e* bis e'). Am hervorstechendsten ist
indessen das extreme Hoherwerden der Mitte dieses Registers (in der Nach-
barschaft von ¢'). Die Tone dariiber und darunter beiderseits sind relativ
tief. Diese Charakteristik, die mit dem Gebrauch nur eines Luftloches fiir
das Clarinoregister zusammenhingt, wird dadurch hervorgerufen, daf die
Intervalle zwischen dem Clarino- und Chalumeauregister etwas grofier und
kleiner sind als eine Duodezime. So zeigt z. B. Figur 1, daf} das Intervall
h? — > durchschnittlich um 15 Cents zu klein ist.

Schlufl.

Teste mit einer Holzklarinette zwischen 20 und 31¢ C beweisen, daf durch-
schnittlich die Stimmung jedes Tons ungefihr 0,9 Cents/© C ansteigt. Eine
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Verinderung der Rohrlinge verdndert die Stimmung der beim Mundstiick
gegriffenen Tonen um fast 3 mal mehr als die der Trichterténen. Die letz-
teren werden bei Zunahme der Rohrenlinge um 1 mm jeweils 2,6 Cent
tiefer. Zufillige Abidnderungen wie die Verschmutzung der Tonldcher
konnen die Stimmung ebenfalls beeintrichtigen. Fine allgemeine Tendenz
hoher Tone ist die, hther zu werden. Eine charakteristische Tendenz zur
Erhhung besteht auch in der Mitte des Chalumeauregisters, bedingt durch
den Gebrauch nur einer Registerklappe fiir das ganze Clarinoregister.
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Abb. 1
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Die innere Stimmung einer Bohm-Klarinette von a! = 440 Hz bei zwei
verschiedenen Temperaturen und mit zwei  verschiedenen Lingen der
Klangrohre (die Abweichungen in Cents angegeben). Die angegebenen
Tonhihen gelten fiir B-Klarinette, klingen also 2 Halbtone tiefer, als sie
geschriecben sind.

Hersteller und Serie: Selmer, No. 6 1. 3887 (?)

Mundstiick: Woodwind B *

Spieler: J. C. Webster

Datum: August 1957

Messungen fiir jeden gegebenen Fall: 3.

Tuning of a Bochm clarinet shown as deviations in cents from the equally
tempered scale based on the A of 440 cycles per second, for two room
temperatures and two lengths of barrel; the notes are indicated as they are
written for this Bb instrument - the actual sound is two semitones lower.
Maker and Serial: Selmer, No. L 3887 (?)

Mouthpiece: Woodwind B 6 *

Player: J. C. Webster

Dates: August 1957.

Number of measurements for each condition: 3.
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Abb. 2 Die relativen Stimmungsinderungen ciner Klarinette beim Gebrauch von
71,5 mm und 64 mm langen Klangrohren, statt dem von eciner 68 mm

langen.

Fig. 2 Relative change in tuning of a clarinet resulting from use of barrels
71.5 and 64 mm long respectively, in place of a barrel 68 mm long.
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The Tuning of Musical Instruments
The Clarinet
by
R. W. YOUNG and J. C. WEBSTER

If a clarinet player finds he is not in tune with the piano, orchestra

r band with which he is playing there is little he can do to lcmuiy the
situation short of making changes in the clarinet. If the clarinet is flat
he may have the barrel cut off; if the clarinet is sharp he can lengthen it
slightly, usm]ly at the bottom end of the barrel; as demonstrated below,
the result in either case is not likely to be very satisfactory. The rise in
tuning that accompanies a rise in temperature may further complicate the
player’s problems. In common with other woodwind instruments, more
than one note is played with the same fingering (that is, with a given sc-
quence of holes closed) except that the higher note may be assisted by
opening, in addition, a small register hole. On the clarinet the interval
between these notes is a twelfth (frequency ratio nominally three) but in
actual fact the interval is usually a little longer than this for some pairs
of notes and a little shorter for other pairs. Consequently there must be a
compromise: one note of the pair may be tuned a little sharp and the other
a little flat.

To obtain evidence on these tuning problems a clarinet was tested
the same manner as described for flute and oboe in previous articles!
of this series. That is, each note was played in chromatic, order while the
amount of deviation, in cents sharp or flat, was measured by a Strobocon.
See the articles cited for a detailed description of the test method.

Figure 1 gives the results of tests on the clarinet for room temperatures
200 and 310 C (68° and 88°T) and two barrel lengths. For example, with
the barrel 64 mm long the note f* tested when the room temperature was
310 C was found to be 22 cents sharp, in comparison with the equally temp-
ered scale based on the A of 440 cycles per second. Of course, the actual
sound was eb? because this is a Bb clarinet.

Some notes can be fingered in two or more ways; in general the graph
depicts only the tuning of the one that is preferred when the player has
ample time to select which fingering to use.

Influence of Temperature

Consider first the tests made when the length of the barrel was 64 mm.
Notice that at 31°C all notes are sharper by rouglhy the same amount, in

I ROBERT W. YOUNG, Gravesaner Blitter 7/8, 87—91 and 9, 111—119 (1957).
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comparison with the test at 20°C and the same barrel length. Tt is true
that some differences were as small as 4 cents and others as great as 17 cents,
but small and large differences seemed to be scattered throuhout the playing
range. On the average, however, the difference was 10 cents and it is
convenient to have this single value for estimating the effect at some other
temperature. The average temperature coeffizient is thus 0.9 cent/°C
(0.5 cent/°F).

One would expect that temperature would have a greater effect on notes
that are played with the entire length of the instrument because there is
more opportunity for the breath to cool off as it passes trough the instru-
ment. Also the outside air has a chance to circulate in the bell. There is
indeed a slight effect of this kind: the notes ¢* and &' were sharpened
17 cents by the increase in temperature from 20° to 31°C in comparison
with the average of only 10 cents. For these two notes, therefore, the coeffi-
cient 1.5 cents/°C (0.9 cent/°F) is appropriate.

In warming a clarinet before performance it is common to play some
picce that extends over the entire range of the instrument. Such practice
is good for the general technique of the player and insures that the indi-
vidual keys are working properly. It was noticed during the progress of
these tests, however, that it is not the most effective means of bringing the
lower part of the instrument to equilibrium playing temperature: for this
purpose it was found to be better simply to blow air through with all holes
closed. When the air temperature was 20°C the tuning of /* on this clarinet
rose 7 cents before equilibrium was established.

The foregoing remarks apply to a clarinet made of granadilla wood.

One would expect a metal clarinet to be more subject to changes of room
temperature.

Barrel Length

One reason this clarinet was selected for special study was that a com-
plaint had been made by the conductor of the orchestra, in which the
clarinet was being used, that the instrument was flat. In due course the
length of the barrel was reduced to 64 mm and it was in this condition that
the test results were obtained represented by the triangles and squares in
Fig. 1. Lines have been drawn in to suggest the general trends of the tuning.

The tests clearly reveal the mistuning that results from using a barrel
that is too short. Tones such as g* produced by a short air column (that is,
the throat notes) are excessively sharp, whereas those tones in the vi-
cinity of f* or ¢® are left relatively flat.

In view of this evidence, the barrel was pulled out a distance of 4 mm
and the resulting cavity was filled with putty to simulate the effect Qf a
barrel 68 mm long. The air temperature was 24°C for this test; corrections
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for temperature were made using the coefficients mentioned abouve. The
changes of tuning that could be ascribed to a change in barrel length from
68 to 64 mm are those shown by the open circles in Fig. 2. For example,
the note f* was 11 cents sharper with the 64-mm barrel than it was with
the 68-mm barrel. Notice how the change is almost three times as great
for the throat note a' as for the bell note ¢*.

The barrel was extended still further to simulate a total length of 71.5 mm,
the gap inside again being filled with putty. The resulting changes in tuning
are represented by the solid circles in Fig. 2. This test was also made at
240C 50 no temperature adjustment was necessary.

The observed shifts in tuning fit reasonably well the lines drawn in the
figure, computed from

5

D =260dL2%
where D is the difference in cents from the tuning for the 68-mm barrel,
oL is the change in length in mm, and § is the number of semitones count-
ed up from e* or b' respectively. In round numbers, a change of 4 mm
in barrel length canges the bell notes ¢' and b* by 10 cents and the
notes an octave higher (¢! and 0% respectively) are changed by 20 cents.
It is evident that a clarinet is best in tune for only one particular barrel
length.

Return now to Fig. 1 where the left-hand curves show the tuning trend
for the barrel 68 mm long and a room temperature of 20°C. Notice how
the gap in tuning between a4' and &' has been reduced by increasing the
length of the barrel from 64 mm; indeed, the clarinet would be still better
in tune with itself if the barrel were 70 mm long (about the lengh origin-
ally supplied by the maker). Remember that points lying on a vertical
line in this kind of plot represent exact equal temperament; the horizontal
displacement of this vertical line from 0 cent represents departure from
the A of 440 cycles per second.

It is difficult to understand why this clarinet was ever accused of being
flat, particularly since rooms in the United States are likely to be con-
siderably warmer than 20°C (68°F). The owner (who played for this
test) has used the clarinet for some 20 years and is thoroughly acquainted
with it. One suspects that the orchestra in which it is used is playing to
an A higher than the international standard.

A suggestion why clarinets need to be sharp, as measured physically, was
put forward by Stauffer. He found from the average of 10 clarinets used
in the U. S. Navy Band that all notes typically were more than 30 cents
sharp, whereas most of the other instruments in the Band did not depart
greatly from the 0 deviation corresponding to the A of 440 cycles per
secound. The question, of course, arises whether a clarinet is played the
same way during a solo test as in performance. It is difficult, however, to
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lip down most of the notes by 30 cents or even 20 cents. Stauffer?
rationalized that: “Perhaps it is the perculiar hollow quality caused by
significant lack of the lower even harmonics that gives an apparent pitch
much lower than actual. Perhaps the clarinetist naturally draws his hollow,
vibratoless tone on the higher side to maintain psychologically an equal
brilliance with the warm, pulsating tone of the flutes and oboes.” This
psychological explanation seems far-fetched; perhaps it could be tested
under controlled conditions.

Discussion

It is worth emphasis that these tests on one clarinet are only illustrative
of what can happen to clarinets in general. On other occasions when this
clarinet was tested there were differences in detail. The general trends
shown in this figure are, however, typical of a great many clarinets.

Some notes on a clarinet are played more consistently than others. In
one set of 10 tests on a clarinet (not the one being discussed in this paper)
the standard deviation for b* was only 2.2 cents, whereas for b® it was
4.2 cents. The typical standard deviation for the instrument as a whole
was 4.2 cent: roughly, this means that on the average two-thirds of the
10 individual measurements on any one note fell within +4 cents of a
given mean value. Those notes produced by a long air column are more
consistently played than those that utilize a short air column.

Accidental changes in key adjustment can change tuning significantly.
In tetsts preliminary to those plotted in Fig. 1, certain notes were found
to be unduly out of tune. For example, g#* was seen to be relatively flat
in comparison with nearby notes. This is a throat note; the tone hole is
employed for this note only, and it could be enlarged if necessary. Examina-
tion revealed that the cork under the key was so thick the pad could be
caised only 0.8 mm above the tone hole. When the cork was sanded off to
allow the pad to clear the hole by 1.5 mm, the tuning was raised 8 cents.

Preliminary measurements also indicated both cf* and g§° (produced
by the same hole) to be flat in relation to adjacent notes. This clarinet is
an 18-key, 7-ring model in which the tone hole for cg? — gi* goes
through both the middle tenon and socket. Cork grease had accumulated
in the hole, perhaps reducing the diameter by 2 mm. When this grease was
cleaned out, the tuning of both notes was sharpened about 10 cents.

Farly tests showed that the high d#* was very flat when fingered in the
customary way: the second finger of the right hand, the thumb_, the second
and third finger of the left hand. It was found, however, that if the thumb

2 DONALD W. STAUFFER, Intonation Deficiencies of. Wind Instrumv':nts in
Ensemble, a dissertation. The Catholic University of America Press, Washington,
D.C., 1954, page 161.
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were taken off the tone hole and LLSC'LIV mcrcl)' to 110151 tht‘.l't‘gism' key open,
d4® was sharpened about 25 cents. This modified fingering was employed
foz)fllgzilll'Bochm clarinets three different ~fingerings are available for
eb'—eb5. The fingering ased for the data .plottcd on l'lg..l was the thumb
and two fingers of the Jeft hand pl.us the side lscy;. the tuning was the same,
however, when the top key was mtcrgl.mng.cd _Wlth the side kl.ey. /\ third
way to play these notes is by the mflux in?gcls of both hands. bb® 50 'hngcn:d
on this clarinet is about the same m tuning ;1s.thc others, but eb® is sharp:
that is, the interval between the two notes lsyshort on the average b)
13 cents. On the 18-7 model clarinet c'h"?—l)b" can be playcc? in still
another way: by the first and third fingers ot th%‘ left hand. On' thlS'Cl"ll'lnCt
the tuning of bb® is again about the same as with the other fm.gcrmgs but
the eb! is noticeably sharp; the interval bc.twecn the notes is short by
12 cents. The measurements are consistent with what every good clarinet
player knows: don’t use the forked (1 -3, or 1 + 4) fingerings except for
fast technical passages — especially not fOI" eb?. . -

It is evident from Fig. 1 that in the clarion register (b* to ¢®) there is a
relatively smooth trend toward sharpness as one goes up the scale. There
is also some overall tendency toward increasing sharpness in the chalumeau
register (e% to ¢'). Most obvious, however, is the extreme sharpness at the
middle of the register (in the vicinity of ¢') with notes b.oth ;1b0ve‘ and
below this point being relatively flat. This characteristic, which is associated
with the use of only a single vent hole for the clarion register, is necessitated
by the fact that intervals between the chalumeau and clarion registers are
both longer and shorter than a twelfth: notice, for example, in Fig. 1 that
the interval e'-b% is on the average long by 5 cents, whereas the interval
b*-f8% is on the average short by 15 cents.

Conclusion

Tests on the tuning of a wood clarinet at room temperatures of 20°C and
31°C indicate that on the average the tuning of each note rises at the rate
of 0.9 cent/°C (0.5 cent/°F). A change in the length of the barrel changes
the tuning of throat notes almost three times as much as bell notes;
the latter are lowered 2.6 cents for each millimeter increase in barrel length.
Accidental changes, such as grease in a tone hole, can modify tuning signific-
antly. There is a general tendency for high notes to be sharp; there is
also a characteristic sharpness in the middle of the chalumeau register that
is associated with the use of a single register key for the entire clarion
register.
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