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WIND INSTRUMENT OF THE. CUP 

MOUTHPIECE TYPE 
Earle L. Kent, Elkhart, Ind., assignor to C. G. Conn, 

Ltd., Elkhart, Ind., a corporation of Indiana 
Filed Apr. 24, 1958, Ser. No. 731,581 

10 Claims. (Cl. 84-388) 
This invention relates generally to musical wind instru 

ments of the type using cup-shaped mouthpieces, and 
more particularly to such an instrument in which the 
brass or metal tubing forming the same is constructed 
to provide better intonation and tone quality. 

Musical wind instruments having cup-shaped mouth 
pieces have been constructed over a large number of 
years and are in quite widespread use. In such instru 
ments various notes are played by use of frequency de 
rived by resonance modes resulting from the length and 
general construction of the passage through the instru 
ment. To provide other frequencies which may be 
spaced between these resonance modes, slides of differ 
ent length are selectively connected into the passage of 
the instrument to change the effective length thereof. 
Resonance modes produced by these various lengths to 
gether with resonance modes at the basic length are 
used to provide the different tones of the instrument. 
The frequencies of the tones of the equally tempered 

musical scale which it is desired to producë by musical 
instruments do not, however, correspond with the fre 
quencies which are produced by the resonant modes. 
Therefore the resonance frequencies produced by an 
instrument as mentioned above do not correspond ac 
curately with the frequencies in the equally tempered 
musical scale. Further to limit the number of slides 
which change the length of the passage through an instru 
ment, various slides are used in combination and by this 
arrangement compromises must be made resulting in 
variation in the lengths provided as compared with the 
desired lengths. These two factors contribute to pro 
vide the undesired result that the tones produced by 
cup-mouthpice type instruments do not accurately con 
form to the frequencies of the equally tempered musical 
scale, so that the notes are not completely in tune, the 
instrument does not respond as desired by the musician, 
and the tone quality is imperfect. 

It is therefore an object of the present invention to 
provide an improved wind instrument of the cup-mouth 
piece type which produces better intonation and tone quality. 

Another object of the invention is to provide a cup 
mouthpiece type wind instrument wherein frequencies 
produced by resonance are modified to conform to the 
equally tempered musical scale. 
The invention relates to wind instrument having valve 

slides which change the frequency thereof and which 
are used in combination to provide certain frequencies, 
but in which the frequencies produced by the slides differ 
from the desired frequencies, and it is a further object 
to compensate for such differences in frequency caused 
by the use of the valve slides. 

Still another object of the invention is to provide an 
improved method of designing a cup-mouthpiece instru 
ment so that the instrument has better intonation. 
A feature of the invention is the provision of a brass 

wind instrument of the cup-mouthpiece type which in 
cludes sections of varying diameter which change the 
effective, length of the instrument with the frequency of 
the tone played, to thereby compensate for differences 
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2 
between frequencies produced by resonance and the 
frequencies required by the equally tempered scale, and/ 
or differences due to the use of slides in combination 
which provide improper slide lengths. 
A further feature of the invention is the provision of 

a brass type wind instrument having a mouthpiece, a 
mouthpipe and a bell which include tapered sections, 
with the tapers of the various sections being constructed 
to provide effective lengths of the over-all instrument 
which differ at different frequencies and fit a desired 
pattern. The bell may be formed of a plurality of por 
tions each constructed to provide a desired change in the 
effective length of the instrument. 
Another feature of the invention is the provision of a 

method of designing a cup mouthpiece instrument where 
in the design variables for various parts are considered, 
and each part is constructed to have a particular effective 
length characteristic with respect to frequency in conjunc 
tion with the remainder of the instrument, so that the 
instrument has the over-all effective length to provide 
desired intonation characteristic over the entire range of 
the instrument. Nomograms may be used to determine 
changes in filared sections to provide the required changes 
in effective length to correct for intonation errors in an 
instrument. 
A still further feature of the invention is the provision 

of an instrument as described above having a cavity 
formed by the mouthpiece and the mouthpipe, the size 
and shape of which may be controlled to adjust the 
effective length of the instrument at different frequencies. 

Still another feature of the invention is the provision of 
a brass type wind instrument having a mouthpiece in 
which the volume of the cup of the mouthpiece is so re 
lated to the orifice area of the mouthpiece to provide a 
change in the effective length of the instrument over a 
predetermined frequency band. 

Further objects, features and the attending advantages 
of the invention will be apparent from a consideration of 
the following description when taken in connection with 
the accompanying drawings in which: 

FIG. 1 is a perspective view of a cornet constructed in 
accordance with the invention; 
FIG. 2 shows in detail the taper of the various tubular 

portions of the cornet of FIG. 1; 
FIG. 3 illustrates the deviation in cents of the fre 

quency of a cylinder open at both ends from the desired 
frequency over a frequency band; 

FIG. 4 shows the effective length required in an instru 
ment in accordance with the invention to produce tones in 
accordance with equally tempered scale; 

FIG. 5 illustrates variations of the effective length of 
the mouthpieces having different constructions; 

FIG. 6 illustrates the change of the effective length of 
the instrument as a function of frequency and shows 
Variations resulting from change in the length of the 
cavity formed between the mouthpiece and the mouth 
DIPC, 
FIG.. 7 illustrates the change of the effective length 

of the instrument as a function of frequency and shows 
Variations resulting from changes in the length and taper of the mouthpipe; 

FIG. 8 shows the variation of effective length of the 
instrument as a function of frequency, which may be 
produced by construction of the beli of the instrument; 

FIG. 9 includes curves of the effective length of an 
instrument considered as a cylinder open at one end 
and shows the configuration required to provide the 
tones of the equally tempered musical scale; 
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FIG. 10 includes curves illustrating changes in effec 
tive length with changes in physical length; and 

FIG. 11 is a nomogram for use in calculating the effec 
tive length of faring sections of an instrument. 

In practicing the invention there is provided a musical 

é, 
of frequencies which are the fundamental resonant fre 
quency of the opem tube and the harmonics thereof. The 
resonant frequencies of a tube open at both ends are in 
dicated by the following simple formula: 

instrument of the cup-mouthpiece type which in the ex- f=5, 
ample illustrated is a cornet. This cornet is made up 
ºmºrpie Ying CP dadº positioned where f, is the frequency of the harmonic, n is an inte 

of in which the mouthpiece is inserted, a length of cylin- "nº"; sië SSifyRë nd GRAF ans, de 
drical tubing to which additional slide portions may be fie ?:FERRÈRCITäed in ?h an RiRiNE S is 
selectively coupled by valves, and a bell connected to the necessary to have tones in between the harmonies pro 
instein and RE: 2darings end ERÄÄ which 5 vided by the above formula and to acçomplish this, the 

pered, with the small ends being in the direction of the L so that additional series of harmonics are proyided. 
mouthpiece and the larger ends in the direction of the Considering first the problem of the resonant frequi?n 
bell. The taper of these sections is effective to change cies themselves, we may consider, for example, a cylinder 
the effective length of the entire passage through the in- 20 of such a length that the fundamental frequency is 116.54 
strument with the frequency involved. The length of a cycles per second. It will then resonate at the following 
cavity formed by the mouthpiece and mouthpipe may harmonic frequencies: 
also be varied to change the effective length of the in- Equally 
strument. The valve slides may also be constructed to Harmonie Harmonie|| tëÄërá | Note 
have different effective lengths at different frequencies. 25 Frequency | a * scale 
The bell may be constructed with three or more portions frequency 
which are individually designed to provide further varia- -------------------------------------~--~----- 
bles which may be controlled. Accordingly, the instru- ::::::::::: 33:8 || 83,98|| # 
ment has different effective lengths at different frequen- 4-- 466.16 466.16 || A 
cies and this feature is used to correct the effective length 30 :: äää? 33 R 
at particular notes where the actual length is improper to : ää. v v « 582 83 Ax 
provide the tone which fits in the equally tempered mu- i 1,ö8,š6 | 1,ð{6,iš å? 
sical scale. This compensates for differences between . 
the equally tempered musical scale and a series of fre- --. . . . . . . . . . . . . . quencies produced by resonance, and also for improper 85 The above table also lists the frequencies of the equally: 
length which results from the use of the valve slides. tempered scale which it is desired to produce. Although 

Referring now to the drawings, in FIG. 1 there is il- some of the harmonic frequencies coincide exactly with 
Ilustrated a cornet which is constructed in accordance the frequencies of the equally tempered scale, others do 
with the invention. This instrument is made up of a not. It will be noted from the above that whereas A, mouthpiece 19, a mouthpipe 11, tubing sections f2 join- 40 A4* and A5 are accurate, F4 is slightly offD5 is sub 
ing the mouthpipe in which valves 3 are provided for stantially off, and F5 and Cs are slightly off. . . 
selectively connecting slides 4, 15 and 16 to the tubing As stated above, in order to provide frequencies inter 
12. The tubing 12 extends from the valve section and mediate the frequencies produced by the harmonics it 
joins with the bell 17 which terminates in a flared end is necessary to change the length of the passage through 
18. 45 the instrument and this is done by the use of slides, which 
FIG. 2 shows the mouthpiece 19 more in detaili and * may be selectively coupled to the instrument tubing. by 

also shows in a schematic way the mouthpipe I, the valves - or the like. It is necessary to selectively add 
uniform tubing 12 and the bell 18. As shown in FG. 2, various different lengths to provide all of the tones nec 
the mouthpiece includes a cup 20 adapted to receive the essary to make up the equally tempered Scale. Normally. 
lips of the person playing the instrument. The cup has 50 it is deemed preferable to provide only three valves. in 
an orifice therein with a tapered back bore 21 extending ** such an instrument, and to do this three different slide 
therefrom which increases in diameter relatively rapidly. lengths may be provided. To produce other variations 
The mouthpipe 11 also increases in diameter but at a in length the slides are used in combination. This in 
much lesser rate. The mouthpipe may extend all the troduces a problem since if the slides are the proper 
way to the valve slides. The section 12 which is broken 55 length when used alone, the use of a plurality of slide 
away and is indicated by the letter K is usually formed ** to, provide a different change in tone is not accurate and 
of cylindrical tubing which is all of constant diameter. does not provide the true length required. · 
The valve slides 14, 15 and 16 are usually of constant The reason that the slides are of improper length when, 
diameter. The bell 17 starts out at a relatively small used in combination is that the slide lengths are com 
taper and with the taper continually increasing until 60 puted as a percent of the fixed length of the instrument 
it becomes a very steep flare at the outlet or mouth of which is necessary to change the tone by a particular 
the bell. · amount, a semitone, two semitones, etc. However, when 

Before considering the construction of the instrument one slide is already inserted in the passage the fixed 
further, it is necessary to consider the operation of the length is greater so that the operation of a second slide 
instrument which produces the problems solved by the 6 does not increase the fixed length by the percent required 
invention. A cup mouthpiece instrument may be gener- ºf to produce the change in tone normally provided by use 
ally compared for analysis purposes to a cylindrical tube of such slide. Compromises are made by changing the 
open at both ends. It is to be pointed out that the char- slide lengths so that they are slightly off when used alone 
acteristics of the instrument are not exactly the same and are reasonably close when used in combination. How 
as that of a uniform cylindrical tube open at both ends, o ever, errors still exist. The following table shows the 
and the instrument has some characteristics approaching 
that of a cylindrical tube open at one end and closed at 
the other. However, it is believed to be more helpful to 
consider the analogy of the cylindrical tube i open at both 
ends. Such a cylindrical tube will resonate at a plurality 

errors resulting when the slide lengths are made proper 
for. individual use and also the errors resulting when 
compromise slide lengths are used. It will be apparent that 

75 
the maximum-error-is-greatly reduced by the use of com 
promise slide lengths. 
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ŠL?DE ?LENGTH ACCURATE FoR INDIVIDUAL USE 

Walwe Correct | Actual || Error 
Length ; Length 

2--------------------------------------- * 3. 49 3. 49 0 
7.17 7. 17 , 0 
11. 08 11. 08 0 
11.08 10. 66 --. 46 
15. 22 14. 57 --. 65 
19. 61 || 18.25 -1.36 

1, 2 and 8.------------------------------- 24 25 21. 74 -2, 51 

COMPROMISE SLIDE LENGTHS 

3. 49 3. 66 --. 17 
7. 17 7.36 --. 19 

11, 08 11.77 --. 69 
| 08 1. 02 --. 06 
5, 22 15, 43 --. 2i. 

19. 61 19. 3 --. 48 
1, 2 and 3------------------------------- 24, 25 22. 79 -1. 46 

As stated above, the errors resulting from the use of 
resonant i frequencies which differ from the frequencies 
of the equally tempered scale and the errors resulting 
from the use of slides which are somewhat inaccurate add 
together to produce improper tones. The following table 
lists the note, the frequency, the resonant mode, the 
valves used, the lengths provided, the lengths required 
and the errors in length for a cylinder open at both ends 
which has been described. The instrument simulated by 
this cylinder without use of valves has a natural resonant 
frequency of 116.54 cycles per second as in the previous 
example. The length of the tubing without use of slides 
is 58.56 inches. The length of the slides are the com 
promise lengths stated above; that is, slide No. 2 is 3.66 
inches, slide No. 1 is 7.36 inches, and slide No. 3 is 11.77 
inches. 
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of the valve slides. FIG. 3 is based on a cylinder open 
at both ends. The unit used in FIG. 3 is cents with. 100 
cents being equal to one semitone. This curve corresponds 
generally to the error in inches shown in the above table, 
but in FIG. 3 the error is shown in deviation of the tuning 
or intonation rather than in deviation of the length of the 
instrument. As stated above, the errors in tuning or 
intonation can be compensated for by changing the length 
of the instrument. It is, of course, not desired to make 
a physical change in the length of the instrument as this 
would require additional mechanisms, but it has been 
found that the effective length of the instrument can be 
changed in various ways to provide an effective length. 
of the basic instrument which compensates for the errors 
referred to above to produce an instrument providing ac 
curate tones at all the desired notes. 
FIG. 4 shows the effective length of the basic open 

cylinder which is necessary to provide accurate tones. In 
the example used, the instrument has a physical length 
of 58.56 inches without the use of slides. However, the 
effective length of the instrument must vary from 60 
inches at the low notes to less than 58 inches in the in 
termediate tones, with minor variations being required at 
various points along the musical scale. 
As shown by the formula presented above, the fre 

quency of a tone produced in an open cylinder depends 
upon the velocity of the sound in the tube as well as upon 
the effective length of the tube. The velocity of sound. 
in turn varies with the frequency, in a tube wherein the 
walls flare. Accordingly, by providing filared portions 
in various sections of the instrument, the effective length 
of the instrument can be changed. In conic section the 
effective length also changes with frequency because of 
the changing phase relation between the outgoing wave. 
and the reflected wave. In accordance with the invention, 

Length || Length 
Note || Frequency Walve || Attained || Required Error 

(open (open 
cylinder) | cylinder) 

164.81 1, 2, 3 81. 36 82.82 -1.46 
174. 61 1, 3 77. 70 78. 17 || --. 47 
185.00 2, 3 74.00 73.79 --. 21 
196.00 1, 2 69. 59 69, 64 --. 05 
207. 65 1 65.92 65.74 --. 18 
220.00 2 62, 22 62.05 --. 17 
233.08 0 58. 56 58. 56 0 
246, 94 1, 2, 3 81. 36 82.9 -1. 55 
261. 63 I, 3 77. 70 78.26 -, 56 
277.18 2, 3 74.00 73.87 --. 13 
293. 66 i, 2 69. 59 69.72 -, 13 
311. 13 1 65,92 65.81 --. 11 
329. 63 2 62. 22 62. 12 --. 10 

. 349.23 0 58. 56 58. 63 --. 07 
369,99 2, 3 74. (30 73. 79 --. 2i 
392, 00 1, 2 69. 59 69. 64 --. 05 
415.30 1 65, 92 65,74 --. 18 
440. 00 2 62, 22 62.05 --. 17 
466. 16 0 58. 56 58. 56 0 
493.88 1, 2 69. 59 69. 10 --. 49 
523. 25 65. 92 65. 22 --. 70 
554. 37 2 62. 22 61. 56 --, 66 
587.33 0 58, 56 58. 10 --. 46 
622, 25 1 65.92 65.81 --. 11 
659.26 2 62,22 62. 12 --. 10 
698. 46 0 58. 56 58. 63 --. 07 
739.99 2, 3 74, 00 73. 79 --. 21 
783,99 1, 2 69, 59 69. 64 --. 05 
830. 61 1 65,92 65. 74 --. 18 
880. 00 2 62, 22 62, 05 --. 17 
932. 33 0 58. 56 58. 56 0 
987. 77 2 62. 22 62, 19 --. 13 

1, 046. 5 0 58. 56 58. 70 -. 14 
1, 108.7 2, 3 74. 00 73. 87 --. 13 
1, 174.7 1, 2 69. 59 69,72 -. 13 
1, 244. 5 1 65. 92 65,81 --. 1i 
1, 318. 5 2 62, 22 62. 12 --. 10 
1, 396.9 0 58. 56 58, 63 --, 07 

Length || Change 
Required|in Length 

(Inches) i for open || Required 
cylinder) (Percent) 

60. 02 -H-2. 49 
59.03 --. 80 
58.35 --. 36 
58, 632 --. 10 
58.37 - 32 
58, 38 --. 32 
58. 56 0 
60, 12 --2. 66 
59.13 --. 97 
58, 43 --. 22 
58.70 --. 24 
58. 45 -. 19 
58,45 -. 19 
58. 63 --. 12 
58. 35 --. 36 
58, 62 --. 10 
58.37 -, 32 
58. 38 --. 32 
58, 56 0 
58.07 --. 84 
57.86 --. 20 
57.90 -1.13 
58. 10 -, 79 
58. 45 -. 19 
58. 45 -. 19 
58.63 --. 2 
58. 35 --. 36 
58, 62 --. 10 

37 --. 32 
38 --. 32 
56 0 
53 - 05 
70 --. 24 
43 --. 22 
70 --. 24 
45 -. 19 
45 -. 19 
63 --. 12 

Valve side lengths used-#2=3.66”. #i=7.36”. #3=11.77”. 

Referring now to FIG. 3 of the drawings, this curve 
shows the error in intonation (cents) resulting from the 
two factors i mentioned above, that is, the difference of 
the resonant frequencies and the frequencies of the equally 

the construction of the mouthpiece, the mouthpipe and 
the bell of the instrument are designed to provide con 
figurations which control the effective length of the in 
strument. Between the mouthpipe and the bell is a sec 

tempered musical scale, and second the incorrect lengths 75 tion of tubing which is of constant diameter and this seç 
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tion, although effecting the tone produced, may not be 
modified to produce a change in the effective length. No 
substantial change in velocity is produced by change in 
frequency in constant diameter fubing of the size gen 
erally used and in order to produce the instrument con 
veniently this section to which the slides are coupled is 
retained at constant diameter. · · · · - : - - 

In some respects, it is more nearly a true analogy if 
the cylinder closed at one end is chosen as a reference 
for a cup mouthpiece instrument. First, the cup-mouth 
piece instruments have a pressure node at or near the 
bell of the instrument and a velocity node at or near the 
mouthpiece. Secondly, the effective length of a cylinder 
closed at one end would need to increase with frequency if its resonant frequencies followed those required for 
the musical scale and this would mean that the effective 
velocity of sound in the tube would be an inverse func 
tion of frequency. In filaring horns, such as an exponen 
tial, this is actually the case. 

ft is well known that a cylinder closed at one end reso 
nates only at the odd integral multiples of the funda 
mental resonant frequency. Therefore, a cylinder closed 
at one end and of the proper length to resonate at, say, 
116.54 cycles per second, as in the prior example, would 
resonate at 349.62 c.p.s., 582.70 c.p.s., 815.78 c.p.s. etc. 
if the physical length and the speed of sound in the cylin 
der are held constant. In order for this cylinder to reso 
mate at 233.08 c.p.s. as required for As#, it would be 
necessary for its effective length to be increased as the 
frequency is increased so that by the time the frequency 
reached 233.08 c.p.s. the cylinder would be suitably longer 
than it was at 116.54 c.p.s. (the fundamental) and the 
next mode of resonance, which would be 349.62 c.p.s. 
if the length remained constant, is now 233.08 c.p.s. 
The required effective length, Le, for the complete 

harmonic series is: 
7, C 

Le= 4f. 

where 
n=odd integer indicating mode of vibration 
c=speed of sound 
f=frequency at resonance. 
Thus, to return to our example, the effective length re 

quired for a fundamental resonance (n=1) of 116.54 
c.p.s. would be: 

13,650 
466.6 

The effective length required to resonate at the second 
harmonic of 116.54 c.p.s., or 233.08 c.p.s., would be: 

Le1 = = 29.28 inches 

3(13,650) L2===43.92 inches 
These calculations can be carried on as far as desired and 
an Le will be a smoothly increasing function of frequency 
if the harmonic series is followed for the values of f. 
As was mentioned before, the fifth mode of the instru 

harmonic series and: 
9(13,650) 
2330.8 

To be of the proper interval with respect to a 116.54 
c.p.s. fundamental it would have to be: 

Le5 = = 52.71 inches 

= 52.29 inches 

This means - that it would be necessary for the rate of 
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8 
equally tempered scale. The solid curve of FG. 9 shows 
the lengths required to provide the tones of the equally 
tempered scale and this is an irregular curve. The light 
smooth curve follows the harmonic series. 
Once it has been determined what the effective length 

should be for each frequency of the scale by this process, 
the next step is to determine suitable parameters of bore 
calibration to produce the correct variation of effective 
length as a function of frequency. Explanations of the 
effect of the dimensions of the various parts of a horn 
on the effective length are set forth below. These apply 
to the analysis of a horn when considered either as a 
cylinder open at both ends or as a cylinder open only at 
one end. 

Considering first the mouthpiece of the instrument 12, 
it has been found that the effective length - of the Imputh 
piece can be changed widely by control of the volume 
of the inlet cup in relation to the orifice area at the most 
restricted point of the mouthpiece. FIG. 5 includes six 
curves which show the effective length of the mouthpiece, 
and show variation of the effective length with frequency 
with the length vs. frequency curve being of different shape 
for different ratios of cup volume to orifice area. Curve 
a is for a ratio of one, b for a ratio of two, c for a ratio 
of three, d for a ratio of four, e for a ratio of five, and 
curve f for a ratio of six. It will be apparent that the 
mouthpiece can be used to provide an increase in the effec 
tive length in the region from 500 to 700 cycles per sec 
ond as is shown to be needed by the curve of FIG. 4. 
The taper of the mouthpiece back bore beyond the re 

strictive orifice may also be changed to change the effec 
tive length of the instrument. The change in taper 
changes the cutoff frequency and this changes the effec 
tive length for different frequencies. Increasing the cut 
off frequency decreases the effective length for lower 
frequencies and increases the effective length for higher 
frequencies. 
A second point in the instrument which may b? con 

trolled to change the effective length of the instrument 
is the small region at the end of the mouthpiece at its 
junction with the mouthpipe. A cavity with a square 
shoulder has been provided at this point which is desig 
nated C in FIG. 2. Change in the volume and shape 

45 
of this cavity will change the effective length of the instru 
ment. FIG. 6 shows changes in effective length result 
ing from change in the length of this cavity. The center 
line designated g in FIG. 6 is used as a reference and is 
based on a cavity having a length of %4 inch which is 

50 

55 

illustrated in FIG. 2. To reduce this length by half re 
sults in the changes in effective length indicated by curve 
h, and to completely eliminate the cavity would produce 
the curve j. To increase the length of the cavity by 50% 
produces curve k and to increase the length of the cavity 
by 100% would produce the curve l. W 
The next part of the instrument which can be con 

trolled to provide change of effective length is the mouth 
pipe which has been designated 11. This is the portion of 
tubing shown in FIG. 1 extending between the cavity 

| 60 
ment will resonate at too low a frequency if it follows the 

70 

increase in effective length to be reduced as the frequency - 
passes through the fifth mode, so that the instrument will 
resonate at the proper frequency to be in tune with the 5 

designated C and the tubing of fixed diameter designated 
K. The shape and length of the mouthpipe changes the 
effective length of the instrument and the use of a conical 
taper has been found to provide an improved result. In 
order to hold the diameters of the ends of the mouthpipe 
fixed and thereby - permit the use of a standard mouth 
piece and standard bore for the tubing K which is of 
fixed diameter, the taper of the conical bore through the 
mouthpipe can be changed by changing the length there 
of. In the mouthpipe shown in FIG. 2 the diameter at 
the small end is .330. inch and at the large end is 438 
inch. FIG. 7 shows the deviation in effective length re 
sulting from change of the length of the mouthpipe from 
8 inches to 12 inches. In FIG. 7 a standard mouthpipe 
10-inches long is used as a reference and is designated by 
center line m. Curve n shows the deviation in frequency 
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produced by a mouthpipe 8 inches long, curve o is the 
deviation for a 9 inch mouthpipe, curve p the deviation for 
an 11 inch mouthpipe, and curve q the deviation for a 12 
inch mouthpipe. It is obvious from the curves that rela 
tively sharp changes in effective length can be produced 
by changing the length and thereby the taper of the 
mouthpipe, and this is particularly effective to bring the 
notes F4, G4 A4 and A4 in tune. 

It has been found that the use of a mouthpipe which 
is longer and has a smaller inlet has produced the re 
quired change in effective length to improve intonation in 
certain instruments which have been constructed. For 
example, the intonation of a euphonium was improved 
by reducing the small diameter of the mouthpipe from 
.437 to .418 inch and increasing the length thereof from 
7.57 to 8.36 inches. The outlet diameter was retained 
at 555 inch to match the constant diameter tubing. In 
a trumpet designed in accordance with the invention, the 
mouthpipe inlet diameter was .330 inch as compared with 
.340 inch to .346 inch for prior accepted constructions. 
The mouthpipe inlet diameter at the junction with the 
cavity indicated c in FIG. 2 may be substantially the same 
as that of the outlet of the mouthpiece. 
Although the constant diameter tubing which is repre 

sented in FIG. 2 as the section K is not usually modified 
to change the effective length or tone characteristics, this 
length must be adjusted to provide the required total 
length of the instrument. That is, when the length of the 
mouthpipe is changed as illustrated by FIG. 7, the length 
of the constant diameter tubing is subject to change to 
provide the required total fixed length. The following 
table shows the change in the constant diameter tubing 
K for changes in mouthpipe lengths. 

Constant Diameter 
Tubing, inches 

Mouthpipe length, 
inches 

21. 47 
20. 44 
19.30 
18.21 
17.17 

It may be desired to construct the third valve slide to. 
provide a change in the effective length thereof with fre 
quency to thereby compensate for incorrect effective 
length resulting from use of the third valve slide in com 
bination with other valve slides. Referring to FIGS. 3 
and 4 and to the table showing the valves used to produce 
the various notes, it will be observed that a large and 
abrupt change in effective length is required when going 
from A3ä; to B3. To produce such a change in effective 
length of the instrument as a whole may be difficult be 
cause of this abruptness, but since the third valve slide 
is used for B3 and not for A3, compensation of the ef 
fective length of the third valve slide which will be effec 
tive for the frequency of B3 will have no effect on A3* 
and therefore need not be so sensitive to frequency 
change. - 

The bell may also be constructed with the tapered and 
flaring portions selected to adjust the effective length of 
the over-all instrument at different frequencies. The bell 
may be considered as made up of three parts: first, the 
stem designated S which is made up of the full length 
shown in the third section of FIG. 2 and the portion 
designated S in the bottom section, second, the throat 
designated T in the bottom section, and third the mouth 
M which includes the remainder of the bell. The taper, 
length and cut-off frequency of each of these sections 
may be controlled to change the effective length of the 
bell. FIG. 8 illustrates the effective length at the various 
frequencies for the bell configuration as shown in FIG. 
2. This shows that the effective length increases with fre 
quency, and although there are no sudden changes in the 
curve it is not a uniform curve, with the rise at certain 
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10 
points being relatively steep and the curve at other points : 
being substantially fiat. This curve can be made to have 
wide variations by making the taper of the stem, where it : 
is connected to the constant diameter tubing, greater to 
provide a greater discontinuity. 

In considering the effective length of various fidaring 
sections of a horn to provide the overall effective length 
which produces the desired intonation, the following equa 
tion for a fiaring section has been found to be helpful: 

f 

y=yo cosh ms- sinh ms 
where 
y=diameter at any point s on section 
yo=diameter of the small end of the section 
y'o=slope at the smaller end of the section 

m= f=parameter dependent on flare of section 

| f=“cut-off” frequency of the section 
s=contour distance measured from smaller end of section 
c=velocity of sound= 13,650 inches per second 

Each section is, therefore, defined by four parameters, 
s, the contour length or distance from the small end of 
the section, m, the rate of flare, yo, the diameter of the 
small end of the section, and y’o, the slope at the small 
end of the section. Variation of any one of these para 
meters will cause a variation in the effective length of the 
section defined thereby. The section defined by the above 
equation may be conical, exponential, or catenoidal in 
shape depending upon the relative values of yo, y'o, and 
m. When m is zero and y'o and yo have a particular rela 
tion, the shape is conical, when y’o/yom=1, the section 
is exponential, and when y’o/m equals zero, the shape 
is catenoidal. 
The following equation defines the effective length of 

a first section open at its outlet and joined to a second 
section at its inlet, with the sections being of various 
shapes as encompassed by the above equation: 

L=3; cot-foot (2-leviFi-f?i) |- - 2 -"| 2 

where 
=effective length. 

f=frequency at which Le is to be determined. 
f=cutoff frequency of the first section. 
f=cutoff frequency of the second section. 
L=contour length of the first section. 
Note that if the second section is a cylinder, f=0 and 

2 - f2 27r f-zer L.= cot-Vi jf f cot (2.Vf 5-FL)] 
As the velocity of sound is constant, the effective length 
as indicated by this equation is dependent upon the cut 
off frequency f, and the contour length L. 

It will be apparent from the above that the equation, 
for determining the effective length of a filaring section as 
set forth above is quite difficult to use. It has been 
found that nomograms can be prepared by the use of a 
computer to facilitate determination of the effective length 
of such a section at a particular frequency f. FIG. 11. 
shows a nomogram which may be used for this purpose, 
and which applies to the length of a catenoidal section 
which is smoothly joined to another catenoidal section. 
In using these curves, it is necessary to compute 

and 

C 

— fil 
f 

fa 
f 
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where f is the cutoff frequency of the section involved 
and f is the cutoff frequency of the section to which 
it is joined. After these calculations are made, the call 
culated value of 

c 
is used as the abscissa and the corresponding point is 
located on the 

f 

curve which corresponds to the calculated value for 
- fi 
* f 

Then the ordinate is located on the 
fe 
f 

curve corresponding to the calculated value of 
- f - 

f 
The abscissa for this point provides the value for 

2fLe 
C 

so that Le, the effective length, can be determined. 
By use of the above equations and/or the nomogram, it 

is possible to design an instrument, or correct the design 
of an instrument, so that it conforms more closely to 
the desired curve. This is illustrated in FIG. 9 wherein 
the dotted curve illustrates the effective length of an 
euphonium constructed prior to the invention i and the 
dot-dash curve illustrates the effective length of the in 
strument when changed in accordance with the teachings 
of the invention. Although the dot--dash curve does not 
coincide exactly with the desired curve shown by the 
heavy solid line, it will be apparent that it is much closer 
at certain critical notes. For example, B2 is considerably 
improved and F4, G4, A4, and AF4 are all greatly im 
proved. The improvement shown was achieved by chang 
ing the shape of the mouthpiece and the mouthpipe of 
the instrument, and by the use of a cavity between the 
mouthpiece and mouthpipe having square shoulders. 
The deviations from the smooth resonance curve, as 

illutstrated by the heavy curve in FIG. 9, may be pro 
vided by making the cut-off frequencies of various sec 
tions out of line with the cut-off frequencies of other 
sections, and the equations set forth and the nomogram 
make it possible to determine the configuration which 
should be used. As an example, the three sections of 
the bell described above may be constructed as catenoidal 
sections with cut-off frequencies having such a relation 
that the effective length curve will be irregular at a par 
ticular point where the equally tempered musical scale 
differs from a harmonic relationship, 

?eviations from the smooth curve can also be pro 
vided by joining sections of different shapes. For ex 
ample, a catenoid smoothly joined to a cylinder will 
produce effective length variations as shown in FIG. 10. 
Such variations can be located at various points on the 
curve by changing the physical lengths of the catenoidal 
section. In FIG. 10 the dotted curve and the dot-dash 
curve show deviations from the smooth solid curve, with 

taper of the mouthpipe. 
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the dot-dash curve being prod?ced by a catenoidal section 
having twice the length of the section represented by the 
dotted curve. 
A total of at least seven design variables determine 

the bell shape. These are rate of taper at the small end 
or stem of the bell and the cut-off frequencies and 
lengths of the three sections. of the bell referred to above. 
There are at least six variables which define the mouth 

70 

75 

2 
piece and mouthpipe configurations and control the effec 
tive lengths thereof. These are the ratio of the volume 
of the mouthpiece cup to the area of the mouthpiece. 
orifice, the ratio of the diameter of the orifice to the 
rate of taper of the mouthpiece back bore, the length 
of the back bore, the length of the cavity formed by the 
mouthpiece and mouthpipe, and the length and the rate of 

This makes a total of 13 vari 
ables which may be changed to control the effective 
length. The bell may, of course, be divided into more 
sections to provide more variables. Also other parts of 
the instrument may be constructed to provide change in 
the effective length with change in frequency. 

It will be apparent from a consideration of FIGS 5, 
6, 7 and 8 that by control of configuration of the mouth 
piece, mouthpipe and bell, the effective length of the 
instrument can be changed with frequency to provide the 
desired effective lengths at the frequencies of the i various 
notes to be played so that the notes produced have the 
desired tone frequencies to fit in the equally tempered 
musical scale. Due to variations produced by the musi 
cian and to changes in the velocity of sound in the in 
strument because of changes in temperature, and even due 
to acoustic coupling of waves in a room into the instru 
ment, the intonation is influenced in any given instrument 
construction. Accordingly variations of intonation apart 
from the design of the instrument can cause intonation 
discrepancies and therefore small intonation variations 
due to the instrument construction, such as +3 cents, 
become insignificant as compared to other influencing 
factors. It is important however to eliminate large 
variations in intonation resulting from the design and 
construction of the instrument. 

It is to be pointed out that the design variables men 
tioned above which can be chosen to provide optimum 
intonation may also effect the tone quality of the instru 
ment and the response of the instrument (the feel) to 
the musician. Since there is no unique set of variables 
required to provide optimum intonation, the selection of 
variables should be made giving consideration to tone 
quality and feel as well as intonation. Improved in 
tonation resulting from the teachings of this invention 
will however provide improved tone quality and feel 
when the selection of variables is properly made. 

This application is a continuation-in-part of my appli 
cation Serial No. 568,784 filed March 1, 1956, now. 
abandoned. 

I claim: 
1. A musical instrument of the cup mouthpiece type, 

said instrument having at least four major tubular sec 
tions, said sections comprising a tapered bell, a valve 
Section connected to said bell, a tapered mouthpipe con 
nected to said valve section, and a mouthpiece, said valve 
section being of substantially cylindrical form, said mouth 
pipe having one end shaped to receive said mouthpiece, 
said bell having at least three sections, each of said bell 
sections having a progressively increasing diameter out 
wardly thereof, and the rate of increase in diameter - of 
each bell section extending outwardly from said valve 
section being of greater magnitude, the cut-off frequencies 
and the effective lengths of said three bell sections being 
different whereby the effective length of the instrument 
increases with the frequency- of the instrument so that the 
tones produced substantially follow the equally tempered 
musical scale. 

2. A musical instrument of the cup mouthpiece type, 
said instrument having at least four major tubular sec 
tions, said sections comprising a tapered beli, a valve 
section- connected to said bell, a tapered mouthpipe con 
nected to said valve section, and a mouthpiece, said valve 
section being of substantially cylindrical form, saidmouth 
pipe having one end shaped to receive said mouthpiece, 
said bell having at least three sections, each of said bell 
Sections having a progressively increasing - diameter out-- 
wardly thereof, and the rate of increase in diameter of 
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each bell section being of greater magnitude as the bell 
Sections are positioned outwardly from said valve section, 
the cut-off frequencies of said three bell sections being 
different and the effective length of each bell section vary 
ing with frequency, said mouthpipe and said mouthpiece 
also being shaped so that the effective lengths thereof vary 
With frequency, whereby the overall effective length of the 
instrument increases with frequency in an irregular man 
mer and the effective length is different for different tones 
produced by the instrument so that the tones substantially 
follow the equally tempered musical scale. 

3. A musical instrument in accordance with claim 2 
wherein said one end of said mouthpipe which receives 
said mouthpiece has an annular recess therein forming a 
cavity with a square shoulder facing said mouthpiece. 

4. A musical instrument as defined in claim 2 wherein 
the bore of said mouthpipe has a conical taper through 
out its length. 

5. A musical instrument in accordance with claim 2 
Wherein said one end of said mouthpipe which receives 
said mouthpiece has an annular recess therein forming a 
cavity with a square shoulder facing said mouthpiece, and 
the bore of said mouthpipe has a conical taper throughout its length. 

6. A musical instrument as defined in claim 2 wherein 
said valve section includes a plurality of slides and valve 
means for selectively connecting said slides to increase the 
physical length of said valve section, with at least one of 
said slides being constructed to have an effective length 
which varies with frequency. 

7. A musical instrument as defined in claim 2 wherein 
said mouthpiece includes a cup-shaped portion adapted 
to be placed against the lips of a person playing the in 
strument, an orifice at the base of said cup-shaped por 
tion and a back bore extending from said orifice and taper 
ing outwardly toward the end of said mouthpiece received 
in said mouthpipe, and wherein the ratio of the volume 
of said cup-shaped portion of said mouthpiece to the area 
of said orifice thereof is selected to provide different effec 
tive lengths of said mouthpiece for different tones played 
on the instrument. 

8. A musical instrument as defined in claim 2 wherein 
said mouthpiece includes a cup-shaped portion adapted 
to be placed against the lips of a person playing the in 
strument, an orifice at the base of said cup-shaped portion 
and a back bore extending from said orifice and tapering 
outwardly toward the end of said mouthpiece received in 
said mouthpipe, and wherein said back bore of said mouth 
piece is shaped to have a cut-off frequency which pro 
duces different effective lengths of said mouthpiece for 
different tones played on the instrument. 
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14 
9. A musical instrument as defined in claim 2 wherein 

said tapered mouthpipe has a conical bore throughout its 
length and the end thereof which receives said mouthpiece 
has an annular recess therein forming a cavity with a 
square shoulder facing said mouthpiece, and wherein said 
mouthpiece includes a cup-shaped portion adapted to be 
placed against the lips of a person playing the instrument, 
an orifice at the base of said cup-shaped portion and a back 
bore extending from said orifice and tapering outwardly 
toward the end of said mouthpiece received in said mouth 
pipe, with the ratio of the volume of said cup-shaped por 
tion of said mouthpiece to the area of said orifice thereof, 
and the cutoff frequency of said back bore thereof, pro 
viding different effective lengths of said mouthpiece for 
different tones played on the instrument. 

10. A musical instrument as defined in claim 2 wherein 
said valve section includes a plurality of slides and valve 
means for selectively connecting said slides to increase 
the physical length of said valve section, at least one of 
said slides being constructed to have an effective length 
which varies with frequency, and wherein said tapered 
mouthpipe has a conical bore throughout its length and 
the end thereof which receives said mouthpiece has an 
annular recess therein forming a cavity with a square 
shoulder facing said mouthpiece, and wherein said mouth 
piece includes a cup-shaped portion adapted to be placed 
against the lips of a person playing the instrument, an 
orifice at the base of said cup-shaped portion and a back 
bore extending from said orifice and tapering outwardly 
toward the end of said mouthpiece received in said mouth 
pipe, with the ratio of the volume of said cup-shaped por 
tion of said mouthpiece to the area of said orifice thereof, 
and the cutoff frequency of said back bore thereof, pro 
viding different effective lengths of said mouthpiece for 
different tones played on the instrument. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

1,509, 104 Hickernell --------------- Sept. 23, 1924 
1,759,824 Gulick ----------------- May 20, 1930 
2,033, 183 Dewey ----------------- Mar. 10, 1936 
2,288,743 Reed ------------------- July 7, 1942 
2,376,453 Ruettiger --------------- May 22, 1945 
2,504,336 Kleczka ---------------- Apr. 18, 1950 

FOREIGN PATENTS 
378, 157 France ----------------- Aug. 1, 1907 
198,960 Great Britain ------------ June 14, 1923 
448,869 Germany ---------------- Aug. 26, 1927 


