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I. Introduction
This project was focused on the basic elements of the trumpet, and the role the bell plays in tuning and making the trumpet a directional instrument.  
II. Process

Most of the research for this project came from the course reserve book The Science of Sound: Third Edition by Thomas Rossing, F. Richard Moore, and Paul Wheeler, from an online search engine, and from in-class lectures. 

III. The Trumpet 

The trumpet is a periodic instrument from the Brass family. It has four sections: the mouthpiece, the mouthpipe, a cylindrical section, and a bell.
 The length of the air column is 140 cm. That is to say when the trumpet is played and no valves/tubing are pulled out the length of the trumpet is 140 cm. The pipe of the trumpet acts as an open/closed tube using the player’s (mouth) as the closed end. Using the formula for open/closed pipes one can find the frequencies of a pipe at this length to be:
Fn=n [image: image2.png]"



 where n is mode, c is speed of sound (340), and L is length (1.4 m as seen above). In this case the first four modes are (acknowledging odd numbered harmonics):
 Fn=1 [image: image4.png]w19



 = 60.7143 Hz
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 = 182.143 Hz
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 = 303.571 Hz
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 = 425 Hz

This frequency is hard to blow with the lips since the lips oscillator has a fundamental frequency of about a B flat 2 (similar to that of the trumpet) but can be heard by using a different mouthpiece (like that of a clarinet) (Rossings, et. al., 227).

Sound is produced in the trumpet by the mouth. The mouth oscillates involuntarily at the appropriate times by the pressure pulses going through the trumpet and back into the mouth. This cooperation of the air supplied by the mouth and the pressure pulses supplied by the air column sustains oscillations (Rossings et. al., 227).
The trumpet has 3 tuning slides and 3 valves to help lower/raise pitch. A semitone in the equal-tempered tuning system is a 6% change in frequency. The valves would have to also be of a length that would allow a 6% change in frequency. However, with the trumpet, this is not always the case. Although the first valve may produce a whole tone change of 12.2%, the second valve and first valve, when pressed together, fall short of producing a three semitone change (18.1% as opposed to the needed 18.9%). For this reason the tuning slides attached to the first valve and third valve are there to help compensate for the change needed. This is especially true when playing a 1-2-3 valve note such as C# (For more information on this topic please read “Why Can’t We Make a Perfectly Tuned Trumpet?” by Thomas Moore). 
The bell is important in tuning and in causing the instrument to become a directional instrument. In an experiment to show differences of bell vs. no bell I took the trumpet and played a low B flat3 with bell and with the main tuning slide out (which disconnected the bell from the horn and reduced the length of the air column). Although the reduction in length of tubing most likely played a role in tuning, I was more interested in the difference between closed conical pipes (with the flare and bell) vs. a closed cylindrical pipe (when bell was disconnected from pipe) because tuning could not be accurately measured since mouth tension decrease or increase can compensate for out of tune notes.  Closed conical pipes are supposed to “have resonances whose frequencies are both higher and more closely spaced than those of a closed cylindrical pipe,” (Wolfe, et. al. 2006). As seen in the spectra of bell vs. no bell (figure 1. attached) this is indeed the case. The frequencies or higher harmonics are more present when the bell is attached than when the bell is disconnected. It is difficult to see however, if the harmonics are spaced farther apart in the second example, but is most likely the case had the spectrum been clearer.

 Also the bell causes the instrument to become a directional instrument. With the bell the amplitude was greater than the no bell sample because in the first example the sound radiated toward the recording device vs. spreading out in the room with no bell. I don’t know exactly why the bell aids in making the sound directional. I feel that it has something to do with diffraction and the length of the wavelengths in different frequencies comparing to the length of the bell. It is noted in the modes of the trumpet that the lower modes seem to spread/flare out, while the higher modes become laser like. 

An example of this is shown in figure 2 which was an experiment where I played a F4 directly at a microphone tree and rotated 360 degrees to note the change in amplitude and harmonic strength. Because I did this in a square room the sound heard when I was facing completely away was most likely reflection of the waves as opposed to if I had done it outdoors (maybe the notes would have become inaudible if I had chosen a higher frequency outdoors because of diffraction and the laser beam sound coming from the bell). 
IV. Conclusion 

The trumpet has many interesting functions as a closed conical pipe instrument. The trumpet is an extensive topic of study as there are many components to it including role of the mouthpiece, effect of tuning slides and length of tubing, and lip reed functions and their role of tension on tuning that were not studied in this project. However, it was helpful and interesting to get a perspective on role of valves and bell on sound, basic modes, and slight comparison of conical vs. cylindrical pipes.  
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