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ABSTRACT. The acoustic effect of cryogenically treating trumpets is inves-
tigated. Ten Vincent Bach Stradivarious Bb trumpets are studied, half of
which have been cryogenically treated. The trumpets were played by 6 play-
ers of varying proficiency, with sound samples being recorded direct to disc
at a sampling rate of 44.1 kHz. Both the steady-state and initial transient
portions of the audio samples are analyzed. In some cases, a slight shift of
power in the harmonic spectrum toward the higher frequencies is observed in
the treated trumpets. However, no statistically independent results are seen,
and the most pronounced results were not repeatable. Differences observed
in player-to-player and trumpet-to-trumpet comparisons overshadow any dif-
ferences that may have been brought on due to the cryogenic treatment. All
data was collected in a double blind fashion. The treatment itself is a three
step process, involving an 8 hour linear cool down period, a 10 hour period of
sustained exposure to -195 °C (-300 °F), and a 20-25 hour period of warming
back to room temperature.

1. INTRODUCTION

A controversy has developed within the musician community regarding the ef-
fectiveness of cryogenically treating brass wind instruments. Proponents claim that
treated instruments sound better, brighter, and more distinct. Further, they say
that the treated horns have a higher level of playability, in that notes are easier to
hit, and performance fatigue is diminished. Suppliers of cryogenic treatment say
that these improvements in sound and performance are due a variety of changes in
material properties brought on by the treatment, including stress relief, a minimiza-
tion of dislocations and voids in the crystalline structure, and a change in material
property referred to as “densification [1, 2].” On the other hand, many players
and established trumpet manufacturers believe that any improvements seen in the
instruments is simply due to a placebo effect [3].

Much research has been conducted regarding the sound generating mechanism
of the trumpet and other brass instruments [4, 5, 6, 7, 8, 9], as has the effect of wall
materials and plating techniques on the tone of these instruments [10, 12, 13, 14].
Because of this research, the sound generating mechanism of brass instruments is
well understood. Further, it has been shown that, in general, a brass instrument
constructed from a material with a greater modulus of elasticity will produce a tone
that has a spectral content with the power shifted to the higher frequencies [11,
15]. However, little formal research has been done on the acoustic effects related
directly to cryogenic treatment. What has been done utilized a small sample size of
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instruments, and employed a limited group of player participants [16, 17]. Finally,
these examples of research were not conducted in a truly double blind fashion.

Research for this study generated a sizable database of results. Because of this,
only the most pertinent data from the three most proficient players will be presented
in the body of this report.

2. EXPERIMENTATION

2.1. Experimental Set-Up. All data for this research was collected in a small
sound dampening quiet room. Inside dimensions measure 7/10”d x 7/10”w x 7'2” h.
The walls are sound-proofed such that the average noise attenuation is 38dB over
the audible frequency range. The interior walls are covered with Sonexzy; acous-
tical foam panels, and the floor is carpeted. All sound samples for this study were
recorded using Briiel & Kjaer audio research equipment (microphone, microphone
preamplifier, and conditioning amplifier). The line level voltage from the condition-
ing amp is converted to a 16 bit digital signal sampled at 44.1 kH z. The frequency
response of the microphone is flat to within 2 dB over the audible range, and the
signal to noise ratio ranges from 75 dB to 95 dB over the test range. In all cases,
measurement levels are above this noise floor.

The ten trumpets used in this study are lacquered Vincent Bach Stradivarious
Bb trumpets, model 180, 37 bell, manufactured by Selmer Musical Instruments
in 1998. These trumpets are constructed of gold brass, composed of 85% cop-
per and 15% zinc. They are assumed identical except for the fact that half have
been cryogenically treated. This process involves cooling the trumpets down to
—300°F(80K) over a period of about 8 hours, held at that temperature for another
10 hours, then brought back to room temperature over a period of 20 hours. All
temperature changes occur linearly with respect to time. The process is dry, in that
the cooling process occurs in a liquid nitrogen cooled evacuated dewar chamber,
and no cooling fluid comes in contact with the samples.

2.2. Experimental Procedure. All data was collected in a double-blind fashion;
neither the players nor the researchers were aware of whether the trumpet being
tested at any given time had been treated or not. The players were instructed to
first warm up each trumpet to standard playing conditions, which gave them the
opportunity to develop an opinion regarding the tone and playability. During the
warm up period they were allowed to play the instrument any way they wished.
Their opinions of playability and tone rated on a scale from 1 to 10 were recorded.
Any additional comments they had regarding their impressions of the instruments
were also recorded.

For the audio data samples, the performers played only the open notes of the
trumpets, that is, those that can be played without use of the valves. On a scale
transposed for a Bb trumpet, the notes and their respective frequencies and wave-
lengths are presented in Table 1.

3. STEADY-STATE ANALYSIS

The sound produced by many musical instruments can be broken into two seg-
ments as a function of time. The first portion heard is the attack, or the start-up
period of the tone. During this period, frequency content changes very rapidly. The
second segment is the steady-state tone, where the frequency content is essentially



| Note (transposed) | Fundamental Frequency (Hz) | Wavelength (m) |

C4 233 1.50
G4 349 0.97
Ch 466 0.73
E5 587 0.58
G5 698 0.49
C6 932 0.36

TABLE 1. Examined Notes, Frequencies, & Wavelengths

constant over time. These two periods of sound work together in providing aural
information to the listener regarding the nature, position, and acoustic environment
of the musical instrument. For this study, the middle 50% of the note played is
considered the steady-state portion.

Power spectra is calculated via the Fast Fourier Transform (FFT) after the audio
sample has been windowed via a Hanning Window. Power spectra are normalized
by the total power found in the sample. In order to compare the steady-state
spectra of the two groups of trumpets (i.e. cryogenically treated vs. untreated), all
of the normalized spectra for individual notes as played by each player for the two
groups of trumpets are averaged together. When presenting these spectra, error
bars are also included. These error bars represent the 70% of those values within
the sample set that are closest to the mean.

3.1. Results. Data collection for this research began with Player #2, an advanced
amateur player and upper-classman at the New England Conservatory. Over the
course of three recording sessions data was collected in different combinations of
the following player-to-microphone orientations; on axis in the far-field, on axis in
the near-field, and off axis in the near-field. The most noteworthy data from his
playing is the E5 (fo = 587 Hz) on axis in the near-field. Figure 1 shows the
comparison of the untreated trumpets to the treated ones for the data recorded
during the first session with this player. Note that 33% of the filtered data range
bars do not intersect. More specifically, there is no overlap of data in the 11 - 13"
and 18 -21%¢ harmonics. The maximum deviation of the data range bars is about 2
dB, found at the 19*" harmonic. Although no other notes from this data collecting
session yield data range bars that are independent of one another, many cases show
mean values from one set lying outside the range bars of the other. This deviation
appears to be a function of the note played, that is, the deviation is negligible
at C4 (the lowest note investigated), increases to a maximum at E5 (nearly the
middle of the range of the trumpet), then diminishes back to a negligible level at
C6 (the highest note studied). Finally, when this player played the E'5 on-axis in
the far-field and off-axis in the near-field, this deviation between the two sets of
trumpets all but disappears. These power spectra are presented in Figures 2 and
3. Note that the mean values for the upper harmonics are elevated for the treated
trumpets, but the data range bars overlap significantly. Because the elevation of
upper harmonics in the treated trumpets is most predominant for the E5 note in
the near field, this case will be the focus for the remainder of our discussions.
Player #3, a part-time jazz performer and Tufts University music school grad-
uate, was examined in both the near-field on axis and in the far-field. The power
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FIGURE 2. Player #2, On-Axis, Far-Field, E5

spectra from the E5 note in the near-field is presented in Figure 4. In this case,
the mean values for the six highest harmonics of the untreated trumpets lay above
the corresponding data ranges of the treated trumpets, yet the data ranges of the
two groups of trumpets overlap considerably. As in the data of Player #2, the data
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from this note and player/microphone orientation produced the most significant
deviation of the two groups. However, in the case of Player #3, it is the untreated
trumpets that produce elevated upper harmonics on average.
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Player #1, a professional classical performer, was examined on-axis in the near-
field only. However, two discrete sets of data were collected. One recording involved
him playing at a standard volume (forte or f), while the second session was devoted
to him playing at an elevated volume (fortissimo or ff). Examination of Figures
5 and 6 reveals a slight elevation of the average values in the upper harmonics in the
treated trumpets. Although the deviation is more pronounced in the fortissimo
data set, the error bars overlap significantly in both cases.
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FIGURE 5. Player #1, On Axis, Near-Field, forte, E5

Data from the three less proficient players (not presented here) yielded similar
results, in that no significant deviation between the two sets of trumpets was ob-
served. Because only one set of data, that of Player #2 in the near-field, yielded
significant deviation between the two groups of trumpets, the acquisition of that
data was repeated. The comparative power spectra for E5 from this repeated data
set is presented in Figure 7. As seen in this data, which was taken 8 months after
the original set, little deviation exists between the two sets of trumpets, and the
error bars overlap significantly.

Figure 8 compares the original data of Player #1 to the repeated data taken
eight months later. These graphs represent the average power spectra of all the
trumpets as played in the near-field, on-axis, for the note E5. It should be noted
that the original data was taken during the summer, while this player was on break
from his conservatory course work. The repeated data was taken near the end of
the spring semester, when the player was in the midst of playing up to eight hours
a day in classes and concerts. Although the difference between these spectra is not
overly dramatic, the 12t and 13" harmonics do display statistic independence.

Finally, Figure 9 compares the averages of the three players playing all trumpets,
FEb5forte, on-axis in the near-field. Clearly, Player #2 produces much more power
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FIGURE 7. Player #2, On Axis, Near-Field, E5, Repeated Data
in the mid to upper overtones than the other two players, as the error bars for the
10th-16th harmonics show no overlap with either of the other players.

3.2. Discussion. In order to conclusively state that a difference exists between the
cryogenically treated trumpets and their untreated counterparts (or any two sets
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FIGURE 9. Players #1, #2, & #3, On Axis, Near-Field, E5

of data), the data must be statistically independent from one another. Specifically,
we would need to observe power spectra comparing the two sets of trumpets with
no overlapping error bars. With six players playing 6 notes in as many as three
different player/microphone orientations, we have a total of 66 comparative power



spectra to refer to. In fact, when comparing the cryogenically treated trumpets to
the untreated trumpets, significant deviation is observed in only one case, that of
Player #2 playing E5 on-axis in the near-field. Upon acquiring this data a second
time eight months after the first session, this deviation proved to be unrepeatable.
Further, if we were to disregard the error bars and simply judge the data by the
mean values of the power spectra, the data contradicts itself. In the cases of Play-
ers #1 and #2, the treated trumpets have upper harmonics with greater powers.
However, Player #3 produces a tone with decreased power in the upper harmonics
when playing the treated trumpets. However, it can be concluded that differences in
tone as seen in player-to-player comparisons can far outweigh any differences seen
between the treated and untreated trumpets. This is shown in Figure 9, where
Player #2 clearly has more power in the mid to upper harmonics than the other
two players.

Perhaps more significantly, differences in harmonic content are apparent when
comparing the repeated data of a single player, as seen in Figure 8. Presumably
the only difference between the first and second sets of data for Player #2 is his
level of preparedness. There is no doubt that he is a talented trumpet player, but
in the second set of data he was much better rehearsed. This implies that simply
practicing an instrument has more effect on tone than does the effect brought on
by cryogenic treatment.

4. TRANSIENT ANALYSIS

Much of the information the human ear uses to determine the source of a sound
is found not only in the steady-state portion of that sound, but also (and perhaps
more significantly) in how that sound develops as the tone transitions from start-
up to steady-state. This initial portion of the sound is often referred to as the
“attack”. In order to quantify the attack of the sound samples examined in this
study, the Short Time Fourier Transform (STFA) version of Joint Time Frequency
Analysis (JTFA) was implemented. This analysis gives us insight into how the
individual harmonics develop from the beginning of the note to steady-state. This
is done by simply dividing the sample into small pieces in the time domain, taking
the Fourier Transform of each of these pieces, then displaying the results of the
Fourier Transforms sequentially, back in the time domain. Thus, we can see how
the Fourier Transform evolves with respect to time. Because the case of the E5 note
in the near field yielded the most significant results in the steady-state regime, this
case will be the focus of this section. For the graphs in this section, the power for
each harmonic at any given point in time is normalized by the mean power found
in the steady state portion of that particular sample. When comparing two sets of
trumpets, the values are expressed in decibels, with the untreated trumpets used
as the reference. Thus, the untreated trumpets are considered the control group.

4.1. Results. Revisiting Player #2 playing E5 on-axis in the near-field, Figure 10
shows the development of the fundamental frequency (i.e. first harmonic) of all ten
trumpets averaged together. This graph also includes the data range boundaries,
which include the 70% of data points closest to the mean value, similar to the error
bars in the steady-state analysis.

To more fully describe development of timbre over time in the attack period, the
fundamental and four overtones in one octave steps is plotted. Figure 11 shows the
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development of the mean for each of these harmonics for all ten trumpets averaged
together.
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In order to compare the JTFA data for the two sets of trumpets, we can calculate
the difference between the average power of each set in decibels for each point in
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time, using the mean power of the untreated trumpets as the reference value. Figure
12 shows this deviation for Player #2.
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Note that this data correlates well with the steady-state data, in that the upper
harmonics of the treated trumpets are elevated in the steady-state portion of the
JTFA data for this player (i.e. after 0.3 seconds), with the fundamental being of
slightly less power and the 2"? harmonic having essentially equal power.

As was discussed in the steady-state section, deviations in harmonic power are
not considered statistically independent unless the data range bars do not intersect.
Similarly, the deviation between the error bands associated with the data from the
two sets of data is calculated and expressed in decibels. More specifically, this is
the deviation between the lower data range boundary of the harmonic with greater
power versus the upper data range boundary of the same harmonic with lesser
power. This comparison is presented in Figure 13. This analysis was executed for
each set of data. As in the steady-state analysis, this set of parameters (Player #2,
E5, on-axis in the near field) yielded the most significant results.

As is evident in Figure 13, the data range bands for the 16*" harmonic deviate
from one another at only one point in time, with a magnitude of 1 dB. For the
rest of the entire data sets (all other notes, players, player-microphone orientations,
etc.), no deviation between the data range bands between the 2 sets of trumpets
was found.

To illustrate that significant differences in attack can be observed between data
sets displaying similarities in steady-state tone, Players #1 and #3 are compared
in the same manner as Figure 13 in Figure 14, where the data of Player #1 is
used as the reference. Reviewing Figure 9 shows that these players have very
similar frequency spectra in the steady-state. However, much deviation exists in
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the attack portion of their data. Specifically, data bands of the 8" harmonic in the
data of Player #3 deviate by as much as 7.5dB at t = 0.08seconds while there is
no deviation in the steady-state portion of the samples.
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4.2. Discussion. When comparing treated and untreated trumpets from the same
player, data collection session, and player-microphone orientation, no statistically
independent results are seen (except for a single data point at one instant in time in
a single case). Conversely, significant deviations are seen when different players are
compared, and even when different data sets from the same person are compared.
Although differences in the mean values of power in the temporal regime are clearly
seen in many cases, these variations are overwhelmed by the scatter associated with
the data.

A few conclusions can be drawn from this data. First, it may be possible that
the cryogenic treatment does have an effect on the timbre and attack of the trum-
pets, as the large differences in the mean values of frequency content is seen in
the time domain. However, the deviation of frequency content from trumpet-to-
trumpet overwhelms any effect seen between the two sets of trumpets. Further, the
deviation from player-to-player and even session-to-session for the same player also
overshadows any effect seen due to the cryogenic treatment. Thus, it is the indi-
vidual player, and even the current preparedness of the player, that has a greater
effect than the cryogenic treatment on the timbre of the trumpets.

5. CONCLUSION

In many cases, the cryogenically treated trumpets display elevated upper har-
monics when compared to their untreated counterparts. This deviation can be seen
in both the steady-state and transient regions of the notes played. This could be
correlated with the claims that the treatment results in a trumpet with a brighter
tone. However, in the case of Player#3, the opposite is seen, with the untreated
trumpets displaying stronger upper harmonics (and, presumably, a “darker” tone).
In addition to this contradiction found in the data, virtually none of the data
is conclusively statically independent. The scatter of data (i.e. variation from
trumpet-to-trumpet) overshadows any difference seen between the treated and un-
treated trumpets. Further, variations seen between players and between sessions
for the same player are also much greater than the variations found between the
treated and untreated trumpets. Although it is possible that the cryogenic treat-
ment does have an effect on the timbre of an instrument, the effect is subtle at best
when compared to other determining factors.
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