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Exploring Acoustics in the Hopkins Center

Overview


For my final project, my goal was to analyze acoustics in various rehearsal spaces in the Hopkins Center, somehow change the orientation of the rooms to see how the acoustics were affected, and maybe even measure the first echoes in the Faulkner auditorium.  While measuring echoes in Faulkner proved to be impossible because of my inability to measure the large size of the room, I was able to gather some very interesting data in three different rehearsal spaces in the Hop.  In Upper Buck, Lower Buck, and a private practice room I analyzed claps, a short chord on a piano, and my voice.  I then altered each room by placing my comforter from my room and 3 small rugs into each room to try and change the acoustics and analyzed all of my findings.
Background


From class and additional reading I was able to gather the pertinent information for the basis of my analysis.  Sound that is emitted propagates in all directions as a wave, striking all surfaces in its path.
  Objects that are softer like carpets tend to absorb sound while harder surfaces like walls tend to reflect it.  Absorption coefficients range from 0 to 1, 0 being total reflection and 1 being complete loss of sound, like an open window.  Reverberation time is a measure of how long it takes for a sound to lose 60 decibels, which is equivalent to 1/1000000th the intensity of the original noise.  Reverberation time is actually very important for musicians because not only does it produce a better sound quality to the human ear, but it allows musicians to hear themselves and those around themselves better and blend much better.  On the other hand, too much reverberation will cause sounds to slur together when they are not supposed to. When architectural engineers design music rehearsal spaces they target reverb times of 0.8 – 1.0 second for band and orchestral spaces and 1.0 – 1.3 seconds for choral spaces.

Results
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In each room I was able to record different sounds on my computer in an unaltered state and again after I had altered the room and then analyze them in Praat.  I tried to hold all variables relatively constant; the noises I made all peaked in intensity between 87-90 decibels.  In Upper Buck, I found my clap to have a T30 of 0.439 seconds.  I multiplied this by 2 (as we had done in homework) to get the T60 since the decibel decay was very linear and got a reverb time of 0.88 seconds.  To the right is the spectrogram of my clap.  As expected all frequencies are excited by the clap.  I then measured the dimensions of the room so that I could figure out the absorption coefficient of the room.  Its shape is roughly that of an oval and I measured its major axis to be 9.53 m and its minor axis to be 4.57 m.  Its height was 2.74 m and I calculated to volume to be 93.8 m3.  I calculated the surface area to be 193.7m2 and then used Sabine’s formula to find an average absorption coefficient of 0.09 for the room, which made sense because of the hard walls and glass wall on one side of the room that probably reflected almost all sound.  Next I spread out my comforter and three rugs over chairs in the room so that they would have maximum surface area and analyzed a similar clap (twice for accuracy).  I measure an average reverb time of 0.72 seconds, significantly lower for the small amount of surface area I added.

In Lower Buck and an individual practice room I repeated the same clapping routine.  Lower Buck, which is a semi-rectangular room surrounded by walls, had a reverb time of 0.44 seconds.  When I added my comforter and the three rugs, the reverb time only dropped to 0.42 seconds indicating the room had a high absorption coefficient.  I was unable to measure the dimensions of the room, but I would have imagined an absorption coefficient around 0.2.  In the individual room which is characterized by walls will small holes in them and a volume of 15.6 m3, I measured the reverb time to be 0.25 seconds and calculated the absorption coefficient at 0.27.  After placing just my comforter in the room, it had a new reverb time of 0.21 seconds and absorption coefficient of 0.31.  The spectrograms for the three rooms look similar with the intensity dropping faster the lower the reverb time.
[image: image2.png] |Click to add notes

utoshapes~ \ N\ [0 O ] 1 4 £}

M 18, Sound rr piano

1.733899

M 4. Sound piano ub |- [55] = 14. Sound piano b
Fie Edt Query View Select Spectum Pich Intensty Formant Pubes
3.920240 3327274

1

0
-0.2511

Bl -1
4000 Hz| i 4000 Hz| 1100 dB
3499 Hz - 3563 Ha| 188 95 dB

0 Hz| 0 He| o dB
0.258765 0.704863 0.157750 0.747829
3661475 |3B61475 Visible part 0.963628 seconds 4625103 3.169524 3169524 Visible part 0.905578 seconds 4075102 3.169524
Total duration 7709025 seconds Total duration 7. 244626 seconds
V[V Giowp | al | in | out| sel | I~ Group

start

Side 7 of 9
€ =





I then studied how the different rooms affected a C Major chord from a piano.  Unfortunately, I was unable to use the same piano due to logistics but I assumed they were relatively similar.  When I analyzed the spectrograms of the same volume piano chords in each room, there were very different results.  Not only were the reverb times different, but the smaller the reverb times corresponded with greater presence of high partials.  When I played all three chords in succession, you can hear a clear difference in the timbre of the piano, Upper Buck being the smoothest by far.  Here are the spectrograms, Upper Buck is bottom left, Lower Buck is bottom right, and the rehearsal room is top right.
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Lastly, I was able to use calculations to measure the absorption coefficients for my comforter and the three rugs I was using.  By using the different reverb times in the practice room with and without my comforter, I could solve for its coefficient using Sabine’s formula and accounting for its surface area in the equation.  I ended up calculating its absorption coefficient to be 0.80 meaning that 80% of sounds waves striking that surface are absorbed.  Using this coefficient and the data I gathered in Upper Buck with the comforter and all three rugs in the room at the same time, I could solve for the average absorption coefficient for the three rugs.  This came out to be 0.3, around the average for carpets.

Conclusions


My project yielded some important results about three different rehearsal spaces in the hop.  The reverb time in Upper Buck was the only one close to the 1.0 – 1.3 seconds that is targeted by architectural engineers.  Lower Buck’s was well below that at 0.44 seconds, and the individual rehearsal room’s was even lower at 0.25 seconds.  You can noticeably here the difference in reverberation of my clapping when listening to the wav files in succession.  I attributed the low reverb time in the individual room to the lack of need for good acoustics when playing alone.  However, in Lower Buck this is no excuse and the sound quality is simply poor.  Also, playing an identical C Major chord on a piano in each room showed some clear differences.  The spectrograms in each room are very distinct, even though each chord was played at a very similar intensity.  I was unable to account for the different pianos, although I assumed that they would be relatively similar.  The spectrograms shown above show that the less the reverberation time, the greater the presence of higher partials and the harsher the sound.  Both the existence of a longer reverb time and a smoother timbre proved the hypothesis of that of myself and that of my a cappella group that we can blend and sound much better in Upper Buck than in any other room in the Hop.
� Ryherd, Erica. “Acoustic design of music rehearsal rooms” in Physics Today. August 2008, p. 68


� Ryherd, p. 68


� http://www.sengpielaudio.com/calculator-RT60Coeff.htm





