JB Cholnoky & Cyrus Tingley

Math 5 • Professor Barnett

May 30, 2007
Exploring Sound Within Structure
Acoustics Around the Dartmouth Campus
Project Purpose & Goals
For our end of term project, we decided to expand on recent coursework regarding the acoustics of rooms.  Since the often-overlooked presence of sound and acoustics at work is present everywhere in our lives, the purpose of this project was to apply the theories and methods learned in Math 5 to our everyday surroundings here on the Dartmouth campus.  Our goal was to discover interesting and relevant acoustic anomalies in campus buildings, explored with sound recording and analysis.  Using a type of “clapper” device to generate a sound, we took recordings at multiple locations in hopes of uncovering reverberation times and ideally find a location were the right sound can generate a flutter echo. 

Project Sites, Procedure & Materials
Since our goal was set to try to find acoustic anomalies in campus buildings, we had to be a bit creative when deciding which sites to choose.  We needed spaces which would have a few commonalities.  First, each space had to have a low level of background noise.  Second, at every location, we had to determine what the wall materials were.  Finally, we hoped to gain access to some atypical buildings due to a greater interest in how sound propagated in a long, narrow tunnel instead of another wood paneled room.  With the choices narrowed down, we decided on three different venues as our subject structures: a steam tunnel beneath the College Green, an empty fuel storage room attached to the Dartmouth power plant and Leverone Field House.  The procedure in each location included the production of a loud sound signal.  Any resulting reverberation, resonance, or echo was recorded on a laptop by a highly sensitive Logitech digital microphone.  The sound file was then saved to and analyzed in our Audacity and Praat programs.  To produce sound, we struck together two wooden paddles made of laminated plywood and roughly .75 centimeters thick.  This technique proved sufficiently loud and quite easily repeatable.  Each time, the edge of one paddle was hit sharply against the flat center of the other.    
Power Plant Fuel Room

Our serendipitous encounter with Mr. Bill Reihl, manager of Dartmouth College’s Heating Plant landed us in an old concrete storage bunker just behind the steam plant.  While touring the tunnels with the kind FO&M representative, he took an interest in the project and unlocked a large, relatively empty concrete room once used to store fuel.  Dimensions are listed below (Figure 1).  The most interesting acoustic qualities we analyzed in the fuel storage bunker went in a completely opposite direction from our expectations.  This room did not produce the echoes we hoped for after hearing the sounds our voices made when we walked in.  Upon our arrival, the room had a booming, amplifying effect on our words.  The fascinating aspect to the concrete bunker was in fact its immensely long reverb time.  Our Audacity recordings from this room - for both higher- and lower-volume noises, show that the sounds hang around for quite some time - without echoing.
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Results -- Power Plant Fuel Room

· Peak frequency of signal = 464 Hz

· Calculating reverb time: T60 = 0.161 (V/S)

· V = (30.48m)(6.096m2) = 1133m3
· S = (AC of concrete)(SA) = (0.31)(780.4m2) = 241.924

· [Absorption Coefficient for Concrete taken from Loy, p222]

· T60 = (0.161)(1133/241.924) = 0.754 sec

· From Audacity: By zooming in our recording in Audacity, we found that the sound appeared to have a time span of 12.613 sec -> 18.49 sec, or 5.877 sec.

· At this site, we were thus overwhelmingly more successful in accurately measuring and calculating the room’s reverb time. 
Steam Tunnels
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The second site for discussion was a section of the underground steam tunnels that cross the Dartmouth College Green.  Due to several large steam and condensation pipes surrounded by insulation and occupying half the tunnel’s volume, this location did not generate very good echoes, please note the rough design in Figure 2.  Much like the concrete bunker in materials along the structure’s edges, the massive amounts of pipe and insulation really caused havoc when we tried to get an audible echo.  Another problem was a bit of background noise due to fans pumping in fresh air from the upper egress tunnels.  Figure 3 gives a better idea of what the view was like from under the Green.  The recordings here show again a near perfect example of reverberation, but unfortunately, no clear echo.  Because the tunnel turned at 90-degree angles at either end of the 300-foot subject section, it behaved much like a closed room and sound resonated accordingly.
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Results – Steam Tunnels

· Distance from site 1 to site 2 was 45.72m.  Calculating reverb time (without accounting for pipes in the way):

· T60 = 0.161 (V/S); V = 544.4m3

· Peak frequency = 557 Hz [from Audacity]

· S = (AC of concrete)(SA) = (.02)(904.5m2) = 18.09

· T60 = (0.161)(544.4/18.09) = 4.85 seconds

· By zooming in on our Audacity recording, we found that the sound began at 4.85 seconds, and ended at 6.26 sec (see Audacity), implying a reverb time of only 1.41 seconds.

· However, while this does not match the calculated value, the difference can be attributed to perhaps human error and/or lack of microphone sensitivity; but most obviously, the calculated T60 value is for an empty tunnel hallway and thus would be longer than the reverberation time in reality, which is effectively much shorter because of the pipe’s interference in space and insulation covers.
Leverone Field House
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Leverone Field House was our initial site when we took our recordings.  We were put in a difficult situation as there were a lot of obstructions crowding the surface area at the buildings ceiling and walls.  Nets, speakers, lights, air conditioning pipes and fans added together to obscure the walls.  Leverone also provided the highest level of background noise.  At the onset we believed there was nothing significant from our readings; however the results from Leverone were in fact the most remarkable.  The buildings dimensions and general layout can be observed in Figures 4 through 6.  What we discovered at one location in the building was a perfectly clear flutter echo.  We recorded at 3 locations –  #2 and #3 provided the best results. The flutter echo was the most clear when a clap was produced at location #3 and recorded at location #2. Our results show that it is most likely the echo was in fact sound bouncing off the roof of the building. 
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It is important to note that the recordings at location #1 were less sharp when compared to the other positions.   The large amount of nets, lights, and other materials hanging from the ceiling and at the far end of the building stifled any echoes we may have heard traveling end-to-end in Leverone.  A final observation is that since the walls at the long ends of Leverone are flat, the clap produced a crisper echo once it was generated at location #2.  Location #1 aimed the clap at a arch without a smooth surface, dampening any resulting echo.
Results – Leverone Field House
It was only by slowing the sound down 70-90% that we were able to both see and hear the echo.
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· A “flutter echo”, as we learned in class, is the sound of repeated clicks gradually fading away - continuous ‘bouncing’ of sound within a structure.

· The time before you hear the echo: T = 2x/c

· According to Audacity, the initial sound arrived at 3.99 seconds, and zooming in showed echoes arriving at 4.096 sec, 4.198 sec, and so on - thus the time delay was approximately .104 seconds or so.

· We suspected that the echo was produced by the sound we made at Site #3, bouncing off the ceiling.

· At that point, the height of Leverone is roughly 18 m. (upon later analysis of the building, this was our best guess of the building height at the location # 3: 60 feet)
· Plugging .104 sec into the equation referenced above:

· .104 = 2x/340 m/s

· X = 17.68 m. 

Conclusion
We are confident the hard work in this project truly paid off.  At each of the three locations we were able to pull different types of sounds from our acoustic recordings, and then tried to figure out why one location had a better reverb time than another or where a flutter echo came from.  The results from Leverone Field House are incredibly promising, and we both realized how quickly sound is lost in a building with multiple obstructions such as pipes or insulating material.  Able to apply a few of the theories and concepts from our coursework, we believe this project is just an open door to the variety of the interesting acoustic properties hidden among Dartmouth’s campus.
