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 For my final project I chose to measure various aspects of the acoustics in the Main 

Auditorium at Shoreline Community Church (SCC). Specifically I wanted to evaluate how the 

room handles sound and if it varies for different positions in the room. I decided on this topic 

because some congregants at SCC were complaining that the live music during our Sunday 

morning services was too loud and needed to be turned down. 

 As a result, I took some simple decibel readings in the auditorium. I found that when I 

stand in different areas in the room, the decibel readings were significantly different. Was that a 

result of the room? I wanted to find out. I talked with SCC’s sound tech who said that the audio 

system in the auditorium was set up about 10 years ago and the acoustics haven't been assessed 

since then. 

 I decided that in order to measure and assess the acoustics in the auditorium I would 

perform three tests. First, I used a Sound Pressure Level meter, or SPL meter, to measure the 

decibel levels at various positions in the auditorium. I chose to measure the sound of a bass 

guitar and an acoustic guitar, separately and together, amplified through the main speakers of the 

room. I used the bass guitar to evaluate low and middle frequencies and the acoustic to evaluate 

middle and high frequencies. Second, I measured the way the room itself responds to sound 

using software called Room EQ Wizard, also called REW. This program generates a sine sweep 



to measure the frequencies and how they react in the room. This will be covered in further detail 

later in this report. The last test was to evaluate the absorption panels along the back wall of the 

auditorium and to see how they interact with sound in the room. From these three experiments, I 

believed that I could get a well rounded perspective of the room and how it reacts to the sound 

amplified through the speaker system.

Experiment #1- Measure Decibel Levels at Various Positions in Main Auditorium

 I began by evaluating the levels of an acoustic and bass guitar at various levels on the 

sound board and at three different locations within the room. To do this I needed a Sound 

Pressure Level meter, or SPL, which the church happened to have.

 



 

Sound Pressure Level Meter

 An SPL works by reading decibel levels. In basic terms, a decibel is a measurement of air 

pressure that is pushed from the speakers and perceived by our ears as sound. The decibel system 

is logarithmic. Sound pressure increases exponentially, which means when it is plotted on a 

graph, it starts out low and spaced out, but ends up high and bunched together. It’s not easy data 

to communicate. So the bel is used to measure pressure in powers of 10, which allows someone 

to evaluate sound pressure in evenly spaced increments that are easy to see on a graph. However, 

because the bel is such a large value, the decibel is more commonly used. This chart, from the 

Academy of Art University’s LA 124 class,  shows the different decibel levels and how they are 

perceived. 



(Academy of Art University, LA 124)

 The SPL meter has a dial that allows you to establish what zero is on the meter. For this 

experiment, I set the dial to 70, so that when the needle moves below zero, it is in the 60 to 69 

decibel range. When the needle moves above zero, it’s in the 70’s. 

 I chose to use the SPL meter to measure low, middle and high frequencies by playing the 

acoustic and bass guitar separately and together. I also wanted to evaluate different levels, so I 

adjusted the decibels of the output from the sound board to -10, -5, 0 and +5. Finally, I chose to 

do this at three different positions in the main auditorium to see how the decibel levels would 

differ. 

The Results



Center Aisle
Bass

Center Aisle
Acoustic

House Right
Bass

House Right
Acoustic

House Left
Bass

House Left
Acoustic

Center Aisle
Bass & 

Acoustic

-10 db 64 to 68 62 & below 62 & below 64 & below 62 & below 60 and below N/A

-5 db 67 to 70 62 to 65 62 to 67 62 & below 64 & below 61 and below 66 to 70

0 db 69 to 71 64 to 67 65 to 69 62 to 65 64 to 66 61 to 64 68 to 71

+5 db 71 to 73 66 to 69 68 to 71 65 to 67 67 to 69 65 to 69 70 to 72

 There a many other variables that came into play here, but the data did give me some 

good information. It showed me that when the channels on the soundboard are set to 0 db, the 

acoustic and the bass guitar both hit levels somewhere between 64 to 71 decibels. What was 

interesting to note is that the bass seemed to push air pressure much more than the acoustic 

guitar. Even if there were variables that differed on the soundboard, the rate at which the bass 

reached higher decibels was much greater than the acoustic. 

 Furthermore, it is interesting to note two things about the bass guitar’s decibel levels 

compared to those when both instruments played together. First, the levels for the bass are very 

similar to the levels of both instruments together, suggesting that low frequencies of the bass 

push much of the sound pressure in over all instrumentation. Meaning the bass, and other 

instruments that push low frequencies, are important for perceiving different musical qualities. 

Second, adding the values of the bass to the values of the acoustic does not equal the decibels 

that they both produced together. Combining them together does not create 138 db but 71 db. 

Looking at this decibel range helped me interpret the results of my next experiment, assessing 

the resonance of the room.



Experiment #2- Measure EQ of the Main Auditorium

 I wanted to evaluate the EQ of the room and how it reacts to sound. In Alton Everest’s 

book, The Master Handbook of Acoustics, the author states that “most rooms have preferred 

resonance frequencies where sound energy at those frequencies is accentuated.” (Everest) The 

room was remodeled about 10 years ago and at that time a new sound system was installed. I was 

told by our current sound man that a professional team evaluated the acoustics of the room as 

they placed the speakers and installed the absorption panels. 



 As I was studying ways to measure the resonance of a room, I came across a lecture on 

YouTube uploaded by the Rocky Mountain Audio Festival from their 2011 event (RMAF11: 

Ringing Out Your Room, Jeff Merkel, Merkel Acoustics). The lecture was given by Jeff Merkel, 

a teacher at the University of Denver and a sound engineer of Merkel Acoustics. In this lecture 

he discussed using a freeware software called Room EQ Wizard, or REW, to measure the 

acoustics of a room.

Setting Up Room EQ Wizard in the Main Auditorium

 I decided that REW was the best solution for me to take some measurements, so I started 

by downloading the software. I first had to set up an account with Home Theater Shack at 

www.hometheatershack.com. I downloaded the zip file at http://www.hometheatershack.com/

forums/downloads-area/19-downloads-page.html#axzz2FAb3tMWy. Then I moved on to setting 

http://www.hometheatershack.com
http://www.hometheatershack.com


up the hardware needed. This proved to be the hardest part of the whole process. REW works by 

setting up an input/output loop through your computer using a soundcard. 

(From Room EQ Wizard Help)

 By creating a loop, the program can send an sine sweep signal to the speakers, then 

receive that signal from the speakers. From there it calculates how the frequencies react in the 

room. I happened to already own an M Audio Fast Track device, which I was able to use as my 

soundcard.



 I again used the SPL reader as my microphone to input the signal back into REW.

 I then sent a signal from the output of my soundcard to the soundboard so the signal 

would come through the speakers. After a lot of troubleshooting, I used REW to calibrate my 

soundcard and SPL reader. Now I was finally ready to take some measurements. 

 As I stated earlier, Room EQ Wizard uses a sine sweep to excite the room and measure a 

wide range of frequencies. The sweep is the equivalent of an impulse, like a loud gun shot. Such 



a loud sound produces a variation of frequencies, however it is difficult to measure sound that is 

so instantaneous and also harsh for the average speaker to handle. So what REW does is create 

an sweep that excites all of the frequencies in a noise like a gun shot, but over a longer period of 

time. Then REW generates graphs based on the behavior of the different frequencies in the room. 

Evaluating the Information

 The first graph that I looked at was a plot showing decibels on the y axis and frequencies 

on the x axis. 

 The graph was a reading taken with the SPL meter in the center aisle, towards the back of 

the room. What I concluded from this graph is that between about 55 db to about 75 db, the 



congregation hears frequencies between approximately 45 Hz to 200 Hz. This decibel range 

coincided with the data I collected in my first experiment with the bass and the acoustic guitar. 

 REW also generated a waterfall graph, from those some measurements, that showed three 

dimensions of sound in the room: decibels, frequencies and time of decay. From that graph I 

could see that there is an even fall off, or decay, for those frequencies between 45 to 200 Hz. 

 This was confirmed by taking impulse readings from house left and house right at 

positions much closer to the stage and the speakers.





 Some spikes in decibel levels were shown in the left and right graphs, but they were 

understood considering the proximity of the SPL meter to the speakers.

 Based on this information, I then set out to establish the natural resonance of the room. 

Everest describes the equation for a room’s natural resonance as,

f (natural resonance) = 1130 ft/s (speed of sound) / 2L (Everest, location 4119)

 Everest also explains that this natural resonance exists at regular intervals, saying that, 

“...similar resonances occur at 2f1, 3f1, 4f1 . . . through the spectrum.” (Everest, location 4119)

 I looked up old blueprints from SCC’s remodel to determine the dimensions of the main 

auditorium. I found that the length of the room, from the stage to the back wall, is roughly 63.4 

ft. Therefore, in this equation, L equals 63.4,

f = 1130/(2)(63.4) = 565/63.4 = ~ 8.9 Hz. 

 Therefore, I determined that the natural resonance of the main auditorium is 

approximately 9 Hz. Looking back at the waterfall graphs, the frequencies that existed in the 55 

to 75 decibel area ranged from about 45 Hz to 127 Hz. If you multiply 9 Hz by 5, you get 45 Hz, 

the lowest frequency I evaluated on the waterfall graph. Again, if you multiply 9 Hz by 14, you 

get 126, which is close to the highest frequency I looked at on the waterfall graph. This was a 

very simplistic look at frequencies in the room and there are many other factors involved. The 

shape of the room is only one variable that can change how sound moves in this room. But based 



on the data I collected, it seems that the frequencies of sound in the main auditorium are within a 

normal spectrum of resonance. 

Experiment #3- Evaluate the Absorption Panels Along the Back Wall

 

 My last experiment was to assess the absorption panels. Everest describes sound panels 

by starting with the energy of sound. “Sound is the vibratory energy of air particles, and by using 

absorbers, the vibratory energy can be dissipated in the form of heat. Thus, sound energy is 

reduced.” (Everest, location 3355) 

 I noticed that the sound panels in the auditorium are spaced apart somewhat evenly. I 

wanted to see what kind of decibel levels were being reflected off the panels, and if there was a 

difference in-between the panels. I set up the experiment by playing a full, rock and roll song on 

repeat through the speakers. I turned the soundboard’s output up to +5 decibels and the volume 

of the computer playing the song was at 75%. I started by aiming the SPL meter between two of 

the panels, pointing right at an area of the wall. The SPL meter’s dial was set to 70 decibels.

 What I found was that during the verse of the song, which was less dynamic than the 

chorus, the SPL meter read 66 decibels. During the chorus of the song, the meter jumped up to 

about 68 to 69 decibels. What was interesting was that when I aimed the meter directly at the 

sound panel, I got the exact same reading, about 68 db. I experimented by aiming the SPL meter 

towards the windows of the Cry Room, in the overflow area behind the sound panels. 



 The results were the same, 68 db. I pointed the SPL meter towards the double doors at the 

back of the room, and it still read 68 db. 

 I compared the data to the results from the experiment with the bass and acoustic guitar. 

In that first experiment, I discovered a consistent range of about 64 to 71 decibels, when the 

sound board was outputting at 0 db. So the decibel readings off the sound panel did show sound 

reduction, considering in this experiment the soundboard was outputting +5 decibels and the 

music was much more full compared to just an acoustic and bass guitar.

 From the results of the three test, I found a significant relationship between the decibel 

levels of an acoustic and bass guitar, the natural resonance of the room and the affects of the 

sound panels. By using an SPL meter to measure the decibel levels at various positions in the 

auditorium, I found that a range of about 64 to 71 decibels were amplified through the main 



speakers of the room. I used the bass guitar to evaluate low and middle frequencies and the 

acoustic to evaluate middle and high frequencies. Then by using Room EQ Wizard I was able to 

measure the way the room itself responds to sound. I found that, according to my calculations, 

the natural resonance of the room was approximately 9 Hz. Based on the measurements that 

REW took, there was a pocket of frequencies from about 45 Hz to 127 Hz, which shows that the 

room carries sound within it’s natural resonance. In the last test I evaluated the absorption panels 

along the back wall of the auditorium to see how they interact with the sound in the room. I 

found that when the soundboard output full music at about +5, the reflected sound off of the 

panels was about 68 db. This number coincides with the readings from the previous two 

experiments and shows that sound is lessoned by the panels.

 As a result, I was able to produce a well rounded picture of the main auditorium at 

Shoreline Community Church. Though the audio system in the room had apparently not been 

evaluated since it’s first installment 10 years ago, it still seemed to be functioning properly.
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